
TO^OHTO













D.cember 13, 1900

Nature
A WEEKLY

I
ILLUSTRATED JOURNAL OF SCIENCE

VOLUME LXII

MAY to OCTOBER 1900

" To the solid ground

Of Nature trusts the mind 7vhich builds for aj^."— Wordsworth

MACMILLAN AND CO., Limited

NEW YORK : THE MACMILLAN COMPANY



Q
I

to (9.

2

Naturt,
December 13, 1900

Richard Clay and Sons, Limited,

LONDON and BUNGAY.

•*»v.^
V *

' V?



Nature. 1
December 13, igooj

INDEX
Abbe (Prof. C), the History of Modern Weather Prediction,

499
Abbott (Dr. G.), on the Concretionary Structures of the Magne-

sian Limestone of Durham, 587
Aberdeenshire, West, on the Physical Character of the Population

of, J. Gray, 635-6
Abney (Sir William), Colour Photometry (iii), 273
Abruzzi (Duke of), the Ascent of Mount St. Elias, Alaska, i, 529
Abt (A.), Thermoelectric Force of some Metallic Oxides and Sul-

phides, 335
Academies, the International Association of, 249
Acetylene: The Purification of Acetylene, no; a Handbook

for the Student and Manufacturer, Vivian B. Lewes, 522
Achard (Ch.), Anti-coagulating Power of Serum in Pathological

State, 216
Ackroyd (W.), on the Distribution of Chlorine in West York-

shire and on the Limiting Standard of Acidity for Moorland
Waters, 566

Acland (Sir H. W. D., F.R.S.), Death of, 602 ; Obituary Notice
of, 627

Acoustics : an Illustration of Doppler's Principle, Prof. R.
Richarz, 35 ; a New Instrument to Measure and Record
Sounds, Dr. Benjamin F. Sharpe, 80 ; the Photography of
Sound Waves, Prof. R. W. Wood, 342 ; the Distance to which
the Firing of Heavy Guns is Heard, Dr. Charles Davison, 377 ;

J. W. Mallet, 523 ; High Note Production by Galton's
Whistle, M. T. Edelmann, 381 ; Acoustical Triangulalion,
A. J. Mundy, 422 ; New Effect produced by Stationary Sound-
waves, R. Davis, 568

Acquisition of Language, Homochronous Heredity and the. Prof.

R. Meldola, F.R.S., 572
Acrospeira viirabilis, on the Life History of, R. H. Biffen, 613
Action of Water upon Glass, the, Edmund F. Mondy, 246
Adams (Prof. F. D.), the Flow of Marble, 335
Aeronautics : the Mechanics of Flight, Lord Rajleigh, 108

;

Count von Zeppelin's Navigable Balloon, 180, 231, 396;
Count Zeppelin's Air-ship, 626

Aether and Matter, Joseph Larmor, Prof. Geo. Fras. Fitzcerald.
F.R.S., 265

1

Aflalo (F. G.), a Walk through the Zoological Gardens, 466
Africa : Preliminary Notes on the Results of the Mount Kenya

Expedition 1899, H. J. Mackinder, 12; Spider-silk manufac-
ture in Madagascar, M. Nogue, 17 ; Grandidier's Expedition
to Madagascar, 35 ; the Winds of Kimberley, J. R. Sutton,

35; a New Edible Tuber from the Soudan, Maxime Cornu,
72 ; a Possible Prevention of Horse-sickness, Dr. G. C. Purvis,

83 ; the Cape Colony Fruit-moth, Mr. Barrett, 119; Death
and Obituary Notice of Miss M. H. Kingsley, 134 : Locust
Destruction, W. C. Robbins, 134 ; the Carboniferous Strata
of Nossi-Be, M. Villiaume, 168; Effect on Lower Nile of
"Sudd" Cutting on Upper Nile, 180; Paleolithic Man in
Africa, Sir John Evans, F.R.S., 190 ; South African Philoso- I

phical Society, 216, 264, 464 ; Sette Anni di Caccia Grossa e
Note di Viaggio in America, Asia, Africa, Europa, Count
Felice Scheibler, 244: Theriodont Reptile from Baviaans River,
Cape Colony, Prof H. G. Seeley, F.R.S., 262; the Snake-
stone, E. U. L. Schwarz, 302 ; Bushman Drawings, E. H. L.
Schwarz, 336 ; Mud Island in Walfisch Bay, 336 ; Mr.
Cleverly, 464 ; Ghizeh Zoological Gardens, 374 ; Change of
Feeding Habits of Rhinoceros-birds in British East Africa,
Prof. E. Ray Lankester, F.R.S., Capt. Hinde, 366; the
White Rhinoceros on the Upper Nile, Oldfield Thomas, 599 ;

Neogenic Regions of Lower Egypt, C. Dej eret and R.

Fourtau, 408; the Ndonda District, H. A. Byatt, 422;
Palaeolithic Implements from Stellenbosch, L. Peringuey and
G. S. Corstophine, 464 ; Egyptian Gold, Daniel Berthelot,

464 ; the Fauna of South Africa, Mammals, W. L Sclater,

521 ; the Preservation of Big Game in Africa, E. N. Buxton,

550 ; Report of the British Associatidn Committee on the

Climate of Tropical Africa, 590 ; Proof of old Semitic In-

fluence in South Africa, K. Meinhof, 606
Agamennone (Dr. G.), the Action of Horizontal and Vertical

Pendulums in Seismography, 62
Age of the Earth, the. Prof. Eugene Dubois, 498 ; the Geological

Age of the Earth, J. Joly, F.R.S., 235
Agnosticism, Naturalism and, James Ward, 25
Agriculture : Irrigation and Drainage, F. H. King, 5 ; the

Farmstead, Prof. J. P. Roberts, 53 ; Strontium and Barium
unfit to replace Calcium in Phanerogams, Dr. U. Suzuki,

136 ; the Destruction of the " Moth-borer " Caterpillar, 182
;

Rural Wealth and Welfare, Geo. T. Fairchild, 245 ;
" Frost

Fighting," A. G. McAdie, 274 ; Solubility of Calcium Phos-

phate in Soil Water in Presence of Carbon Dioxide, Th.
Schloesing, 312 ; Recent Investigations on Rust of Wheat,
William G. Smith, 352 ; Michigan Board of Agriculture,

Annual Report, 1898-99,365. Agricultural Chemistry : Death
of Sir John Bennet Lawes, Bart., F.R.S.,456; Obituary

Notice of. Prof. R. Warington, F.R.S., 467 ; Agricultural

Botany, John Percival, 570 ; Year-book of the United States

Department of Agriculture, Prof. R. Warington, F.R.S.,

597 ; Further Investigations of Xenia in Maize, Herbert J.

Webber, 601 ; the Bobolink as a Rice Pest, F. E. L. Beal,

605 V '

Ainu inao, on the Japanese Gohei and the, W. G. Aston,

635
Air : the Carbonic Anhydride of the Atmosphere, Prof. E. A.

Letts, R. F. Blake, 387 ; the Air of Rooms, Francis Jones,

Air, Water and Food, Ellen H. Richards, Alpheus G. Woodman,
620

Ailken (John, F.R.S.), Dynamics of Cyclones and Anticyclones,

ii., 95 ; Atmospheric Electricity, 366
Aitken (R. G.), New Planetary Nebula, 606 ; New Double Stars,

630
Alaska, the Ascent of Mount St. Elias, Duke of Abruzzi, i, 529
Albatross in the Pacific, Explorations of the, 307
Albatross, Tenacity of Life of the, Prof. John Perry, F.R.S.

,

621 ; Captain Wm. J. Reed, 621

Albinism and Natural Selection, Walter Garstang, 620
Alexander (W. B.), the Climate of St. Christopher, 35
Algx", Codium, 63
Algebra, Machine for Solving Algebraic Equations, Georges

Meslin, 253
Algeria : Vinification dans les Pays Chauds—Algcrie et Tunisie,

J. Dugast, 74
Allbutt (Prof T. C, F.R.S. ), Historical Aspects of the Discovery

of the Circulation of the Blood, 630
Allchin (J. H.), a Swallow-cuni-Sparrow Nest, 532
Allen (J.' A.), the Wood Bison, 35
Allingham (William), A Manual of Marine Meteorology, 268

Alloys : Heat of Formation, J. B. Tayler, 70 ; Want of Uni-

formity of Action of Copper-zinc Alloys on Nitric Acid, Dr.

J. H. Gladstone, 70 ; I'roperties of Gold and Copper Alloys,

Prof. Sir W. C. Roberts-Austen, F.R.S., and T. K. Rose,

93 ; the Solidification of Alloys, Fred. T. Trouton, F.R.S.,

523



IV Index

'

r Nature,
L December 13,

Alnus Glutinosa, on the Structure of the Root-nodules of, T. W.
Woodhead, 613

Alpine Tunnels, the Great, Francis Fox, 281

Althaus (Dr. Julius), Death of, 157

Amateur's Practical Garden Book, the, C. E. Hunn, L. H.

Bailey, 101

Amdrup Arctic Expedition, Return of, 577
America : La spedizione di sua Altezza Reale il Principe Luigi

Amadeo di Savoia. Duca degli Abruzzi al Monte Sant' Elia

(Alaska), 1897, Dottore Filippo de Filippi, i., 529; the

Highest Andes, E. A. Fitzgerald, Edward Whymper, 38 ;

Bulletin of American Mathematical Society, 69, 189, 260, 381 ;

Transactions of American Mathematical Society, 260, 519 ;

American Journal of Mathematics, 92, 381 ; American Journal

of Science, 92, 210, 286, 432, 568, 638 ; Our Native (American)

Birds, D. Lange, loo; the Geography of the Region about

Devil's Lake and the Dalles of the Wisconsin, Prof. R. D.

Salisbury, W. W. Atwood, 172 ; Sette Anni di Caccia Grossa

e Note di Viaggio in America. Asia, Africa, Europa, Count

Felice Scheibler, 244 ; the New York Meeting of the American

Association, 269 ; Maryland Weather Service, 292 ; American

Institute and English Institution of Electrical Engineers at

Paris, 415; Missouri Botanical Garden, Eleventh Annual

Report, 495
Amsterdam Royal Academy, 47
Amsterdam Royal Society, 96
Analytical Chemistry, an Introduction to, G. G. Henderson,

M. A. Parker, 292
Analytical Portraiture, Francis Galton, F.R.S., 320; Photo-

graphic side of Mr. F. Galton's Suggestions, 374
Anatomy : Death of Prof. G. V. Ellis, 16 ; Erinnerungen aus

meinem Leben, A. KoUiker, 169 ; Death of Dr. Karl Lange,

198 ; Death and Obituary Notice of Prof. Corrado Tommasi-
Crudeli, 228 ; Handbuch der Anatomic und Vergleichenden

Anatomic des Centralnervensystems der Saugetiere, Dr.

Edward Flatau, Dr. L. Jacobsohn, 267 ; Morphological

Anatomy of Vertebrates ; the Air-chambers in Mammalian
Skull, Dr. S. Paulli, 323 ; the Brain of the Pond-Tortoise,

Dr. B. Haller, 324 ; an Introduction to the Study of the

Comparative Anatomy of Animals, G. C. Bourne, 364

;

Descriptive and Illustrated Catalogue of the Physiological

Series of Comparative Anatomy contained in the Museum of

the Royal College of Surgeons of England, 385 ; Genesis of

the Vertebrate Column, Herbert Spencer, 620
Ancient Records of Meteor Showers, M. D. Eginitis, 203
Anderson (Dr. John, F.R.S.), Death .of, 394 ; Obituary Notice

of, 529
Anderson (Prof. R. J.), Crooked-Keeled Breast-bone in Fowls,

159
Anderson (Dr. T. D.), New Variable in Auriga, 161

Andes, the Flora of the, H. H. W. Pearson, 46
Andes, the Highest, E. A. Fitzgerald, Edward Whymper, 38
Andre (Ch.), Apparent Semi-diameter of Sun, 464
Andre (G.), Action of Sulphur Dioxide and Hydrogen

Sulphide on Pyridine, 216
Andrews (C. W.), a Monograph of Christmas Island (Indian

Ocean), Physical Features and Geology, 193
Andrews (William), the Migration of Swifts, 436
Anemometer Tests, Prof. C. F. Marvin, 280
Angiopteris Evecta^ on the Structure of the Stem of, Miss

R. F. Shove, 612
Animal Cults of the Natives of Sarawak, on the, and their

Bearing on the Problems of Totemism, Dr. C. Hose, W.
McDougall, 634 ; Mr. Hartland, 635

Animals, an Introduction to the Study of the Comparative
Anatomy of, G. C. Bourne, 364

Annalen der Physik, 92, 211, 338, 381, 568, 639
Annandale (N.), on the Appearance and Habits of Some Malay

Insects, 590
Ant, Red, Web- spinning habits of, E. G. Green, 253
Antarctica : Magnetic Observations during Belgica Expedition,

108 ; Racovitza Glacialis, new Antarctic fish, Louis Dollo,

350 ; the Antarctic Regions, Dr. Karl Fricker, Dr. Hugh
Robert Mill, 624 ; Through the First Antarctic Night, 1898-
99, Frederick A. Cook, Dr. Hugh Robert Mill, 624

Antelopes and their Recognition Marks, R. I. Pocock, 584
Anthills, Artificial, at Paris Exhibition, C. Janet, 490

'

Anthropology : the Races of Europe, a Sociological Study,
William Z. Ripley, Prof. A. C. Haddon, F.R.S., 27 ; Death
of Lieut. -Gen. Piit-Rivers, F\R.S., 33; Obituary Notice of.

59 ; Dugong Vertebra as bracelet in Pelew Islands, Dr. O.
Finsch, 36 ; Decorative Art of Sea Dayaks of Sarawak, Prof.

A. C. Haddon, F.R.S., 68; Genealogical Researches in

Torres Straits, Dr. W. H. R. Rivers, 71 ; Anthropological

Institute, 71, 119, 167, 190 ; Stone Implements from Pitcairn

Islands, J. Allen Brown, 119; Malay Magic, W. W. Skeat,

145 ; Earliest Communications between Italy and Scan-
dinavia, Prof. O. Montelius, 167 ; Original Character of the

British People, Nottidge Charles Macnamara, 172 ; the

English Metric System of Criminal Identification, Dr. J. G.
Garson, 190 ; Human Babies : what they Teach, S. S. Buck-
man, 221; the White Huns, C. de Ujfalvy, 323; Bushman
Drawings, E. H. L. Schwarz, 336 ; Craniology of Irano-

Indians, M. Ujfalvy, 351 ; Memorial Notices of F. H. Gush-

ing, 397 ; Artificial Deformation of Heads and some Customs
connected with Polyandry, Kumagusu Miuakata, 437 ; Pa-

laiolithic Implements from Stellenbosch, L. Peringuey and

G. S. Corstophine, 464 ; the Ginn in Morocco, Dr. E.

Westermarck, 499 ; Slavic Skull at Niedersedlitz, Prof. J.

Deichmilller, 533 ; Mexican Symbolism, Carl Lumholtz, Prof.

Alfred C. Haddon, 600 ; the Peopling of Australia, Sidney H.

Ray, 621 ; Annual Congress of the German Anthropological

Society, 632 ; see also Section H of the British Association

Antoniadi (E.), Anomaly of Dichotomous Phase of Venus, 464
Applications of Electrical Science, Prof. G. F. Fitzgerald, 43
Aquila, New Star in, 305
Araucarioxylon, on the Primary Structure of Certain Palaeozoic

Stems Referred to. Dr. D. H. Scott, F.R.S., 612

Arber (E. A. Newell), on the Effect of Salts on the COg Assimila-

tion of Ulva latissima, 611

Archteology : Pompeii and its Remains, 7 ; the Alleged Buddha
Relics, 200 ; Indian Burial Caves on Rio Cunany, Brazil, Dr.

Goeldi, 500 ; the Recent Cretan Discoveries and their

bearing on the Early Culture and Ethnography of the East

Mediterranean Basin, Arthur J. Evans, 526 ; see also Section

H of the British Association

Archibald (E. D.), Indian Famine-causing Droughts, 335
Arctica : the Norwegian North Polar Expedition 1893- 1896 to

Franz Josef Land, Scientific Results, Fridtjof Nansen, J. F.

Pompeckj, A. G. Nathorst, R. CoUett, 146; the Russian

Expedition at Spitsbergen, 373 ; Return of Amdrup Expedi-

tion, 577 ; Musk Ox to be Acclimatised in Sweden, 577
Ardnamurchan, on a Granophyre Dyke Intrusive in Gabbro at,

Prof. K. Busz, 588
Argyll (the Duke of). Death and Obituary Notice of, 13

Arithmetic : Elements de la Theorie des Nombres, E. Cohen, 52

Arizona, " Chalcedony Park," the, L. F. Ward, 62

Armitage (Mrs.), on some Yorkshire Earthworks, 637
Armstrong (Prof.), Dr. Lodge's Paper on Volta's Contact

Force, 70; Inhibiting Effect of Etherification on Substitution

in Phenols, 261 ; Ions, 564
Arnold (Mr.), Relative Advantages of Alternate and Con-

tinuous Current for General Electrical Supply, with regard to

interference with other interests, 415
Arons (L.), Electric Arc between Metallic Electrodes in

Nitrogen and Hydrogen, 93
Art and Industry, Science in Relation to, 32

Art, Medicine as a Science and Medicine as an, Dr. P. H. Pye-

Smith, F.R.S., 356
Asbestos, Physical Structure of, Geolirrey Martin, 369 ^

Ascent of Sap, Dr. Henry H. Dixon, Prof. J. Joly, F.R.S., 572

Aschan (Prof. Ossian), on the Constitution of Camphor, 567

Asia: Sette Anni di Caccia Grossa e' Note di Viaggio in

America, Asia, Africa, Europe, Count Felice Scheibler, 244 ;

Babylonians and Assyrians, Life and Customs, Rev. A. H.

Sayce, 289
Aspen Leaf, the Trembling of the, Henry J. Colbourn, 436

Association of German Naturalists and Physicians, 553
Assyria : the Reports of the Magicians and Astrologers of

Nineveh and Babylon, R. C. Thompson, 5 ; Babylonians and

Assyrians, Life and Customs, Rev. A. H. Sayce, 289

Aston (W. G.), on the Japanese Gohei and the Ainu inao, 635

Astrographic Chart Conference, the, 377
Astrology, the Reports of the Magicians and Astrologers of

Nineveh and Babylon, R. C. Thompson, 51

Astronomy : the Nature of the Solar Corona, Prof. Geo. Fras.

Fitzgerald, F.R.S., 7 ; Photometry of Corona, April 16, 1893,

Prof. H. H. Turner, 86 ; Proportion of Polarised Light in

Solar Corona, J. J. Landerer, 167 ; Polarisation of Solar

Corona observed at Elche, P. Joubin, 191 ; Automatic



Nature, ~\

December 13, 1900 J
Index

Photography of the Corona, Prof. C Biirckhalter, 535 ; Our
Astronomical Column, 19, 37, 64, 86, no, 137, 160, 183, 202,

233. 256. 304. 324. 352. 377. 398, 425. 459. 491. 501. 535.

556, 581. 606, 630; New Variable in Taurus, Madame Ceraski,

19 ; Relation between Solar Activity and Earth's Motion,

W. G. Thackeray, 20 ; Determination of Solar Parallax from

Opposition of Eros, Prof. S. Newcomb, 20 ; Ephemeris for

Eros, 20, no, 184, 233, 377, 459 491, 501, 535, 556, 581,

606, 630 ; Photographic Observations of Eros, Prof. Howe,
137 ; Howe's Photographic Observation of Eros, A. C. D.

Crommelin, 184; Measures of Eros, 233; Opposition of Eros,

Prof. S. J. Brown, 425 ; M. Loewy, 630 ; Astronomical

Application of Physical Problem Investigated at Solar Physics

Observatory, Sir Norman Lockyer, 23 ; Comet Giacobini (1900
o) 37, 256 ; Colour Screens for Refracting Telescopes, T. J. J.

See and G. H. Peters, 37 ; Photometric Revision of Harvard
Photometry, 37 ; the Total Eclipse of the Sun, 54, 132, 398 ;

Charles P. Butler, 54; Sir Norman Lockyer, K.C.B., F.R.S.,

104 ; M. Deslandres, 233 ; a French Observation of the Total

Eclipse of the Sun, 183 ; the Total Eclipse Observed at Sea, Col.

E. E. Markwick, 183 ; the Total Solar Eclipse as Observed by
the Smithsonian Expedition, 246 ; Maximum Duration of a

Total Solar Eclipse, C. T. Whitmell, 64, 86 ; Duration of

Totality of Solar Eclipses at Greenwich, Chas. T. Whitmell,

269 ; the Dark Fringes Observed during Total Solar

Eclipses, V. Ventosa, 86 ; Actinometric Observations during

Solar Eclipse of May 28, 1900, J. Violle, 216 ; S. R.

Bennett, 263 ; the Solar Eclipse of May 28, Prof. Copeland
and Thomas Heath, 263 ; Eclipse Photography, Prof. Francis

E. Nipher, 246 ; the Next Total Eclipse of the Sun, 202 ;

the Total Eclipse of the Sun of May 17- 1 8, 1900, J. J. A
Muller, 389 ; Unpublished Observations at Radcliffe Observa-

tory, 1774-1838, Dr. A. A. Rambaut, 64; Rotation of Jupi-

ter and his Spots, Th. Bredikhin, 70 ; the Spectrum of /S-Lyroe

and Tj-Aquilte, A. Belopolsky, 70; Zenitho-nadiral Apparatus

for Measuring Zenithal Distances of Stars near Zenith. A.

Cornu, 95 ; Astronomical Occurrences in June, no; in July,

202 ; in August, 304 ; in September, 425 ; in October, 535 ; Ox-
ford University Observatory, Prof. H. H. Turnet, 1 10 ; Rousdon
Observatory,Devon,Sir C. E. Peek, no; Occultation of Saturn,

137 ; Harvard College Observatory, 137 ; Liverpool Observa-

tory, W. E. Plummer, 137 ; Temperature Control of Spectro-

graph, Prof W. W. Campbell, 137 ; Rotation Period of Venus,

Prof. A. Belopolsky, 160.; Jeremiah Horrocks and the Transit

of Venus, 257 ; Anomaly of Dichotomous Phase of Venus, E.

Antoniadi, 464 ; New Variable in Auriga, Dr. T. D. Anderson,

161 ; Photographic Observations of Satellite of Neptune,

M. S. Kostinsky, 161 ; the Perseid Meteoric Shower, W. F.

Denning, 173 ; the August Perseids of 1900, W. F. Denning,

398 ; Ancient Records of Meteor Showers, M. D. Eginitis,

203 ; Meteor of July 17, 305 ; Meteoric Theory of the Gegen-

schein, F. R. Moulton, 305 ; Velocities of Meteors, Dr. W. L.

Elkin, 398 ; the Daylight Meteor of Sunday, September 2,

W. F. Denning, 491 ; T. Rooke, 524 ; B. H. G. Lefroy, 524 ;

the Fireball of Sunday, September 2, 535 ; the Stability of a

Swarm of Meteorites and of a Planet and Satellite, Prof. A.

Gray, F.R.S., 582 ; New Variable Star in Cepheus, Madame
Ceraski, 183 ; the Kinetic Theory of Planetary Atmospheres,

Prof G. H. Bryan, F.R.S., 189; the Royal Observatory,

Greenwich, 233 ; Notes on Saturn and his Markings, W. F.

Denning, 237 ; Occultatlons of Saturn, 425 ; Rhythms and
Geologic Time, G. K. Gilbert, 275 ; New Variable

in Herculis, Madame Ceraski, 305 ; New Star in

Aguila, 305 ; Comet Borrelly-Brooks, 1900 b, 324,

352, 377. 535 ; G. Rayet and A. Ferand, 464 ;

Catalogue of Double Stars, Prof. S. W. Burnham, 324

;

Ephemeris of Comet 1894 IV. (Swift). 352 ; Comet Swift

(1894 IV.), 459 ; Variable Stars in Clusters, 352 ; the Astro-

graphic Chart Conference, 377 ; Determination of Solar

Parallax, 377 ; Observations of Stars, Capella as Double
Star, W. H. M. Christie, 383 ; Report of the Cape Observa-

tory, Sir David Gill, 398 ; Rousdon Observatory (Devon),

Variable Stars, T Cassiopeise and R Cassiopeia;, Sir C. E.

Peek, 398 ; Independent Day Numbers for 1902, 398 ; Stan-

dards for Faint Stellar Magnitudes, 398 ; Ring Nebula in

Lyra, 425 ; Orientation of the Field of View of the Siderostat

and Ccelostat, A. Fowler, 428 ; Death of Prof. J. E. Keeler,

456 ; Obituary Notice of, 497 ; the New Spectrographs

for the Potsdam Great Refractor, Prof. H. C. Vogel,

459 ; Structure and Composition of Two New Meteor-

ites, G. P. Merrill, H. N. Stokes, 459; Latitude

Variation, Earth Magnetism and Solar Activity, Dr. J.

Halm, 460; Apparent Semi-Diameter of Sun, Ch.
Andre and Ph. Lagrula, 464 ; Swift's Comet (1892 I.). Prof.

W. Pickering, 501; Astronomischer Jahresbericht, W. F.

Wislicenus, 553 ; a Night with the Great Paris Telescope,

C. P. Butler, 574; New Planetary Nebula, R. G. Aitken,

606 ; Paris Observatory Annual Report, M. Loewy, 606 ; New
Double Stars, R. G. Aitken, 630 ; Astronomical Work at

Daramona Observatory, W. E. Wilson, 630
Astrophysics : Escape of Gases from Planetary Atmospheres,

S. P. Cook, 54; Dr. G. Johnstone Stoney, F.R.S., 78;
Comets and Corpuscular Matter, F. H. Loring, 80

Atkinson (Dr. Edward), Death and Obituary Notice of, 34
Atkinson (Prof. George F.), Lessons in Botany, 30
Atlantic Ocean, North, on the Weather of the, during the Winter

1898-9 ; Captain Campbell Hepworth, 563
Atlas of Urinary Sediments, Dr. Hermann Riedel, 53
Atmosphere, the Carbonic Anhydride of the. Prof. E. A. Letts,

R. F. Blake, 387
Atmospheres, Planetary, the Kinetic Theory of, Prof. G. H.

Bryan, F.R.S., 126
Atmospheric Electricity, C. T. R. Wilson, 149 ; John Aitken,

F.R S., 366
Atmospheric Electricity and Dew-ponds, Arthur Marshall, 495
Atmospheric Resistance, Specially built Train for Experiment

on, 200
Atmospherical Circulation, Dynamical Theory of. Prof. V.

Bjerknes, 200
Atwater (Prof. W. O.), Dietary Studies of Harvard and Yale

University Boat Crews, 232
Atwood (W. W.), the Geography of the Regions about Devil's

Lake and the Dalles of the Wisconsin, 172
Auerbach (F.), Hardness of Metals, 639
August Perseids of 1900, the, W. F. Denning, 398
Auriga, New Variable in. Dr. T. D. Anderson, 161

Australia : a Key to the Birds of Australia and Tasmania, with
their Geographical Distribution in Australia, R. Hall, 6

;

Fungus Diseases of Citrus Trees in Australia and their Treat-

ment, D. McAlpine, 494 ; Catalogue of Eastern and Aus-
tralian Lepidoptera Heterocera in the Collection of the Oxford
University Museum, 548 ; the Peopling of Australia, John
Mathew, 549 ; Sidney H. Ray, 621

Automatic Photography of the Corona, Prof. C. Burckhalter,

535
Automobile Trials at Paris Exhibition, 158
Automobiles, the Musker Steam Motor Waggon, 554
Autotomic Curves, A B. Basset, F.R.S., 572
Autumn Tints, Leaf Decay and, P. Q. Keegan, 523
Ayrton (Prof. W. E., F.R.S.), Electrical Power Distribution,

296 ; a Recollection of King Umberto, 320 ; Relative Advan-
tages of Alternate and Continuous Current for General
Electrical Supply, with regard to Interference with other in-

terests, 416

Babies, Human, What they Teach, S. S. Buckman, 221
Babylon, the Reports of the Magicians and Astrologers of
Nineveh and, R. C. Thompson, 51

Babylonians and Assyrians, Life and Customs, Rev. A. H. Sayce,

289
Bacchus (Ramsden), the Forthcoming Meeting of the British

Association at Bradford, 156, 300, 392, 439
Bacteriology : the Principles of Bacteriology, Dr. Ferdinand
Hueppe, Dr. A. C. Houston, 73 ; Bacteriological Method
of Exterminating Rats, J. Danysz, 84 ; the Bacterial Treat-

ment of Sewage, Dr. Frank Clowes, Dr. Houston, 128;
Micro-Organisms and Fermentation, Alfred Jorgensen, 195 ;

Influence of Temperatures of Liquid Hydrogen on Bacteria,

Allan Macfadyen and Sydney Rowland, 286 ; Bacillus An-
thracis Brevigemmans, C. Phisalix, 408 ; Living Light,

Raphael Dubois, 464 ; the Structure and Functions of Bac-
teria, Alfred Fischer, Dr. A. C. Houston, 465 ; Tobacco,

576 ; the Melbourne University Laboratory, 578
Baeyer (Herr), the New Hydride of Benzoyl Superoxide, 202 ;

the Action of Permanganate on Hydrogen Peroxide, 629
Bailey (Dr. G. H.), Elements of Qualitative Analysis, 412
Bailey (L. H.), the Amateur's Practical Garden Book, loi

Bailey (V.), Field-mice (North American Voles), 232
Baily (Prof. F. G.), on a Lecture-room form of Volt and
Ammeter, 563



VI Index [Nature,
Decetuber 13, 1900

Baker (R. L), New Meteorite from New South Wales, 384
Baker (T. J.), a Surface-Tension Experiment, 196
Balachowsicy (Dmitri), Electrolytic Estimation of Bismuth, 312 ;

Electrolytic Estimation of Cadmium, 384
Balances, Thermal Deformation of, T. Middel, 211
Balfour (Right Hon. A. J.) on Scientific Progress, 358
Ballistics, some Modern Explosives, Sir Andrew Noble, K.C.B.,

F.R.S., 86, III

Bamber (E. F.), Electricity Direct from Coal, 437
Bamberger (Prof.), Products of Nitroso-Benzene, 304
Bamboo Manna, David Hooper, 127
Banks (Right Hon. Sir Joseph), Illustrations of the Botany of

Captain Cook's Voyage Round the World in H.M.S. .£«-

ij'tfaz'OMr in 1768-71, 547
Barker's (J. H.) Combined Integrating Wattmeter and Maximum
Demand Indicator, 610

Barnard (R. J. A.), the Annual March of Temperature, 579
Barnes (Prof. Charles Reid), Outlines of Plant-Life, with Special

Reference to Form and Function, 30
Barnes (J.), the Depression of the Freezing-point in Salts Con-

taining a Common Ion, 64
Barnett (W. G.), Quaternion Methods applied to Dynamics, 174.

Barometer, on a Novel Form of Mercurial, A. S. Davis, 562
Barrett (Mr.), the Cape Colony Fruit- Moth, 119
Barrett (Charles G.), Lepidoptera of the British Islands, 317
Barus (C. ), Method of Studying Diffusion of Air thr ough Water,

210
Basset (A. B., F.R.S.), on the Result that a Quintic Curve can-

not have more than Fifteen Real Points of Inflexion, 561 ;

Autotomic Curves, 572
Bataillon (E.), Experimental Parthogenetic Segmentation in

Amphibia and Fish, 288
Bather (P\ A.), a Manual of the Echinoderms, 545
Bathymetrical Survey of the Fresh-water Lochs of Scotland,

Sir John Murray, K.C.B., F.R.S., and Fred. P. Pullar, 65,
263

Batrachia, Unusual Modes of Development in. Miss Sampson,
605

Baud (E.), Action of Anhydrous Aluminium Chloride on Acety-
lene, 96

Bauer (Dr. L. A.), Magnetic Observations during Solar Eclipses,

302
Bawden (H. H.), Mental Lapses, 108
Baxter (G. P.), the Atomic Weight of Iron, 160
Bay of Biscay, the Plankton of the, G. Herbert Fowler, 317
Bayley (R. C), Photography in Colours, 195
Beal (F. E. L.), the Bobolink as a Rice-Pest, 605
Beard (W. F.), the Reform of Mathematical Teaching, 466
Beattie (Prof. J. C), Electrical Leakage from Charged Bodies,
360

Beaulard (F.), the Viscosity of Dielectrics, 47
Beazeley (Alexander), the Reclamation of Land from Tidal
Waters, 266

Becquerel (Henri), the Radiation of Uranium, 191 ; the
Uranium Radiation, 312

Becquerel Rays, Sources and Properties of. Prof. G. H. Bryan,
F.R.S., 151

Beddard (Frank E., F.R.S ), Vibrissse on the Forepaws of
Mammals, 523

Beddoe (Dr. John), on the Vagaries of the Cephalic Index, 633 ;

on the Anthropology of West Yorkshire, 635
Beddow (F.), Condensation of Phenols with Ethyl Phenyl-

propiolate, 215
Beecher (C. E.), Restoration oi Stylonttriis Lacoanns, 432
Beetle, the Tiger, Fred. Enock, 208
Beeton (M.), Correlation between Life Duration and Number of

|

Offspring, 381
Behr (F. J.) on the Proposed Mono-rail High Speed Electric

Railway between Manchester and Liverpool, 610
Behrendsen (O.), Behaviour of Radium at Low Temperatures,

335
Bell (A. M,), on the Occurrence of Flint Implements of Pa-

liEothic Type on an old Land Surface in Oxfordshire, 636
Bellamy (V), the Salt Lake of Larnaca, 94
Belopolsky Prof. A. ), the Spectrum of yS Lyrte and tj Aquilas,

70 ; Rotation Period of Venus, 160
Bennett (S. R.), Actinometric Observations of So Jar Eclipse of

May 28, 263
Benzene, Report of the Committee of the British Association on

Isomeric derivatives of, 567

Berg (Dr. Otto), Significance of Kathode Rays in Connection
with Mechanism of Discharge, 628

Berget (Alphonse), Demonstration of Earth's Rotation with one
metre long Pendulum, 288 ; Apparatus for Measuring Geodetic
Bases, 408

Bermudas, Geology of, A. E. Verrill, 92
Berthelot (Daniel), Nitric Acid Formation during Combustion,

1 19, 143 ; Nitric Acid Formation in Combustion of Hydrogen,
216 ; Boiling Points of Zinc and Cadmium, 384 ; Egyptian
Gold, 464 ; Products and Decomposition of Nitric Esters and
Nitroglycerine by Alkalis, 544 ; Absorption of Free Oxygen
by Normal Urine, 592

Bertrand (Gabriel), Erythrulose, a new Sugar, 85 ; ^—Erythrite,

144
Bessey (Prof. C. E.), Age of Big Trees of California, 627
Beyerinck (Prof.), Indigo Fermentation, 47
Biffen (R. H.), on the Life History of Acrospeira mirabilisy

613
Big Game in Africa, the Preservation of, E. N. Buxton, 550
Binet (Alfred), the Psychology of Reasoning, 388
Binnie (W. T. E), on a New Form of Self Registering Rairi

Gauge, 610
Biology : Histologische Beitrage, Heft IV. E. Strasburger, Prof.

J. B. Farmer, 28; Biology as an "Exact" Science. The
Grammar of Science, Prof Karl Pearson, F.R.S., 49; All-

gemeine Biologie, Prof. Dr. Max Kassowitz, Prof. H.
Marshall Ward, F.R.S, 217 ; Facts of Inheritance, Prof. J.
Arthur Thompson, F.R.S., 331 ; Textbook of Zoology,
treated from a Biological Standpoint, O. Schmeil, 386

;

Probleme Kritische Sttidien uber den Monismus, Dr. H. v
Schoeler, 435 ; Tobacco, 576 ; Genesis of the Vertebrate
Column, Herbert Spencer, 620 ; on the Biology and Cytology
of Pythium, Prof. Trow, 613; M. Poirault, 613; E. J.
Butler, 6I3 ; Marine Biology, Fixation of Clay in Suspension
in Water by Porous Bodies, J. Thoulet, 191 ; Annual
General Meeting of Marine Biological Association, 230 ; Use
of Diver for Collection of Specimens, 253 ; the Plankton of
the Bay of Biscay, G. Herbert Fowler, 317 ; the Cruise and
Deep-Sea Exploration of the Siboga in the Indian
Archipelago, 327 ; Deep Sea Deposits from Valdivia Ex-
pedition, Sir John Murray and Dr. Philippi, 360 ; Biological

Lectures from the Marine Laboratory at Wood's Holl, U.S.A.,
for 1899, 411 ; Place of Copepoda in Nature, Isaac C.
Thompson, 498

Birch Trees, Disease of, in Epping Forest and Elsewhere, Robt.
Paulson, 599

Bird Life, the Study of, W. P. Pycraft, 221
Birds, a Key to the Birds of Australia and Tasmania, with their

Geographical Distribution in Australia, R. Hall, 6 ; Racket
Feathers, L. W. Wiglesworth, 54 ; the Reviewer, 54 ;

British Birds, C. W. Wyatt, 100 ; Our Native (American)
Birds, D. Lange, 100 ; among the Birds in Northern Shires,

Charles Dixon, 177 ; Change of Feeding Habits of Rhino-
ceros-birds in British East Africa, Prof. E. Ray Lankester,
F.R.S., Capt. Hinde, 366; the Birds of Surrey, J. A.
Bucknill, 339 ; the Migration of Swifts, William Andrews,
436 ; on the Migration of British Birds, Eagle Clarke, 588 ;

Tenacity of Life of the Albatross, Prof. John Perry, F.R.S.,
621 ; Captain Wm. J. Reid, 621

Birmingham, the University of, 141

Bison, the Wood, J. A. Allen, 35
Bjerknes (Prof. V.), Vorlesungen iiber hydrodynamische

Fernkrafte nach C. A. Bjerknes' Theorie, 3 ; Dynamical
Theory of Atmospherical Circulation, 200

Black Sea, Physical, Chemical and Biological Conditions of,

Sir John Murray, 191

Blackman (W. L.), Estimation of Nitrogen Chloride and
Bromide Derivatives of Ortho- and Para-acet-toluide, 71

Blake (Rev. J. F.), on the Registration of Type Specimens,

587
Blake (R. F.), the Carbonic Anhydride of the Atmosphere,

387 ; on some Problems connected with Atmospheric Carbonic

Anhydride and on a New and Accurate Method of determining

its Amount, 566
Blanc (G.), /8-phenyland jS-benzyl-o-alkoxy-o-cyanoacrylic Acids,

191 ; Synthesis of ao-dimethyl-7-cyanotricarballylic Ester, 264
Blondel (A. ), Maximum Sensitiveness in Coherers for Wireless

Telegraphy, 23
Blood, Histology of the, Normal and Pathological, P. Ehrlich

and A. Lazarus, Dr. T. H. Milroy, 410



Nature, T
Decembtr 13, 1900 J

Index Vll

Blood, Historical Aspects of the Discovery of the Circulation of

the, Prof. T. Clifford Allbutt, F.R.S., 630
Bloomer(H. H.). the Reparative Power of the Pond-Mussel, 274
Bodroux (F.), Direct Production by Wet Method of Crystalline

Mercuric and Mercurous Iodides, 191
Bois (H. du), Magnetic Screening for Galvanometers, ?ii

Bolas (Thomas), a Handbook of Photography in Colours, 434
BoUettino della Societa Sismologica Italiana, 93, 286
Bombay, Earthquake in, 578
Bonney (Prof. T. G., F.R.S.), Snow-Drifts on Ingleborough,

412 ; Memoirs of the Geological Survey of the United
Kingdom: The Cretaceous Rocks of Britain, vol. L, the

Gault and Upper Greensand of England, A. J. Jukes-
Browne, 617

Bore, the Severn, \'aughan Cornish, 126
Borneo, on Relics of the Stone Age in, Dr. A. C. Haddon,

637 ; Dr. C. Hose, 637
Borrelly- Brooks, Comet, 1900 b., 324, 352, 377, 535 ; G.

Rayet and A. Ferand, 464
Buse (Prof. Jagadis Chunder), Electric Touch and Molecular
Changes produced by Electric Waves, 335 ; on the Effect of

Electrical Stimulus on Organic and Inorganic Substances, 564
Botany: Death of Prof. Kyokichi Yatabe, 15; Lessons in

Botany, Prof. George F. Atkinson, 30 ; Outlines of Plant

Life with Special Reference to Form and Function, Prof.

Charles Reid Barnes, 30 ; Note on some Blue and Red
Pigments, Prof. T. D. A. Cockerell, 31 ; the High-Level
Flora of Tibet, W. B. Hemsley, 46 ; the Flora of the

Andes, H. H. W. Pearson, 46 ; Linnean Society, 46, 143,

215, 262 ; Indigo Fermentation, Prof. Beyerinck, 47 ; Indican,

J. Hazewinkel, 47 ; Prof. Hoogewerff and H. ter Meulen,

47 ; Modifications of Structure in Cells in True Fermenta-
tion, MM. L. Matruchot and M. Molliard, 47 ; Object
Lessons in Botany from Forest, Field, Wayside and- Garden,
Edward Snelgrove, 53 ; Codium, 63 ; Ousounify, a New
Edible Tuber from the Soudan, Maxime Cornu, 72 ; the
Textile Uses of Peat, Herr Zschorner, 108 ; Composition of

Albumen of St. Ignatius and Nux Vomica Beans, Em.
Bourquelot and J. Laurent, 120; Reserve Carbohydrates of

St. Ignatius Bean and Nux Vomica, Em. Bourquelot and

J. Laurent, 336 ; Bamboo Manna, David Hooper, 127

;

Rubber Cultivation in Samoa, 136; Rubber Forests in Peru,

578 ; Effect of Iron upon the Growth of Grass, 151 ; Plant
Hybrids, Wilfred Mark Webb, 174 ; Variations in Plants of
the Herb Paris, Miss L. Eleanor J ex Blake, 174; Death of
W. P. Sladen, 179 ; Mummy Cereals, Edmond Gain, 191 ;

Insect Visitors to Iris, Prof. J. G. Needham, 201 ; Static

Diffusion of Gases and Liquids in relation to Carbon-
assimilation and Translocation in Plants, H. T. Brown, F.R.S.,
and F. Escombe, 212 ; Reserve Carbohydrates in Seed of

Trifoliujii repens, H. Herissey, 216; Diatomacese of Lakes
Brianza and Segrino, Dr. Benedetto Corti, 232 ; the Poison
of Lotus Arabiats, W. R. Dunstan, F.R.S , and T. A.
Henry, 238 ; Journal of Botany, 260, 520 ; Composition of

Albumen of Gleditschia triaccinthos Seed, Maurice Goret,

264 ; the Origin of the British Flora, Clement Reid, F.R.S.,
268 ; Action of Dry and Moist Air on Plants, M. Eberhardt,

312 ; Influence of Dry Air on Plant Structure, M. Eberhardt,

520 ; Le Cafe, Culture— Manipulation—Production, Henri
Lecomte, 338 ; Untersuchungen ueber d. Vermehrung d.

Laubmoose durch Brutorgane und Stecklinge, Dr. Carl
Correns, 339; Recent Investigations on Rust of Wheat,
William G. Smith, 352 ; Electrical Effect of Light on Green
Leaves, 358 ; Die Glykocide, Dr. J. J. I. Van Rijn, 363 ;

Amyl Ester of Eudesmic Acid in Eucalyptus Oils, H. G.
Smith, 384 ; the Trembling of the Aspen Leaf, Henry J.
Colbourn, 436 ; Action of Total Pressure of Carbon Dioxide
on Assimilation by Chlorophyll, Jean Friedel, 464 ; Fungus
Diseases of Citrus Trees in Australia, and their Treatment,
D. McAlpine, 494 ; Missouri Botanical Garden, Eleventh
Annual Report, 495 ; Large Puff Balls, W. A. Sanford, 496 ;

Wood of Peat Bog Conifers, L. G. de Lamarliere, 520 ; Leaf
Decay and Autumn Tints, P. Q. Keegan, 523 ; Illustrations

of the Botany of Capt. Cook's Voyage round the World in

H.M.S. Endeavour in 1768-71, Rt. Hon. Sir Joseph
Banks and Dr. Daniel Solander, with Determinations by
James Britten, W. Botting Hemsley, F.R.S. , 547; Pflanzen
und Tierverbreitung, Prof. Alfred Kirchhoff, Dr. Otto Stapf,

569 ; Agricultural Botany, John Percival, 570 ; Ascent of
5ap, Dr. Henry YL Dixon, Prof! J. Joly, F.R.S., 572;

Tobacco, 576 ; Oxycelluloses from Cotton, Flax and Hemp,
Leo Vignon, 592; Mutability of (Enothera Lamarckiana,

Hugo de Vries, 592 ; Flora of Bournemouth, including the

Isle of Purbeck, E. F. Linton, 598 ; Further Investigations

of Xenia in Maize, Herbert J. Webber, 601 ; Age of Big

Trees of California, Prof. C. E. Bessey, 627 ; Proteolytic

Ferment of Germinating Seeds, V. Harlay, 639 ; New South
Wales Linnean Society, 640

Bottomley (W. B.), on Bradford Sewage and its Treatment, 568
Bottone (S. R. ), Wireless Telegraphy and Hertzian Waves, 522
Bougault (J. ), Oxidation of Anethol and Analogues, 240

;

Action of Iodine and Yellow Oxide of Mercury on Styrolene

and Safrol, 544
Bourcet (P.), Iodine in Organism, 384 ; Presence of Iodine in

Blood, 216
Bourget (Prof. Henry), a Surface-tension Experiment, 269
Bourne (G. C), an Introduction to the Study of the Compara-

tive Anatomy of Animals, 364
Bournemouth, Flora of, including the Isle of Purbeck, E. F.

Linton, 598
Bourquelot (Em.), Composition of Albumen of St, Ignatius and
Nux Vomica Beans, 120; the Reserve Carbohydrates of St.

Ignatius Bean and Nux Vomica, 336 ; Preparation of Gento-
picrine and Glucoside from Fresh Gentian Root, 288

Boutan (M.), Death of, 179
Bouty (E.), Dielectric Cohesion of Gases, 432; Dielectric Co-

hesion and Explosive Fields, 464
Bouveault (L.), Method for Preparing Synthetically Higher
Homologues of Acetolacetic Ester and Acetylacetone, 264

Bower (Prof), the Sand-binding Plant of the Dunes on the

Scotch Coast near Berwick, 61

1

Bowman (H. L.), Properties of Crystals yielding Doubly Refract-

ing Liquids on Fusion, 68
Boyle (David), on the Paganism of the Iroquois of Ontario, 635
Brace (Prof. D. B. ), Observation of the Circular Components in

the " Faraday Effect," 368
Bradford Meeting of the British Association, the, Ramsden

Bacchus, 156, 3CX), 392, 439 ; the Sectional Programmes, 369
Bradford Sewage and its Treatment, on, F. W. Richardson,

567 ; W. Leach, 568 ; W. B. Bottomley, 568
Brain, Microcephalic, on the. Prof. J. D. Cunningham, 633
Brazil, Indian Burial Caves on Rio Cunany, Dr. Goeldi, 500
Bredikhin (Th.), Rotation of Jupiter and his Spots, 70
Bredt (Prof. J.), on the Constitution of Camphor, 567
Brindley (H. H.), Abnormalities of Limbs and Tail of Dipnoean

Fishes, 215
Britain : a Tour through Great Britain in 1727, S. L, Petty,

496 ; Memoirs of the Geological Survey of the United King-
dom. The Cretaceous Rocks of Britain, vol. i. The Gault

and Upper Greensand of England, A. J. Jukes Browne,
Prof. T. G. Bonney, F.R.S., 617

British Association, the Bradford Meeting of the. Preliminary

Arrangements, 369; Ramsden Bacchus, 156, 300, 392,

439 ; Inaugural Address by Prof. Sir William Turner,

F.R.S., President of the Association, 440; Report on the

Proceedings in Section A, Mathematics, E. T. Whittaker,

561 ; Report on the Proceedings in Section A, Physics,

Dr. C. H. Lees, 562; Report on the Proceedings in Section

A, Astronomy, A. Fowler, 565
Section A {Mathematics and Physics).—Opening Address by

Joseph Larmor, F.R.S., President of the Section, 449;
Report of the Committee for Calculating Tables of certain

Mathematical Functions, 561 ; Report of Miss F. Hard-

castle on the Present State of the Theory of Point Groups,

561 ; Major MacMahon on a Property of the Characteristic

Symbolic determinant of any n quantics in n variables,

561 ; Prof, Cyparissos Stephanos sur les Relations entre la

Geometric Projective et la Mecanique, 561 ; Mr. H. S.

Carslaw on the Use of Multiple Space in Applied Mathe-
matics, 561 ; Lieut. -Colonel Cunningham and Mr. H. J.

Woodall on the Determination of Successive High Primes,

561 ; Dr. J. Willis on the Construction of Magic Squares,

561 ; Major MacMahon on the Asyzygetic and Perpetuant

Co-variants of systems of Binary Quantics, 561 ; Major
MacMahon on the Symbolism appropriate to the study of

Orthogonal and Boolian Invariant Systems which appertain

to Binary and other Quantics, 561 ; Mr. A. B. Basset,

F.R.S , on the result that a Quintic Curve cannot have more
than Fifteen Real Points of Inflexion, 561 ; Dr. Trouton

on the Creeping of Liquids and on the Surface Tension of



VIU Index [Nature,
December 13, 1900

Mixtures, 562 ; Prof. G. H. Bryan on the Partition of Mole-
cular Energy, 562 ; Prof. Fitzgerald, 562 ; Dr. Larmor on
the Results of his Application of the Principle of Least
Action to the Statistical Dynamics of Gas Theory, as illus-

trated by Meteor Swarms and Optical Ray Systems, 562 ;

Report of the Seismological Committee, 562 ; Dr. Larmor
on the Relation of Radiation to Temperature, 562 ; Prof,

Fitzgerald, 562 ; Dr. S. P. Langley's Chart of the Infra-red

Spectrum from 7 to 5 '3/11 obtained by the Bolometric
Method, 562 ; Report of the Committee on Meteorological

Phenomena, 562 ; Report of the Committee on Solar Radia-
tion on Experiments by Prof. Callendar on the Modified
Copper-cube Actinometer, 562 ; Mr. A. S. Davies on a

Novel Form of Mercurial Barometer, 562 ; Mr. , A. L.

Rotch on the Use of Kites for Meteorological Observations,

563 ; Captain Campbell Hepworth on the Weather of the

North Atlantic Ocean during the Winter 1898-9, 563 ; Mr.

J. W. Thomas on the Physical Effects of Wind in Towns
and their Influence upon Ventilation, 563 ; Mr. J. Hopkin-
son on the Rainfall of the Northern Counties of England,

563 ; Mr. G. E. Petaval's Apparatus for Experiments on
the Explosive Pressures of Gases, 563 ; Mr. J. W. Gifford's

Quartz-calcite Lens with Identical Visual and Photographic
Focus, 563 ; Messrs. A. Dufton and W. M. Gardner's
Arrangement for producing Artificial Light of the same
Character as Daylight, 563 ; Mr. H. Ramage's Method of

Investigating Correspondences between Spectra, 563 ; Mr.
G. J. Burch's Experiment on Simultaneous Contrast, 563 ;

Report of the Committee for improving the Method of

Determining Magnetic Force on Board Ship, 563 ; Report
of the Committee on Radiation in a Magnetic Field, 563 ;

Report of the Electrical Standards Committee on the
Removal of the Standards to Kew, 563 ; Mr. R. S. Whip-
ple's Improved Standard Resistance Coils, 563 ; Mr. E. H.
Griffith's Form of Wheatstone Bridge for Determining the

Freezing-points of Dilute Solutions by Platinum Thermo-
metry, 563 ; Mr. R. Threlfall, 563 ; Prof. F. G. Baily on a
Lecture-room Form of Volt- and Ammeter, 563; Prof.W. B.
Morton's Results obtained by applying J. J. Thomson's and
Sommerfeld's Solution of the Propagation of an Electric

Wave along a Single Wire, 563 ; Mr. S. H. Burbury on the

Vector Potential of Electric Currents in a Field where Dis-
turbances are propagated with Finite Velocity, 563 ; Sir

William PI. Preece on Wireless Telegraphy, 564 ; Prof.

G. F. Fitzgerald on Cremieu's Experiment, 564 ; Dr. J.
Larmor, 564 ; Prof. J. Chunder Bose on the Effect of
Electrical Stimulus on Inorganic and Organic Substances,

564 ; Report of the Committee on Electrolysis and Electri-

cal Chemistry, 564 ; Prof. G. F. Fitzgerald on Ions, 564 ;

Dr. J. Larmor, 564 ; Prof. H. E. Armstrong, 564 ; Mr.
Whetham, 564 ; Prof. Oliver J. Lodge, 564 ; Mr. W. J. Pope,

564 ; Dr. H. C. Pocklingion on the Radiation of a Black
Body on the Electro-magnetic Theory, 564 ; Mr. C. E. S.
Phillips on the Apparent Emission of Kathode Rays from
an Electrode at Zero Potential, 564; Mr. J. B. B. Burke
on the Phosphorescent Glow in Gases, 564

Section A {Department of Astronomy).—Opening Address by
Dr. A. A. Common, F.R.S., Chairman of the Department,
471 ; Prof. Todd on the Application of the Electric Tele-
graph to the furtherance of Eclipse Research, 565 ; Prof.

Todd on Operating Eclipse Instruments Automatically, 565 ;

Prof. Todd on the Use of a Wedge of Yellow Optical Glass
in giving correctly Graduated Photographic Exposures of
the Partial Phases of an Eclipse and the Corona, 565 ; the
Rev. A. L. Cortie on the Classification of Sun Spots, 565 ;

Prof. Turner on a Cheap Form of Micrometer for determin-
ing Star Positions on Photographic Plates, 565 ; Dr. W. J.
Lockyer's Comparison of the Details of the Prominences
and Corona on Photographs of the recent Eclipse taken by
Prof. Langley in America, and Sir Norman Lockyer in

Spain, 565 ; Mr. A. R. Hinks on the New Form of Refract-
ing Telescope recently erected at Cambridge, 565 ; Mr.
A. R. Hinks on Preparations for determining the Solar
parallax by Observations of Eros, 565 ; Prof. Turner, 565 ;

Mr. W. E. Plummer on Some Points connected with the
Photography of a Moving Object, 565 ; Mr. A. R. Hink§,

565 ; Mr. John Herschel on his Method of Observing and
Recording the Paths of Meteors, 565 ; Mr. C. T. Whuwell
on the Duration of Totality of the Solar Eclipse of May 28,

1900, 566

Section B {Chemistry).—Opening Address by Prof. W. H.
Perkin, F.R.S., President of the Section, 476 ; Report of

the Committee on the Teaching of Science in Elementary
Schools, 566 ; Dr. Letts and Mr. R. F. Blake on some
Problems Connected with Atmospheric Carbonic Anhydride
and on a New and Accurate Method of Determining its

Amount, 566 ; Mr. W. Ackroyd on the Distribution of
Chlorine in West Yorkshire and on the Limiting Standard
of Acidity for Moorland Waters, 566; Dr. T. W. Hlme
on the Effects of Copper on the Human Body, 566 ; Prof.

H. B. Dixon and Mr. F. W. Rixon on the Specific Heat
of Gases up to a Temperature of 400°, 566 ; Mr. F. H.
Neville on the Chemical Compounds contained in Alloys,

566 ; Prof. J. A. Ewing and Mr. W. Rosenhain on the
Crystalline' Structure of Metals, 567 ; Messrs. H. J- H.
Fenton and H. O. Jones on a Simple Method of Com-
paring the " Affinities " of Certain Acids, 567 ; Mr. W\ J.
Pope on Recent Developments in Stereochemistry, 567 ;

Prof. J. Bredt and Prof. Ossian Aschan on the Constitution
of Camphor, 567 ; Report of the Committee on Isomeric
Naphthalene Derivatives, 567 ; Report of the Committee
on Isomeric Derivatives of Benzene, 567 ; Dr. J. B. Cohen
and Mr. H. D. Dakin on the Chlorination of the Aromatic
Hydrocarbons and the Constitution of the Dichlorotoluenes,

567 ; Mr. C. F. Cross on the Action of Caro's Reagent on
Furfural, 567 ; Mr. T. Fairley on the Heating and Light-
ing Power of Coal Gas, 567 ; Dr. A. Liebmann on the
Recent Improvement in the Textile Industries, 567 ; Mr.
F. W. Richardson on Bradford Sewage and its Treatment,

567 ; Mr. W. Leach, 568; Mr. W. B. Bottomley, 568
Section C {Geology).—Opening Address by Prof. W. J. Sollas,

F.R.S., President of the Section, 481 ; Prof. W. B. Scott
on Recent Explorations in Patagonia, 587 ; Prof. J. Milne's
Report of the Seismological Committee, 587 ; Mr. S. W.
Cuttriss on the Pot-holes and Caves of the Mountain Lime-
stone Districts of North-west Yorkshire, 587 ; the Rev.
W. Lower Carter and Mr. A. R. Dwerryhouse on the
Subterranean Drainage of the Limestone, 587 ; Mr. E.
Greenly on the Ancient Peneplains in North Wales, 587 ;

Dr. G. Abbott on the Concretionary Structures of the
Magnesium Limestone of Durham, 587 ; Prof. W.

J. Sollas,

F.R.S., on a Concealed Coalfield beneath the London
Basin, 587 ; Mr. R. H. Tiddeman on the Formation of
Reef-knolls, 587 ; Mr. J. E. Marr, 587 ; Mr. W. Gibson
on Rapid Changes in the Thickness and Character of the
Coal-measures of North Staffordshire, 587 ; the Rev. J. F
Blake on the Registration of Type Specimens, 587 ; Mr
R. Kidston on Plant-life during the Growth of the Coal
measures, 587 ; Mr. A. Strahan on the Physical Condition
during the Growth of the Coal-measures, 587; Mr. J. E.
Marr on the Geological Evidence of the Conditions under
which Coal was Formed, 588 ; Dr. Horace Brown, 588

;

Prof. P. F. Kendall, 588 ; Mr. R. D. Oldham, 588 ; Mr.

J. J. H. Teall on the Plutonic Complex of Cnoc-na-Sroine
(Sutherlandshire), 588 ; Prof. K. Busz on a Granophyre
Dyke Intrusive in Gabbro at Ardnamurchan (Scotland),

588 ; Prof. A. P. Coleman on the Recent Discovery of a
Ferriferous Horizon in the Huronian North of Lake
Superior, 588 ; Mr. F. W. Harmor on the Influence of
Winds upon Climate during Past Epochs, 588 ; Dr. Monck-
man, Mr. E. Wilson, Mr. A. Jowett, Mr. H. B. Muff,
on the Glacial Phenomena of the West Riding, 588 ; Mr,

J. W. Stather on the Glaciation of the East Riding, 588

;

Mr. R. H. Tiddeman on the Raised Beach of Gower in

South Wales, 588 ; Mr, R. D. Oldham on the Mode of
Formation of the Basal Carboniferous Conglomerate of
Ullswater, 588 ; Mr. R. D. Oldham on the Formation of
New Beaches on the Shores of Thirlmere Reservoir, 588 ;

Mr. G. W. Lamplugh on the Evidence as to the Age of
the English Wealden Series, 588

Section D {Zoology).—0\y&xi\n^ Address by Ramsay H. Tra-
quair, F.R.S., 502; Mr. Eagle Clark on the Migration of
British Birds, 588 ; Mr. R. C. L. Perkins on the Zoology
of the Sandwich Islands, 589 ; Prof. W. B. Scott on the
Miocene Fauna of Patagonia, 589 ; Dr. Gregg Wilson's
Exhibit of Eggs and Embryos of Ornithorhyncus, 589

;

Major Ronald Ross on Malaria and Mosquitoes, 589;
Prof. S. J. Hickson on Dendrocometes, 589 ; Dr. J. F.
Gemmill on the Anatomy of the Head in Cyclopean Trout
Embryos, 589 ; Prof. R. Burckhardt on Some Causes of



Nature, T
December 13, 1900 J

Index

Brain-configuration in Selachians, 589 ; Prof. Marcus
Hartog on a Peptic Zymase in Young Embryos, 589 ; Dr.

R. Irvine on the Mechanical and Chemical Changes which
take place during the Incubation of Eggs, 589 ; Prof.

Gotch on the Physiological Effect of Local Injury in

Nerve, 5S9 ; Mr. R. T. Glinther on Mnestra parasites,

589 ; Prof L. C. Miall on the Respiratory Organs of

Aquatic Insects, 589 ; Report of the Committee on the

Structure, Formation and Growth of the Coral Reefs of

the Indian Ocean, Mr. Stanley Gardiner, 589-90 ; Prof.

R. Burckhardt on the Anatomy and Systematic Position

of the Laemaroidae, 590 ; Mr. N. Annandale on the

Appearance and Habits of Some Malay Insects, 590 ; Prof.

E. B. Pouiton's Photographs illustrating the General

Principles of Miillerian Mimicry, 590 ; Prof. Lloyd Mor-
gan's Experiments on the Avoidance of Distasteful Forms
by Birds, 590 ; Messrs. F. W. Gamble and F. W. Keeble

on the Colour Changes of Various Prawns, 590
Section E {Geography).— Presidential Address by Sir George

Robertson, 590 ; Mr. E. G. Ravenstein on Foreign and
Colonial Surveys, 590 ; Colonel Johnson, 590 ; Colonel

Sir Thomas H. Holdich on the Question of a Railway
Connection between Europe and India, 590 ; Mr. G. C.

Chisholm on the Probable Economic Changes following

the Development of the Resources of China, 590 ; Report

of the Committee on the Climate of Tropical Africa, 590 ;

Mr. E. G. Ravenstein on the Geographical Distributions

of Relative Humidity, 590 ; Mr. R. T. Giinther on the

Coast of the Phlegrtean Fields near Naples, 591 ; Dr.

H. R. Mill on Profs. Pettersson and Nansen's New In-

sulating Water-bottle, 591 ; Dr. H. R. Mill on the Treat-

ment of Regional Geography, 591 ; Mr. T. G. Rooper on

the Teaching of Geography in the Elementary Schools of

the West Riding, 591 ; Mr. E. R. Wethey's Method of

Teaching Geography, 591
Section F {Economic Science and Statistics).—Opening Ad-

dress by Major P. G. Craigie, 509
Section G {Mechanical Science).—President, Sir Alexander

Binnie ; Prof. Hele Shaw on the Question of the Resist-

ance of Road Vehicles to Traction, 609 ; Mr. J. Watson
on the Nidd Valley Waterworks of Bradford, 609 ; Mr. J.
MacTaggart on the Disposal of House Refuse in Bradford,

609 ; Mr. E. K. Clark on the Construction of Shop
Buildings in Large Engineering Works, 610 ; Mr. Glass

on the Coal and Iron Ore Fields of Shansi and Honan,
610 ; Sir Wm. Preece and Mr. F. J. Behr on the Proposed
Mono-Rail High-speed Electric Railway between Man-
chester and Liverpool, 610 ; Mr. A. Mallock on the

Measurement of the Tractive Force, Resistance and Ac-
celeration of Trains, 610 ; Mr. W. T. E. Binnie on a New
Form of Self-registering Rain Gauge, 610 ; Mr. W. Daw-
son on the Demerbe System of Tramway Construction,

610 ; Mr. J. H. Barker and Prof. Ewing's Combined In-

tegrating Wattmeter and Maximum Demand Indicator,

610 ; Prof. Goodman's New Form of Calorimeter for

Measuring the Wetness of Steam, 610 ; Mr. A. T. Walm-
isley on the Use of Expanded Metal in Concrete, 610

Section H {Anthropology).—Opening Address by Prof. John
Rhys, President of the Section, 513 ; Dr. John Beddoe on
the Vagaries of the Cephalic Index, 633 ; Prof Macalister,

633 ; Prof. A. Francis Dixon on Certain Markings on the

Frontal Part of the Human Cranium and their Significance,

633 ; Mr. W. L. H. Duckworth on Nine Crania collected

by Mr. J. Stanley Gardiner in his Expedition to Rotuma,

633 ; Mr. W. L. H. Duckworth on some Anthropological
Observations of the Pangan Tribe of Aborigines in the

Malay Peninsula, 633 ; Dr. David Waterson on the De-
velopmental Changes in the Human Skeleton from the

Point of View of Anthropology, 633 ; Prof. A. Macalister

on Perforate Humeri from Ancient Egyptian Skeletons,

633 ; Prof J. D. Cunningham on the Sacral Index, 633 ;

Prof. J. D. Cunningham on the Microcephalic Brain, 633 ;

Dr. A. C. Haddon on the Textile Patterns of the Sea-

Dyaks, 634; Mr. W. Rosenhain on the Making of a Malay
" Kris " and on the Malay Method of producing Chains
by Casting, 634 ; Prof Macalister, 634 ; Prof H. Louis
on the " Kingfisher" Type of a Malay '* Kris," 634 ; Mr.
H. Ling Roth on Permanent Artificial Skin Marks, 634

;

Mr. F. LI Griffith on the Sys'em of Writing in Ancient
Egypt, 634 ; Mr. Arthur J. Evans on the New Scripts

Discovered by Him in Crete, 526 and 634 ; Dr. C. Hose
and Mr. W. McDougall on the Animal Cults of the Natives
of Sarawak and their Bearing on the Problems of Totemism,

634 ; Mr. Hartland, 635 ; Mr. W. G. Aston on the Japanese
Gohei and the Ainu incu), 635 ; Mr. David Boyle on the
Paganism of the Civilised Iroquois of Ontario, 635 ; Dr.

John Beddoe on the Anthropology of West Yorkshire, 635 ;

Mr. J. Gray on the Physical Characteristics of the Popula-
tion of West Aberdeenshire, 635-6 ; Mr. D. Randall- Mac-
Iver on the Present State of Our Knowledge of the Modern
Population of Egypt, 636 ; P.eport of the Committee for the

Ethnographical Survey of Canada, 636 ; Report of the Com-
mittee on the Natural History and Ethnography of the
Malay Peninsula, Mr. W. W. Skeat, 636; Mr. A. M.
Bell on the Occurrence of Flint Implements of Palaeolithic

Type on an Old Land Surface in Oxfordshire, 636 ; Mr. J.
Paxton Moir on the Stone Implements of the Natives of

Tasmania, 636 ; Prof. E. B. Tylor, 636; Mr. H. Ling
Roth, 637 ; Dr. A. C. Haddon on Relics of the Stone Age
of Borneo, 637 ; Dr. C. Hose, 637 ; Mr. Butler Wood on
the Prehistoric AntiquitiesofRumbolt's Moor near Bradford,

637 ; Mr. Butler Wood on the Preservation of Local
Antiquities, 637 ; Dr. A. C. Haddon, 637 ; Mrs. Armitage
on some Yorkshire Earthworks, 637 ; Mr. D. G. Hogarth
on the Cave of Psychro in Crete, 637 ; Mr. Arthur J.
Evans, 637 ; Mr. J. L. Myres, 637

Section K {Botany).—Opening Address by Prof. S. H. Vines,

F.R.S., President of the Section, 536 ; Mr. Kidston on
the Flora of the Coal Measures, 610; Mr. Seward on the

Climatic and other Physical Conditions under which Coal
was Formed, 610 ; Dr. Horace Brown on the Possible

Richness in COo of the Atmosphere of che Coal Period,

610 ; Prof. Bower on the Sand- binding Plant of the Dunes
on the Scotch Coast near Berwick, 611 ; Mr. Samuel
Margerison on British Sylviculture, 611 ; Mr. Albert
Wilson on the Great Smoke Cloud of the North of

England and its Influence on Plants, 611 ; Prof. Marshall
Ward, F.R.S., on Embryonic Tissues, 611 ; Mr. Henry
Jackson on the Formation of Starch from Glycollic Alde-
hyde by Green Plants, 611 ; Mr. E. A. Newell Arber on
the Effect of Salts on the CO2 Assimilation of Ulva latissima,

611 ; Prof. Letts and Mr. J. Hawthorn on the Relation of

Ulva latissima to the Pollution of Sea-water by Sewage,
611 ; Miss Elizabeth Dale on the Intumescences of /!^i(5wM5^

vitifolius, 611 ; Miss Ethel Sargant on a Fourth Type of

Transition from Stem to Root-structure, 611 ; Dr. D. H.
Scott, F. R.S., on the Presence of Seed-like Organs in cer-

tain Palaeozoic Lycopods, 611 ; Dr. D. H. Scott, F.R.S., on
the Primary Structure of certain Palseozoic Stems referred to

Araiuario.xylon, 612 ; Prof A. C. Seward, F.R.S., and
Miss Elizabeth Dale on the Structure and Affinities of

Dipteris conjugata, 612 ; Miss R. F. Shove on the Structure

of the Stem of Angiopteris ei>ecta, 612 ; Mr. A. G. Tansley
on the Conducting Tissues of Bryophytes, 612 ; Mr. W. C.
Worsdellon the Origin of ModernCycads,6i2; Prof. Overton
on the Osmotic Properties and their Causes in the Living
Plant and Animal Cell, 612 ; Mr. Harold Wager on a
Demonstration of the Structure and Attachment of the

Flagellum in EuglenaViridis, 612 ; Mr. Harold Wager on
the Behaviour of the Nucleolus during Karyokinesis in the
Root-apex of Phaseolus, 612 ; Miss Ethel N. Thomas on
Double Fertilisation in a Dicotyledon Caltha palustris,

612; Mr. J. Lloyd Williams on the Germination of the

Zoospore m Laminariacete, 613; Mr. J. Lloyd Williams
on Dictyota, 613; Prof. Vuillemin on the Azygospores

of Entomophthora gloeospora, 613 ; Mr. J. Parkin on Fungi
found in Ceylon Growing upon Scale-insects, 613 ; Mr. R.
H. Biffen on the Life-history of Acrospeira mirabilis,6i^ ;

Mr. T. W. Woodhead on the Structure of the Root-nodules

of Alnus glutinosa, 613 ; Prof. F. E. Weiss on a Gymno-
sporangium from China, 613 ; Prof. Trow on the Biology

and Cytology of Pythlum, 613 ; M. Poirault and Mr. E. J.
Butler's Observations on Pythium, 613 ; M. Poirault and
Mr. E. J. Butler's Observations on Chytridines, 614

British Birds, C. W. Wyatt, 100
British Coal-fields, the Duration of the, E. Loze, Bennett H.

Brough, 124
British Flora, the Origin of the, Clement Reid, F.R.S., 268
British Islands, the Lepidoptera of the, Charles G. Barrett,

317



Index Nature,
'Decemberfi, 1900

British Museum, Catalogue of the Lepidoptera Phalanje in the,

Vol. II., Catalogue of the Arctiadae (Nolince, Lithosianse), Sir

George F. Hampson, Bart., 77 ; (Natural History) Catalogue

of the Fossil Bryozoa in the Department of Geology, the

Cretaceous Bryozoa, Vol. I. Dr. J. W. Gregory, 125

British People, Origin and Character of the, Nottidge Charles

Macnamara, 172
British Rainfall, Symons's, H. Sowerby Wallis, 435
British Sylviculture, Samuel Margerison, 611

Brochet (Andre), Impossibility of Primary Formation of

Potassium Chlorate Obtained Electrolytically, 191 ; Electro-

lysis of Concentrated Solutions of Hypochlorites, 383

;

Accessory Reactions of Electrolysis, 639
Brooks (William Keith), the Foundations of Zoology, 593
Brooks, Comet Borrelly, 1900 b, 324, 352, 377, 535
Brough (Bennett H. ), Les Charbons Britanniques et leur

Epuisement, E. Loze, 124
Brown (Bertlia Millard), Physiology for the Laboratory, 365
Brown (Dr. Horace T., F.R.S.), Chlorophyll a Sensiiiser, 103 ;

Static Diffusion of Gases and Liquids in Relation to Carbon-
assimilation and Translocation in Plants, 212 ; on the Geo-
logical Evidence of the Conditions under which Coal was
Formed, 588 ; on the Possible Richness in CO, of the

Atmosphere of the Coal Period, 610
Brown (J. Allen), Stone Implements from Pitcairn Island, 119
Brown (Prof. S. J.), Opposition of Eros, 425
Bruner (Dr. H. L.), the Hearts of Lungless Salamanders,

274
Bruno (Giordano) zur erinnerung an den 17 Februar, 1600, Alois

Riehl, 77
Brunton (Sir Lauder, F.R.S.), Percussion Caps for Shooting in

Schools, 54
Bryan (Prof. G. H., F.R.S.),Vorlesungen uber hydrodynamische

Fernkrafte nach, C. A. Bjerkne's Theorie, 3 ; The Kinetic

Theory of Planetary Atmospheres, 126, 189 ; Sources and
Properties of Becquerel Rays, 151; the Steadying of Ships,

186 ; on the Partition of Molecular Energy, 562
Bryant (A. P.), Dietary Studies of Harvard and Yale University

Boat Crews, 232
Bryophytes, on the Conducting Tissues of, A. G. Tansley, 612
Bryozoa, Catalogue of the Fossil, in the Department of

Geology, British Museum (Natural History): The Cretaceous
Bryozoa, vol. i.. Dr. J. W. Gregory, 125

Buckley (T. E.)^ a Vertebrate Fauna of the Shetland Isles, 75
Buckman (S. S.), Human Babies, What they Teach, 221
Bucknill (J. A.), the Birds of Surrey, 339
Buddha Relics, the Alleged, 200
Buddicom (Robert A.), Church Stretton, vol. i., Molluscs, 571
Building Construction for Beginners, J. W, Riley, 125
Building-land made by Sea-dredging, 158
Bulletin de I'Academie de St. Petersbourg, 70, 211
Bulletin of American Mathematical Society, 69, 189, 260, 381
Bulletin de la Societe des Naiuralistes de Moscou, 93
Burbury (S. H.), on the Vector Potential of Electric Currents

in a Field where Disturbances are propagated with Finite

Velocity, 563
Burch (G. J.), on an Experiment on Simultaneous Contrast,

563 ; Spectroscopic Examination of Colour produced by
Simultaneous Contrast, 615

Burckhalter (Prof. C. ), Automatic Photography of the Corona,

535
Burckhardt (Prof. R.), on some Causes of Brain-configuration

in Selachians, 589
Burdon-Sanderson (Sir J.), Relation of Cell to Enzymes, 423
Burial Caves on Rio Cunany, Brazil, Dr. Goeldi, 500
Burke (J. B. B.), on the Phosphorescent Glow in Gases, 564
Burkhardt (Prof. R.), on the Anatomy and Systematic Position

of the Lsemargidse, 590
Burnham (Prof. S. W.), Catalogue of Double Stars, 324
Burton (W.), Plumbism in Pottery Workers, 616
Busz(Prof. K.), on a Granophyre Dyke intrusive in Gabbro at

Ardnamurchan, 588
Butler (Charles P. ), the Approaching Total Eclipse of the Sun,

54 ; a Night with the Great Paris Telescope, 574
Butler (E. J.), Observations on Pythium, 613 ; Observations on

Chytridinese, 614
Butlin(H. T.), Research in Pathology, 254
Butschli (O.), Untersuchungen uber Mikrostructuren des erstarr-

ten Schwefels nebst Bemerkungen uber Sublimation, 619;
Untersuchungen uber die Microstructur kunstUcher und

naturlicher Kieselsaure-gallerten (Tabaschir, llydrophan,
Opal), 619

Butterflies : Brief Guide to the Commoner Butterflies of the

Northern United States and Canada, Samuel Hubbard
Scudder, 411 ; Numerousness of CJouded Yellow and Holly-
blue Butterflies, 532

Buxton (E. N.), the Preservation of Big Game in Africa, 550
Byatt (H. A.), the Ndonda District, 422

Cables, Wastage of their Electrical Properties under Continuous
Currents, Georges Rheins, 520

Cadett and Neall's X-Ray Paper, 253
Cady (W.), Energy of Kathode Rays, 93
Cahen (E. ), Elements de la Theorie des Nombres, 52
Cailletet (L.)i Researches on Presence of Saturated Mercury

Vapour, 191

Calculus, Differential : Le9ons Nouvelles sur les Applications
Geometriques du Calcul differential, W. de Fannenberg, 196 ;

Elementary Illustrations of the Differential and Integral Cal-
culus, Augustus De Morgan, 196 ; an Introduction to the
Differential and Integral Calculus and Differential Equation,
F. G. Taylor, 221

Californian Big Trees, Age of, Prof. C. E. Bessey, 627
Callaway (Dr. Charles), Longmyndian Inliers of Old Radnor,

94
Callendar (Prof.), Report of the British Association Committee
on Solar Radiation on his Experiments on the Modified
Copper-Cube Actinometer, 562

Callha palustris, on Double Fertilisation in a Dicotyledon,
Miss Ethel N. Thomas, 612

Cambridge : Cambridge Philosophical Society, 215, 239 ; on
the New Form of Refracting Telescope recently erected at
Cambridge, A. R. Hinks, 565

Campbell (Prof. W. W.), Control of Spectrograph, 137
Campbell (W.), Crystallisation produced by Pressure in Solid

Metal, 166

Campetti (Dr. A.), Difference of Potential between Solid Salt
and its Solution, 458

Canada : the Ore Deposits of the United States and Canada,

J. F. Kemp, 365 ; Brief Guide to the Commoner Butterflies
of the Northern United States and Canada, Samuel Hubbard
Scudder, 411 ; Mineral Production of Canada, E. D. Ingall,

499 ; on the Paganism of the Iroquois of Ontario, David
Boyle, 635 ; Report of the Committee of the British Associa-
tion for the Ethnographical Survey of Canada, 636

Canals : the Pneumatic Balance Canal Lock, C. M. Dutton,
135 ; Electrical Traction on Canals, 231

Cannon- fire as a Hail preventive, 158
Cape Observatory, Report of the. Sir David Gill, 398
Cape Town, South African Philosophical Society, 216, 264,

464
Carnations and Picotees for Garden and Exhibition, H. W.

Weguelin, 598
Carrot (M.), Chemical Constitution of Steel, 288
Carruthers (Mr., F.R.S.), the Structure of Paleozoic Plants

287
Carslaw (H. S.), on the Use of Multiple Space in Applied

Mathematics, 561
Carter (Rev. W. Lower), on the Subterranean Drainage of the

Limestone, 587

\

Carvallo (J.), Influence of Temperature on Activity of Motor
I

Nerves of Frog, 47

j

T and R Cassiopeia;, Variable Stars, Sir C. E. Peck of Rousdon
Observatory (Devon), 398

Catalogue of the Physiological Series of Comparative Anatomy
contained in the Museum of the Royal College of Surgeons
of England, Descriptive and Illustrated, 385

Cause and Prevention of Decay in Teeth, the, J. Sim Wallace,
149

Causse (H.), Pressure of Tyrosine in contaminated Well Water,
47

Caventou (J. B.), Unveiling of a Monument to Bertrand
Pelletier and, 421

Cazeneuve (P.), Diphenylcarbazide as Sensitive Reagent for
Metallic Compounds, 383

Cell Problems, a Revision of Certain, Histologische Beitrage,
Heft IV., E. Strasburger, Prof. J. B. Farmer, 28

Cellular Elements in the Blood, Modern Views on the Characters
of, P. Ehrlich and A, Lazarus, Dr. T. H. Milroy, 410



Natuft, 1
December 13, 1900 J

Index XI

Centenary of the Royal College of Surgeons, 331 ; Victor Plarr,

294
Cephalic Index, on the Vagaries of the, Dr. John Beddoe, 633 ;

Prof. Macalister, 633
Cepheus, New Variable Star Observed in, Madame Ceraski,

183
Ceraski (Madame) New Variable in Taurus, 20 ; New Variable

Star Observed in Cepheus, 183 ; New Variable in Herculis,

305
Cereals, Mummy, Edmond Gain, 191

Cetacea, Body Temperature of. Dr. G. Guldberg, 159
Ceylon, on Fungi found in Ceylon Growing on Scale Insects,

J. Parkin, 613
Chains by Casting, on the Malay Method of Producing, W.

Rosenhain, 634 ; Prof. A. Macalister, 634
Chamois, Recently Killed, Temperatures of, G. Stallard, 293
Chandler (Prof.), Chemistry in United States, 301

Chapman (Frederick), the Consolidated Oolite Sands of

Katheawad, 239
Chappius (Dr. P.), Gas Thermometry, 214
Charbons Britanniques et leur epuisement, les, E. Loze, Bennett

H. Brough, 124
Charon (E.), Product of Decomposition of a Di-iodhydrin of

Glycerol, 191
Chattaway (F. D.), Transformation Products of Phenylacetyl

Nitrogen Chloride, 143 ; Substituted Nitrogen Chloride and
Bromide Derivatives of Ortho- and Para-acet-toluide, 71

Cha\astilon (M.), Crystalline Combinations of Acetylene with

Cuprous and Potassium Chlorides, 240
Chemistry : a New Indicator in Acidimetry, Jules Wolff, 23 ;

Crystallised Lead Selenide, M. Fonzes Diacon, 23; the

Alkaline Selenio-Antimonites, 24 ; Selenides of Iron, M.
Fonzes Diacon, 216 ; Selenides of Nickel, M. Fonzes Diacon,

592 : Death and Obituary Notice of Edouard Grimaux, 34 ;

Death and Obituary Notice of Dr. Edmund Atkinson, 34 ;

Peculiarities of Picric Acid and its Solutions in Light of Ionic

Hypothesis, Dr. Marckwald, 37 ; Manganous Fluoride, MM.
H. Moissan and Venturi, 47 ; Samarium, Eug. Demar^ay,

47 ; Unknown Earths in Crude Samaria, Eug. Demar^ay,

144 ; Composition of Mont Dore Gas, F. Parmentier and A.

Hurion, 47 ; Bromination with Aluminium Bromide, Ch.

Pouret, 47 ; Preparation of some Aluminium Compounds
and Corresponding Hydrogen Derivatives, M. Fonzes Diacon,

95 ; Action of Monochloracetic Esters on Sodium Derivative

of Acetylacetone, F. Marsh, 47 ; Method for Preparing

Synthetically Higher Homologues of Acetolacetic Ester and
Acetylacetone, L. Bouveault, 264 ; Diacetylacetone Deriva-

tives, J. N. Collie and B. D. Steel, 260 ; Presence of Tyrosine

in Contaminated Well Water, H. Causse, 47 ; Indigo Fer-

mentation, Prof. Beyerinck, 47 ; Indican, J. Hazewinkel,

47 ; Prof. Hoogewerff and H. ter Meulen, 47 ; Heat of

Alloy Formation, J. B. Tayler, 70 ; Want of Uniformity of

Action of Copper Zinc Alloys on Nitric Acid, Dr. J. H.
Gladstone, 7t) : Substituted Nitrogen Chloride and Bromide
Derivatives of Ortho and Para-acet-toluide, F. D. Chattaway

and K. J. P. Orton, 71 ; Estimation of Hypo-iodites and

Reaction of Iodine Monochloride with Alkalis, K. J. P.

Orton and W. L. Blackman, 71 ; Products of Sulphur

Dioxide and Ammonia, E. Divers, 71 ; Brazilin (iv.), A. W.
Gilbody, W. H. Perkin, jun. and J. Yates, 71 ; Haematoxylin

(v.), W. H. Perkin, jun. and J. Yates, 71 ; Chemical Society,

71, 143,215,260 ; the fl-alkyloxy- and acyanocrotonic esters,

A. Haller, 71 ; Solubility of Mixture of Salts having common
Ion, Charles Touren, 72 ; Acetyl-phenylacetylene and Benzyl-

phenylacetylene, Charles Moureu and R. Delange, 72 ; the

Hydrolysis of Fibrous Tissue, A. Etard, 72 ; Introduction to

Physical Chemistry, James Walker, Prof. Arthur Smithells,

76 ; Employment of Chemists in German Factories, 84 :

Erythrulose, a New Sugar, Gabriel Bertrand, 85 ;

^/-Erythrite, Gabriel Bertrand, 144 ; New General

Method of Preparing Secondary and Tertiary Alcohols,

V. Grignard, 85 ; Expansion of Rubidium during

Fusion, M. Eckardt, 93 ; the Estimation of Thallium, V.

Thomas, 96 ; Action of Anhydrous Aluminium Chloride on
Acetylene, E. Baud, 96 ; Tyrosinase, C. Gessard, 96 ; the

Purification of Acetylene, no; Additions of Hydrogen to

Acetylene in presence of Copper, Paul Sabatier and J. B.

Senderens, 168 ; Addition of Hydrogen to Acetylene

in Presence of Reduced Iron or Cobalt, Paul

Sabatier and J. B. Senderens, 191 ; Crystalline Combinations

of Acetylene with Cuprous and Potassium Chlorides, M.
Chavastilon, 240 : Addition of Hydrogen to Acetylene
and Ethylene in presence of Finely-divided Platinum,
Paul Sabatier and J. B. Senderens, 264 ; Action
of Reduced Nickel on Acetylene, Paul Sabatier and

J. B. Senderens, 312 ; Action of Finely-divided Metals on
Acetylene and Ethylene, Paul Sabatier and J. B. Senderens,

336 ; Acetylene : a Handbook for the Student and Manu-
facturer, Vivian B. Lewes, 522 ; Products of Explosion o<

Acetylene, W. G. Mixter, 639 ; Christian Friedrich Schon-
bein, 1799-1868, Georg W. A. Kahlbaum, Ed. Schaer, Prof,

R. Meldola, F.R.S., 97 ; Chlorophyll a Sensitiser, Prof.

Clement Timiriazeff, 102; Dr. Horace T. Brown, F.R.S.,
) 103 ; Nitric Acid Formation during Combustion, Daniel

j

Berthelot, 119, 143; Limits of Combustibility by Red-hot
! Copper Oxide of Hydrogen and Methane diluted with Large

I

Volumes of Air, Armand Gautier, 1 19 ; Action of Hydroger*

I
Bromide on Dextro-rotatory Benzylidene Camphor, A. Haller

j

and J. Minguin, 1 19 ; Reserve Carbohydrates of St. Ignatius

I

Bean and Nux Vomica, Em. Bourquelot and J. Laurent, 120,

336 ; Reserve Carbohydrates in Seed of Trifolium Repen-,
H. Herissey, 216 ; the Theory of Electrolytic Dissociation,

H. C. Jones, 121 ; Thionyl Fluoride, H. Moissan and P.

Lebeau, 136 ; the Extraction of Tannic Acid from Chestnut
Wood in Corsica, 136 ; Advancement of Electrical Chemis-
try, Dr. F. Mollwo Perkin, 138 ; Aminochloropyridines, W.
J. Sell and F. W. Dootson, 143 ; Transformation Product ot

Phenylacetyl Nitrogen Chloride, F. D. Chattaway and K. J,
P. Orton, 143 ; Ammonium Imidosulphite, 143 ; Elhy>
Sodio- and Methylsodio-cyanacetate, J. F. Thorpe, 143 ; the

aa-j3/3-tetramethylglutaric Acids, J. F. Thorpe and W. J.
Young, 143 ; j8-isopropylglutaric Acid and Cis- and Trans-
methylisopropylglutaric Acids, F. H. Howies, W. J. Thorpe
and W. Udall, 143 ; Dextromethylethylpropyl Tin Dextro-

bromocamphorsulphonate, W. T. Pope and S. J. Peachey,

143 ; Racemic and Optically-active Forms of Iso-

amarine, H. L. Snape, 143 ; a Lithium Peroxide,

M. de Forcrand, I43 ; Action of Cyanogen Chlor-

ide on Acetonedicarboxylic Ethyl Ester, Juvenal
Derome, 144 ; the Cyanide Process of Gold Extraction,

James Park, 148 ; the Purification of Mercury, G. A. Hulett,

160 ; Researches on Pressure of Saturated Mercury Vapour,
MM. L. Caillefet, Colardeau and Riviere, 191 ; Separatioi>

and Determination of Mercury as Mercurous Oxalate, C. A.
Peters, 210 ; Action of Iodine and Yellow Oxide of Mercury
on Styrolene and Safrol, J. Bougault, 544; Direct Production

by Wet Method of Crystallised Mercuric and Mercurous
Iodides, F. Bodroux, 191 ; Precipitated Mercurous Iodide,

Dr. F. P. Power, 322 ; the Atomic Weight of Iron, Prof.

Richards and G. P. Baxter, 160; Mechanical Decomposition
of some Metallic Chlorides, CE. de Coninck, 168 ; Conditions

of Stability of Rotatory Power, 168 ; the Weight of
Hydrogen Desiccated by Liquid Air, Lord Rayleigh,

F. R.S., 189; i8-phenyl and )3-benzyl-a-alkoxy-a-cyano-

crylic Acids, A. Haller and G. Blanc, 191 ; Impossibility of

Primary Formation of Potassium Chlorate obtained Electro-

lytically, Andre Brochet, 191 ; Product of Decomposition of

a Di-iodhydrin of Glycerol, E. Charon and C. PaixSeailles,.

191 ; the New Hydride of Benzoylsuperoxide, Herren Baeyer
and Villiger, 202 ; Condensation of Ethyl Acetyleneuicar-

boxylate with Bases and j3-ketonic Esters, S. Ruhemann and
H. E. Stapleton, 215 ; Condensation of Phenols with Ethyl

Phenylpropiolate, S. Ruhemann and F. Beddow, 215 ; Con-
stitution of Pilocarpine, H. A. D. Jowett, 215; Persulphuric

Acid, T. M. Lowry and J. H. West, 215; Derivatives of

Cyanocamphor and Homocamphoric Acid, A. Lapworlh,

215 ; Action of Formaldehydes ">n Naphthalene Amines (II.),

G. T. Morgan, 215; Condensation of Ethyl Crotonate with

Ethyl Oxalate, A. Lapworth, 215 ; Silicodiphenyldiimide

and Silicotriphenylguanidine, J. E. Reynolds, 215 ; Nitric

Acid Formation in Combustion of Hydrogen, D. Berthelot,

216 ; Combustible Gases of Atmosphere, Armand Gautier,

216 ; the Expansion of Fused Silica, H. Le Chatelier, 216 ;

True Atomic Weight of Boron, G. Henrichs, 216 ; Action of

Sulphur Dioxide and Hydrogen Sulphide on Pyridine, G.

Andre, 216; Presence of Iodine in Blood, E. Gley and P.

Bourcet, 216 ; Permeability of Fused Silica to Hydrogen,
P. Villard, 240 ; Addition of Hydrogen to Ethylene in

Presence of Reduced Metals, Paul Sabatier and T. B. Sen-

derens, 240; Oxidation of Anethol and Analogues, J-



Xll Index r
Nature,

December 1-^, 1900

Bougault, 240 ; Theoretical and Physical Chemistry, Part II. :

Chemical Statics, J. H. van 't Hoff, 245 ; the Wellcome Re-

search Laboratories, R. J. Friswell, 271 ; Morphine (I.),

S. B. Schryer and F. II. Lees, 260 ; Oxime of Mesoxamide,
M. A. Whiteley, 260 ; Dehydracetic Acid, J. N. Collie, 260

;

New Series of Pentamethylene Derivatives (I.), W. H. Perkin,

jun.
, J. F. Thorpe and C. Walker, 261 ; Action of Sodium

and Methyl Iodide on Ethyl Dimethylbutanetricarboxylate,

W. H. Perkin, jun., and J. F. Thorpe, 261 ; Condensation of

Ethyl a-bromoisobutyrate with Ethyl Malonates and Cyan-
acetates, W. T. Lawrence, 261 ; Estimation of Furfural, W.
Cormack, 261 ; Inhibiting Effect of Etherification on Sub-

stitution in Phenols, H. E. Armstrong and E. W. Lewis,

261 ; Action of Nitric Acid on Trichlorguaiacol, H. Cousin,

264 ; Composition of Albumen of Gleditschia Triacanthos

Seed, Maurice Goret, 264 ; Combustible Gases of Atmosphere,
Armand Gautier, 264 ; Synthesis of oo-dimethyl-7-cyanotri-

carballylic Ester, A. Haller and G. Blanc, 264 ; Chemical
Constitution of Steel, MM. Carnot and Goutal, 288 ; an
Ammoniacal Chromous Sulphate, Ch. Laurent, 288 ; Com-
bustible Gases of Atmosphere, Armand Gautier, 288 ; Pre-

paration of Gentopicrine and Glucoside from Fresh Gentian

Root, Em. Bourquelot and H. Herissey, 288 ; Le Fluor et

ses Composes, Henri Moissan, 291 ; an Introduction to

Analytical Chemistry, G. G. Henderson, M. A. Parker, 292 ;

a Text-book of Physical Chemistry, Dr. R. A. Lehfeldt, 292 ;

Chemistry in United States, Prof. Chandler, 301 ; Products

of Nitroso-Benzene, Prof. Bamberger, 304 ; Two New
Silicon Borides, Henri Moissan and Alfred Stock, 312;
Crystallisation of Gold, A. Ditte, 312 ; Solubility of Calcium

Phosphate in Soil Water in Presence of Carbon Dioxide, Th.
SchlcEsing, 312 ; Temperature of Maximum Density of

Aqueous Solutions of Ammonium Chloride and Lithium

Bromide and Iodide, L. C. de Coppet, 312; Electrolytic

Estimation of Bismuth, Dmitri Balachowsky, 312; Sodium-
potassium Amalgams, MM. Guntz and Feree, 312; Pre-

paration of Pure Tungsten, Marcel Delepine, 312; "Die
Harze und die Harzbehalter," A. Tschirch, 316; Santalol,

E. J. Parry, 322 ; American, Russian, and French Turpen-
tines, and Terebenes, C. T. Tyrer and A. Wertheimer, 322 ;

the Viscosity of Essential Oils, E. Douzard, 322 ; Organic

Solutions of Ferric Chloride, <JL. de Coninck, 336 ; on the

Driving Energy of Physico-Chemical Reaction, and its Tem-
perature Coefficients, Prof. T. W. Richards, 351; "Die
Glykoside," Dr. J. J. I. Van Rijn, 363 ; Preparation of Free
Hydroxylamine, Dr. R. Uhlenhuth, 376 ; a Standard Table
of Atomic Weights, 376 ; Electrolysis of Concentrated Solu-

tions of Hypochlorites, Andre Brochet, 383 ; Diphenylcarb-

azide as Sensitive Reagent for Metallic Compounds, P.

Cazeneuve, 383 ; Arsenic and Iodine in Animal Economy,
Armand Gautier, 383 ; Action of Hydrogen on Arsenic Sul-

phides, H. P^labon, 408 ; Boiling Points of Zinc and Cad-
mium, Daniel Berthelot, 384 ; Atomic Weight of Radiferous

Barium, Madame Curie, 384 ; Electrolytic Estimation of

Cadmium, Dmitri Balachowsky, 384 ; Blue Oxide of Molyb-
denum, Marcel Guichard, 384, 408 ; Iodine in Organism, P.

Bourcet, 384 ; Amyl Ester of Eudesmic Acid in Eucalyptus

Oils, H. G. Smith, 384 ; the Lavoisier Monument, 390

;

Elements of Qualitative Analysis, Dr. G. H. Bailey

and G. J. Fowler, 412 ; Unveiling of a Monument
to Bertrand Pelletier and J. B. Caventou, 421 ;

Manufacture of Artificial Dyestuffs in Germany,
422 ; Composition of Air at Different Levels, G. Hinrichs,

432 ; Extraction of Oxygen from Air by Solution at Low
Temperatures, Georges Claude, 432 ; Use of Sodium Peroxide

for Purifying Wells containing Carbonic Acid, 432

;

Structure and Constitution of Two New Meteorites,

G. P. Merrill, H. N. • Stokes, 459 ; Death of Sir

John Bennet Lawes, Bart., F.R.S., 456, Obituary
Notice, of Prof. R. Warington, F.R.S., 467 ; Report of

Government Laboratory, Dr. T. E. Thorpe, F.R.S., 499;
International Congress of Applied Chemistry, 519 ; the

Nitro-celluloses, Leo Vignon, 520 ; the Theory of Ions, 524 ;

Products of Decomposition of Nitric Esters and Nitroglycerine

by Alkalis, Daniel Berthelot, 544; Reduction of Nitro-

celluloses, Leo Vignon, 544 ; Crystallised Calcium Aluminate,

Em. Dufau, 568 ; Combustible Gases in Paris Air, Armand
Gautier, 568 ; Absorption of Free Oxygen by Normal Urine,

Daniel Berthelot, 592 ; Oxycelluloses from Cotton, Flax, and
Hemp, Leo Vignon, f592 ; Lehrbuch der Anorganischen

Chemie, Dr. A. F. Holleman, 598 ; Iron Silicide, P. Lebeau,
616 ; New Pyrogenous Product from Tartaric Acid, L. J.
Simon, 616 ; Acetyl Derivatives of Cellulose and Oxycellulose,

Leo Vignon and F. Gerin, 616 ; Lectures on the History of

the Development of Chemistry since the time of Lavoisier,

Dr. A. Ladenburg, 618 ; Elementary Physics and Chemistry,
R. A. Gregory, A. T. Simmons, 620 ; the Division of Racemic
Amido-acids into their Optical Components, Emil Fischer,

629 ; the Action of Permanganate on Hydrogen Peroxide,

Herren von Baeyer and Villiger, 629 ; Carbides of Neodidy-
mium and Praseodidymium, Henri Moissan, 639 ; Accessory
Reactions of Electrolysis, A. Brachet. 639 ; Isopyrotritaric

Acid, L. J. Simon, 639 ; Proteolytic Ferment of Germinat-
ing Seeds, V. Harlay, 640

China : on the Probable Economic Changes following the

Development of the Resources of, G. C. Chisholm, 590 ; on
a Gymnosporangium from China, Prof. F. E. Weiss, 613

Chisholm (G. C), on the Probable Economic Changes follow-

ing the Development of the Resources of China, 590
Chittendon (F. H.), Garden-pests, 109
Christie (W. H. M.), Observations of Capella as a Double

Star, 383
Christmas Island, a Monograph of (Indian Ocean), Physical

Features and Geology, C. W. Andrews, 193
Church Stretton, vol. i., Geology, E. S. Cobbold, Macro-Lepidop-

tera, F. B. Newnham : Molluscs, Robert A. Buddicom, 571
Chytridinese, Observations on, M. Poirault, 614, E. J. Butler,

614
Circular Components in the " Faraday Effect," Observation of

the. Prof. D. B. Brace, 368
Circulation of the Blood, Historical Aspects of the Discovery of

the, Prof. T. Clifford Allbutt, F.R.S., 630
Citrus Trees in Australia, Fungus Diseases of, and their

Treatment, D. McAlpine, 494
Clark (E. K.), on the Construction of Shop Buildings in large

Engineering Works, 610
Clarke (Eagle), on the Migration of British Birds, 588
Claude (Georges), Extraction of Oxygen from Air by Solution at

Low Temperature, 432
Clerc (A.), Anti-coagulating Power of Serum in Pathological

State, 216
Cleverley (Mr.), Mud Island in Walfisch Bay, 464
Climate during Past Epochs, on the Influence of Winds upon,

F. W. Harmer, 588
Clowes (Dr. Frank), the Bacterial Treatment of Sewage, 128
Clusters, Variable Stars in, 352
Coal : the Duration of the British Coal-fields, E. Loze,

Bennett H, Brough, 124 ; Accidents in Coal Mines, Prof.

Le N. Foster, 136 ; Electricity direct from Coal, E. F.

Bamber, 437 ; on the Heating and Lighting Power of Coal
Gas, T. Fairley, 567 ; on the Physical Conditions during the

growth of the Coal Measures, A. Strahan, 587 ; on Plant
Life during the Growth of the Coal Measures, R. Kidston,

587, 610 ; on Rapid Changes in the Thickness and Character
of the Coal Measures of North Staffordshire, W. Gibson, 587 ;

on a Concealed Coalfield beneath the London Basin, Prof.

W. J. SoUas, F.R.S., 587 ; on the Geological Evidence of the

Conditions under which Coal was Formed, J. C. Marr, 588, Dr,
Horace Brown, 588, Prof. P. F. Kendall, 588, R. D. Oldham^.

588 ; on the Climatic and other Physical Conditions unde^
which Coal was Formed, Mr. Seward, 610 ; on the Possible

Richness in COj of the Atmosphere of the Coal Period, Dr.
Horace Brown, 610 ; the Coal and Iron Ore Fields of Shansi
and Honan, Mr. Glass, 610

Cobbett (Dr. L.), Rise of Temperature in Fabrics when
Moistened, 239

Cobbold (E. S.), Church Stretton, vol. i. Geology, 571
Cockerell (Prof. T. D. A.), Note on some Blue and Red Pig-

ments, 31
" Codium," 63
Coelostat, Orientation of the Field of View of the Siderostat and,

A. Fowler, 428
Coffee : Le Cafe, Culture—Manipulation—Production, Henri

Lecomte, 338
Cohen (Dr. J. B.), on the Chlorination of the Aromatic

Hydrocarbons and the Constitution of the Dichlorotoluenes,

567
Colardeau (M.), Researches on Presence of Saturated Mercury

Vapour, 191
Colbourne (Henry J.), the Trembling of the Aspen leaf, 436



Nature,
December 13, igoo. Index Xill

Cole (Mr.), the Nest-building Brook- Lamprey, 500
Coleman ( Prof. A. P. ), on the Recent Discovery of a Ferriferous

Horizon in the Huronian North of Lake Superior, 588
Collateral Heredity Measurements in Schools, Prof. Karl Pearson,

.F.R.S., 173, 599
Colledge (W. R ), Mosquitoes, 201
Collet t (R.), the Norwegian North Polar Expedition 1893- 1896

to Franz Josef Land, Scientific Results, 146
Collie (F. N.), Diacetylacetone Derivatives, 260 ; Dehydracetic

Acid, 260
Collier (N. C. ), the Causes and Prevention of Consumption, 181

Collins (Henry F.), Metallurgy of Lead and Silver, 194
Colour-changes in Prawns, Dr. Gamble and Mr. Keeble, 555
Colour Photography : Photography in Colours, R. C. Bayley,

195 ; a Handbook of Photography in Colours, Thomas Bolas,

Alexander A. K. Tallent, Edgar Senior, 434
Colour Photometry (iii.). Sir William Abney, 273
Colour Screens for Refracting Telescopes, T. J. J. See and

G. H. Peters, 37
*'Coma," Prof. S. P. Thompson, 1 18

Comets: Comet Giacobini (1900 a), 37, 256; Comets and
Corpuscular Matter, F. H. Loring, 80 ; Comet Borrelly-

Brooks (1900 (5), 324, 352, 377, 535; Comet Swift (1894 IV.),

352, 459; Swift's Comet (1892 L), Prof. W. Picker-

ing, 501
Common (Dr. A. A., F.R.S.), Opening Address in the Depart-
ment of Astronomy in Section A of the British Association,

471
Comparative Anatomy of Animals, an Introduction to the Study

of the, G. C. Bourne, 364
Conductivity produced in Gases by the Motion of Negatively-

charged Ions, the, J. S. Townsend, 340
Conference, Third International, on a Catalogue of Scientific

Literature, London, June, 1900, 206
Congress of German Anthropological Society, Annual, 6j2
Congress, International, of Applied Chemistry, 519
Congress, International Geological, L. Gentil, 557
Congress of Mathematicians, Paris International, 418
Congress, Paris International Physical, Dr. Ch. Ed. Guillaume,

425
Coninck (Oi. de). Mechanical Decomposition of some Metallic

Chlorides, 168 ; Organic Solutions of Ferric Chloride, 336
Consultative Committee, the Board of Education and its, 248
Consultative Committee and Technical Education, the, Prof. J.

Wertheimer, 294
Consumption, its Causes and Prevention, N. C. Collier, 181
Cook's (Captain) Voyage Round the World, Illustrations of the

Botany of, in H M.S. Endeavour in 1768-71, Right Hon. Sir

Joseph Banks and Dr. Daniel Solander, with Determinations
by James Britten, W. Botting Hemsley, 547

Cook (Frederick A.), Through the First Antarctic Night,
1898-99, 624

Cook (S. R.), Escape of Gases from Planetary Atmospheres, 54
Cooking in New Mexico, from the Meteorological Point of View,

421
Copeland (Prof.), the Solar Eclipse of May 28, 263
Copepoda, Place in Nature of, Isaac C. Thompson, 498
Coppet (L. C. de). Temperature of Maximum Density of Aqueous

Solutions of Ammonium Chloride and Lithium Bromide and
Iodide, 312

Corda (Mr.), Relative Advantages of Alternate and Continuous
Current for General Electrical Supply, with regard to Inter-
ference with other Interests, 416

Cormack (W.), Estimation of Furfural, 261
Cornish (Vaughan), the Severn Bore, 126
Cornu (A.), Zenitho-nadiral Apparatus for Measuring Zenithal

Distances of Stars near Zenith, 95
Cornu (Maxime), O'usounify a New Edible Tuber from the

Soudan, 72
Corona, the Nature of the Solar, Prof. Geo. Fras. Fitzgerald,

F.R.S., 7
-«

'

Corona, Photometry of, April 16, 1893, Prof. H. H. Turner, 86
Corona, Automatic Photography of the, Prof. C. Burckhalter,

535
Coronas (P. J.), Earthquakes of 1897 in Philippines, 555
Corpuscles in Physical Phenomena, some Speculations as to the

Part Played by, Prof. J. J. Thomson, F.R.S., 31
Corpuscular Matter, Comets and, F. H. Loring, 80
Correns (Dr. Carl), Untersuchungen ueber d. Vermehrung

d. Laubmoose durch Brutorgane und Stecklinge, 339

Corsica : the Extraction of Tannic Acid from Chestnut Wood,
136

Corstophine (G. S.), Palaeolithic Instruments from Stellen-

bosch, 464
Corti (Dr. Benedetto), Diatomaceje of Lakes Brianza and

Segrino, 232
Cortie (Rev. A. L.), on the Classification of Sun-spots, 565
Coupin (Henri), Functions of Crystalline Tube of Acephala, 47
Cousin (H.), Action of Nitric Acid on Trichlor-guaiacol, 264
Coward (J. A.), the Birds of Cheshire, 417
Cowham (Joseph H. ), the School Journey, a Means of Teaching

Geography, Physiography, and Elementary Science, 619
Crab, a Large Tasmanian, Alex Morton, 496
Craigie (Major P. G.), Opening Address in Section F at the

Bradford Meeting of the British Association, 509
Craniology : Craniology of Indian Hill Tribes, Sir Wm. Turner,

F.R.S., 263; Craniology of Irano Indians, M. Ujfalvy, 351 ;

Slavic Skull at Niedersedlitz, Prof. J. Deichmiiller, 533 ; on
. Certain Markings on the Frontal Part of the Human Cranium
and their Significance, Prof. A. Francis Dixon, 633 ; on Nine
Crania Collected by J. Stanley Gardiner during his Expedi-
tion to Rotuma, W. H. L. Duckworth, 623

Creeping of Liquids, and on the Surface Tensions of Mixtures,
on the. Dr. Trouton, 562

Cremieu (V.), Magnetic Effect not produced by Motion of
Electrified Body, 167 ; Moving Electric Charge not Pro-
ductive of Magnetic Field, 396 ; Inverse Effect of Magnetic
Field not Productive of Movement in Electrified Bodies, 616

Cretaceous Rocks of Britain, Memoirs of the Geological Survey
of the United Kingdom^ vol. i., the Gault and Upper Green-
sand of England, A. J. Jukes-Browne, Prof. T. G. Bonney,

Crete : the Recent Cretan Discoveries and their Bearing on the
Early Culture and Ethnography of the East Mediterran ean
Basin, Arthur J. Evans, 526 ; on the New Scripts discovered

by Arthur J. Evans in Crete, 526, 634 ; on the Cave of

Psychro in Crete, D. G. Hogarth, 637 ; Arthur J. Evans,

637 ; J. L. Myres, 637
Criminal Identification, the English System, Dr. J. G. Garson,

190
Crocker (Prof.), Relative Advantages of Alternate and Con-

tinuous Current for General Electrical Supply, with Regard
to Interference with other Interests, 416

Crommelin (A.C. D.), Howe's Photographic Observation of Eros,

184
Cross (C. F. ), on the Action of Caro's Reagent on Furfural,

567
Crystallography : Properties of Crystals Yielding Doubly-

refracting Liquids on Fusion, H. R. Hartley and H. L.
Bowman, 68 ; Crystallisation produced in Solid Metal by
Pressure, W. Campbell, 166 ; Crystalline Structures of

Metals, J. A. Ewing, F.R.S., and Walter Rosen-
heim, 211 ; Method for Determining Refractive Indices of

Minerals of Low Symmetry, G. F. Herbert Smith, 239

;

Liquid Crystals, O. Lehmann, 568 ; Calcite Crystals, S. L.
Penfield and W. E. Ford, 568

Cuckoo, Mode of Carriage of Egg by, A. H. Meiklejohn, 201

"Cuckoo-spit," Prof. E. S. Morse, 109
" Cuckoo-spittle,'" the Common Frog-hopper, Dr. A. Porta,

532
Cunningham (J. A.), Theory of Order of Crystallisation of

Minerals in Igneous Rocks, 262, 368
Cunningham (Prof. J. D.), on the Sacral Index, 633; on the

Microcephalic Brain, 633
Cunningham (Lieut. -Colonel), on the Determination of Succes-

sive High Primes, 561
Gushing (Frank H.), Death of, 16; Obituary Notice of, 397
Curie (Mme.), Atomic Weight of Radiferous Barium, 384
Current Papers, Ocean, H. C. Russell, 108
Curves, Autotomic, A. B. Basset, F.R.S., 572
Cutter (M.), Effects of Work of Active on Inactive Muscular

Groups, 492
Cuttriss (S. W.), on the Pot-holes and Caves of the Mountain

Limestone District of North-west Yorkshire, 587
Cyanide Process of Gold Extraction, the, James Parks, 148
Cycads, on the Origin of, W. C. Worsdell, 612
Cytology : Histology of the Blood, Normal and Pathological,

P. Ehrlich and .'\. Lazarus, Dr. T. H. Milroy, 410 ; on the

Biology and Cytology of Pythium, Prof. Trow, 613 ; M.
Poirault, 613; E. J. Butler, 613



Index [Nature,
December 13,

Daily Weather Report of the Meteorological Office, the,

W. N. Shaw, F.R.S., 3CX5

Dakin (H. D.), on the Chlorination of the Aromatic Hydro-
carbons and the Constitution of the Dichlorotoluenes, 567

Dale (Miss Elizabeth), on the Intumescence of Hibiscus viti-

folius, 611 ; on the Structure and Affinities of Dipteris con-

jugata, 612
Dallas (W, L.), Indian Thunderstorm Observations, 395
Dante, Edmund G. Gardner, 53
Danysz (J.),

Bacteriological Method of Exterminating Bats, 84
Daramona Observatory, Astronomical Work at, W. E. Wilson,

630
Dark Fringes Observed during Total Solar Eclipses, the, V,

Ventosa, 86
Dark Images of Photographed Lightning Discharges, J. B.

Hannay, 389
"Dark " Lamp, a, Gustave Le Bon, 532
Darwiniens, Lamarckiens et, Felix Le Dantec, 388
Daubeny (Captain G. A.), Mirage over Needles, Isle of Wight,.

60s
Davenport (C. B. and Gertrude C), Introduction to Zoology,

433
Davies (A. S. ), on a Novel Form of Mercurial Barometer, 562
Davis (A. Edward), the Refraction of the Eye, including a

Complete Treatise on Ophthalmometry, 6
Davis (R.), New Effect Produced by Stationary Sound-waves,

568
Davis (W. M. ), the Colorado Canyon District, 638
Davison (Dr. Charles), the Distance to which the Firing of

Heavy Guns is Heard, 377
Dawson (W.), on the Demerbe System of Tramway Construc-

tion, 610
Day (A.), the Air Thermometer at High Temperatures, 381 ;

the Gas Thermometer at High Temperatures, 568
Daylight Meteor of Sunday, September 2, the, T. Rooke, 524 ;

B. St. G. Lefroy, 524
De Morgan (Augustus), Elementary Illustrations of the Differ-

ential and Integral Calculus, 196
Debierne (A.), Artificial Radio-active Barium, 383
Decay in Teeth, the Cause and Prevention of, J. Sim Wallace,

'49
.

Deep-sea Exploration of the Siboga in the Indian Archipelago,
the Cruise and, 327

Deformation, Artificial, of Heads, and Some Customs Connected
with Polyandry, Kumagusu Minakata, 437

Deichmuller (Prof. J.), Slavic Skull at Niedersedlitz, 533
Delage (Yves), Traite de Zoologie Concrete. T. ii. i"^* partie,

Mesozoaires—Spongiaires, 122
Delange (R.), Acetyl-phenylacetylene and Benzoyl-phenyl-

acetylene, 72
Delepine (Marcel), Preparation of Pure Tungsten, 312
Delezenne (C), Action of Antileucocytic Serums on Blood-

coagulation, 144
Demar9ay (Eug.), Samarium, 47; Unknown Earths in Crude

Samaria, 144 ; Spectrum of Radium, 336
Denning (W, F.), the Perseid Meteoric Shower, 173; Notes

on Saturn and His Markings, 237 ; the August Perseids of

1900, 398 ; the Daylight Meteor ofSunday, September 2,491
Denny (G. A. ), Diamond Drilling for Gold and Other Minerals,

435
Dentistry, the Cause and Prevention of Decay in Teeth, J. Sim

Wallace, 149
Deperet (C.), Neogenic Regions of Lower Egypt, 408
Derby (O. A.), Monazite, 568
Derennes (E.), Use of Sodium Peroxide for Sanifying Wells

containing Carbonic Acid, 432
Derome (Juvenal), Action of Cyanogen Chloride on Acetone-

dicarboxylic Ethyl Ester, 144
Deslandres (M.), Total Eclipse of the Sun, 233
Dew-ponds, Atmospheric Electricity and, Arthur Marshall, 495
Dewar (A. Redcote), from Matter to Man, a New Theory of

the Universe, 493
Dexter (Dr. Edwin G.), Drunkenness and the Weather, 31
Diamond-drilling for Gold and other Minerals, G. A. Denny,

435
Diamonds discovered on Kamenka River, 603
Dickson (H. N.), Circulation of Surface Waters of North At-

lantic, 286
Dictyota, J. Lloyd Williams, 613
Didymorchis, Prof. W. A. Haswell, F.R.S., 640

Dietary Studies of Harvard and Yale University Boat Crews,

Prof, W. O. Atwater and A. P. Bryant, 232
Differential Equations, Theory of, A. R. Forsyth, F.R.S., 170
Differential and Integral Calculus, Elementary Illustrations of

the, Augustus De Morgan, 196
Dipteris conjugata, on the Structure and Affinities of, Prof. A.

C. Seward, F.R.S., and Miss Elizabeth Dale, 6l2
Disney (Alfred N. ), Modern Microscopes, 154
Distance to which the Firing of Heavy Guns is Heard, the,

Dr. Charles Davidson, 377 ; J. W. Mallet, 523
Ditte (A.), Crystallisation of Gold, 312
Diver for Collection of Zoological Specimens, Use of, 253
Divers (E.), Products of Sulphur Dioxide and Ammonia, 71 ;

Ammonium Imidosulphite, 143
Dixon (Prof. A. Francis), on Certain Markings on the Frontal

Part of the Human Cranium and their Significance, 633
Dixon (Charles), Among the Birds in Northern Shires, 177
Dixon (Prof. H. H.), on the Specific Heat of Gases up to a

Temperature of 400°, 566
Dixon (Dr. Henry H.), Ascent of Sap, 572
Dobkevitch (G.), Maximum Sensitiveness in Coherers for Wire-

less Telegraphy, 23
Dollo (Louis), Racovitza glacialis , New Antarctic Fish, 350
Dootson (F. W.), Amino-chloropyridines, 143
Double Stars, Catalogue of. Prof. S. W. Burnham, 324
Dowzard (E. ), the Viscosity of Essential Oils, 322
Drainage, Irrigation and, F. H. King, 5
Droinaius ater, Vieillot, a Third Specimen of the Extinct, found

in the Royal Zoological Museum, Florence, Prof. Henry H.
Giglioli, 102

Dromaius ater. Specimens of. Prof. Alfred Newton, F.R.S.,

151
Drude (Dr. Paul), Lehrbuch der Optik, 595
Drunkenness and the Weather, Dr. Edwin G. Dexter, 31

Dubois (Prof. Eugene), the Earth's Age, 498
Dubois (Raphael), Living Light, 464
Dublin Royal Society, 95, 262
Dublin Section of the Institution of Electrical Engineers,

Inaugural Address, Applications of Electrical Science, Prof.

G. F. Fitzgerald, 43
Duckworth (W. L. H.), Rechts-und Linkshandigkeit, Dr. Fritz

Lueddeckens, 409 ; on some Anthropological Observations of

the Pangan Tribe of Aborigines in the Malay Peninsula, 633 ;

On Nine Crania collected by J. Stanley Gardiner during his

Expedition to Rotuma, 633
Dufau (Em.), Crystallised Calcium Aluminate, 568
Dufour(M.), the Thermal Properties of Fused Silica, 255
Dufton (A.), an Arrangement for producing Artificial Light of

the same character as Daylight, 563
Dugast (J.), Vinification dans les Pays Chauds—Algerie et

Tunisie, 74
Dunraven (the Earl of). Self-instruction in the Practice and
Theory of Navigation, 337

Dunstan (W. R., F.R.S.), the Poison of Lotus arabicus, 238
Duration, Maximum, of a Total Solar Eclipse, C, T. Whitmell,

64, 86
Duration of Totality of Solar Eclipses at Greenwich, Chas. T.

Whitmell, 269
Durham, on the Concretionary Structures of the Magnesia

n

Limestone of. Dr. G. Abbott, 587
Dutton (C. N.), the Pneumatic Balance Canal Lock, 135
Dwerryhouse (A. R.), on the Subterranean Drainage of the

Limestone, 587
Dyeing Machinery, Electrical, A. E. Sunderland, 457
Dye-stuffs, Artificial, Manufacture in Germany of, 422
Dynamics of Pseudospherical Space, Prof. D. de Francesco, 18

Dynamics, Quaternion Methods applied to, W. G. Barnett, 174

Earth Magnetism and Solar Activity, Latitude Variation, Dr. J.

Halm, 460
Earth, Recent and Proposed Geodetic Measurements, 622

Earth, an Estimate of the Geological Age of the, J. Joly,

F.R.S., 235
Earth's Age, Prof. Eugene Dubois, 498
Earth's Motion, Relation between Solar Activity and, W. G.
Thackery, 20

Earth's Rotation, Demonstration with i metre long Pendulum
of, Alphonse Berget, 288

Earthquakes : Earth-shake near Manchester, 17 ; Greek Earth-



Nature, "|

December 13, 1900 J Index

quakes, 1893-8, M. Eginitis, 85 ; the Great Earthquake of

June 12, 1897, R. D. Oldham, 305 ; Philippine Earthquakes
of 1897, P. J. Coronas, 555 ; Earthquake in Bombay and
Madras, 578

Earthworks, on some Yorkshire, Mrs. Armitage, 637
Eberhardt (M.), Action of Dry and Moist Air on Plants, 312 ;

Influence of Dry Air on Plant Structure, 520
Ebert (A.), Generation of Electricity in Liquid Air, 568
Echinoderms, a Manual of the, F. A. Bather, J. W. Gregory
and E. S. Goodrich, 545

Kckardt (M.)» Expansion of Rubidium during Fusion, 93
Eckerlein (P. A.), Thermal Conductivity of Gases, 639
Eclipses: the Total Eclipse of the Sun, 54, 132, 398; Charles

P. Butler, 54; Sir Norman Lockyer, K.C.B., F.R.S., 104;
M. Deslandres, 233 ; French Observations of the Total
Eclipse of the Sun, 183 ; the Total Eclipse observed at Sea,
Col. E. E. Markwick, 183 ; Solar Eclipse of May 28, 1900,
Actinometric Observations during, J. Violle, 216 ; S. R.
Bennett, 263 ; Prof. Copeland and Thomas Heath, 263

;

the Total Solar Eclipse as observed by the Smithsonian
Expedition, 246 ; Magnetic Observations during, Dr. L. A.
Bauer, 302 ; Maximum Duration of a Total Solar Eclipse,

C. T. Whitmell, 64, 86 ; Duration of Totality of Solar
Eclipses at Greenwich, Chas. T. Whitmell, 269 ; the Dark
Fringes Observed during Total Solar Eclipses, V. Ventosa,
86 ; Photometry of Corona, April 16, 1893, P'"of- H. H.
Turner, 86 ; Eclipse Photography, Prof. Francis E. Nipher,
246 ; Automatic Photography of the Corona, Prof. C.
Burckhalter, 535 ; the Total Eclipse of the Sun of May 17-18,
1901, 202 ; J. J. A. Muller, 389 ; see also British Association

Edelmann (M. T.), High Note Production by Gallon's Whistle,
381

Edinburgh Mathematical Society, 95, 191
Edinburgh Royal Society, 95, 191, 263, 360
Education : Extension of the Dyeing Department of Yorkshire

College, 115 ; a Modern University, 184, 203 ; the Reorgan-
isation of the Education Department, 209 ;' the Board of Edu-
cation and its Consultative Committee, 248 ; the Consultative
Committee and Technical Education, Prof. J. Wertheimer,
294 ; the Teaching of Mathematics, Prof. John Perry, F.R.S.,
317; the Reform of Mathematical Teaching, David Mair,
389 ; Henry Woollen, 436 ; W. F. Beard, 466 ; C. E. Stro-
meyer, 523 ; Oliver Heaviside, 548 ; a Physical Basis of
Precocity, 578

Egerton (H. E.), Sir Stamford Raffles :
" England in the Far

East," 548
Eginiiis (D.), Greek Earthquakes, 1893-8, 85 ; Ancient

Records of Meteor Showers, 203
Egypt : Nile Floods and Monsoon Rains, 391 ; Egyptian Gold,

Daniel Berthelot, 464 ; on Perforate Humeri from 4ncient
Egyptian Skeletons, Prof. A. Macalister, 633 ; on the System
of Writing in Ancient Egypt, F. LI. Griffiths, 634 ; on the
Present State of our Knowledge of the Modern Population of
Egypt, D. Randall-Maclver, 636

Ehrlich (P.), Histology of the Blood : Normal and Pathological,
410

Eichhorn (H.), Resistivity of Bismuth in Magnetic Field, 639
Eider-duck's Summer Moulting Plumage, the, Witmer Stone,

201

Electricity : Maximum Sensitiveness in Coherers for Wireless
Telegraphy, A. Blondel and G. Dobk^vitch, 23 ; Wireless
Telegraphy and Hertzian Waves, S. R. Bottone, 522 ; Human
Body as Screen in Wireless Telegraphy, E. Guarini and

. F. Poncelet, 568 ; Value of Refractive Index of Ice for Electro-
magnetic Radiations, C. Gutton, 23 ; Electro-magnetic Experi-
ment, Prof. S. P. Thompson, 71 ; Therapeutic Electricity and
Practical Muscle Testing, W. S. Hedley, 30; Dublin Section of
the Institution of Electrical Engineers, Inaugural Address, Ap-
plications of Electrical Science, Prof. G. F. Fitzgerald, 43 ; an
Experiment of M. Jaumann, P. Villard, 47 ; the Viscosity of
Dielectrics, F. Beau lard, 47; Electric Micrometer, P. E. Shaw,
67 ; the Lightning Conductors of St. Paul's, K. Hedges, 68

;

Discussion on Prot. Lodge's paper on Volla's Contact Force,
Prof. Armstrong, Mr. Glazebrook and Dr. Lehfeldt, 70 ;

Electrical Power Transmission Works in Northern Italy, 84 ;

Electric Arc between Metallic Electrodes in Nitrogen and
Hydrogen, L. Arons, 93 ; Electrolytic Records of Currents,
P. Gruetzner, 93 ; the Metropolitan District Short Electric

,
Railway Line, 107 ; Nikola Tesla's Recent Elecirical Experi-
ments, 116; Measurement of Standard Resistances, R. T.

Glazebrook, 118; the Theory of Electrolytic Dissociation,

H. C. Jones, 121 ; the St. Lawrence Power W^orks, 135 ;

Standardisation of Electrical Engineering Plant, R. P. Sellon,

135; Advancement of Electrical Chemistry, Dr. F. MoUwo
Perkin, 138: the Kathode Rays, P. Villard, 191 ; Electrical

Resistance of Thin Films deposited by Kathode Discharge,

A. C. Longden, 210 ; Discontinuity of Kalhodic Emission,

P. Villard, 240 ; Significance of Kathode Rays in connection

with Mechanism of Discharge, Dr. Otto Berg, 628 ; Reflec:ior>

and Mechanical Effect of Kathode Rays, H. Starke, 639 ;

Apparatus for production of Short Electric Waves and Study

of Electro-opticJPhenomena, Prof. J. A. Fleming, F. R.S.,2o8-

Change of Conductivity of Gases by Continuous Current,

J. Stark, 211 ; Magnetic Screening for Galvanometers, H. du
Bois, A. C. P. Wills, 211 ; Electrical Traction on Canals, 231 ;

Action of High-frequency Currents on Elementary Respiration,

M. Tripet, 240 ; Experiments on Striated Discharges, R. S.

Willows, 240; Electromotive force of Nickel Steel, Emile
Steinmann, 264 ; Poulsen's Telegraphone, Louis Olivier 273 ;

Newton's Rings from Selenium Rays, A. C. Longden, 273 ;

a String Alternator, K. Honda and S. Shimizu, 286 ; Volta e

la Pila, Prof. Augusto Righi, 293 ; Electrical Organs, Muscle

or Nerve ? Beitrage zur Physiologie des elektrischen Organes
der Zitterrochen (Torpedo), Siegfried Garten, 290 ; Electrical

Power Distribution, Prof. VV. E. Ayrton, F.R.S., 296 ; Electro-

lytic Estimation of Bismuth, Dmitri Balachowsky, 312 ; Resist-

ivity of Bismuth in Magnetic Field, H. Eichhorn, 639 ; Some
Results obtained with a Storage Battery of Twenty Thousand
Cells, Prof. John Trowbridge, 325 ; Electric Touch and
Molecular Changes produced by Electric Waves, Prof. Jagadis

Chunder Bose, 335 ; Interruption Spark in Alternating

Current with Metallic Electrodes, L. Kallir, 335 ; Thermo-
electric force of some Metallic Oxides and Sulphates, A. Abt,

335 ; Anomalous Electro-magnetic Rotary Dispersion, A.

Schmauss, 335 ; Point Discharges, E. Warburg, 335 ; the

Conductivity produced in Gases by the Motion of Negatively-

charged Ions, J. S. Townsend, 340 ; Swift and Son's

Electric Lamp for Microscopy, 351 ; Electrical Effects of Light

on Green Leaves, Dr. A. D. Waller, F.R.S., 358;
Electrical Leakage from Charged Bodies, Prof. J. C. Beatiie,

360 ; Atmospheric Electricity, C. T. R. Wilson, 149 ; John
Aitken, F.R.S., 366 ; Variations with altitude of Air Potential,

Prof. E. Semmola, 375 ; Recording Telephones, 371 ;

Variation of Condenser and Choking-Coil Currents with

Shape of Electromotive Wave, Alex. Russell, 375 ; Electron

Theory of Atomic Magnetism, Robert Lang, 376 ; Subjects

for Consideration by Electrical Engineers, 379 ; Despersion in

Air, J. Elsterand H. Geitel, 381 ; Fluorescence and Phosphores-

cence in Discharge through Nitrogen, P. Lewis, 381 ; Electro-

lysis of Concentrated Solutions of Hypochlorites, Andre
Brochet,383; Circuits formed entirely by Electrolytes, MM.
Carmichel and Swyngedauw, 384 ; Electrolytic Estimation of

Cadmium, Dmitri Balachowsky, 384 ; Electric Batteries, how to

Make and Use Them, 388 ; Moving Charge Not Productive

of Magnetic Field, V. Cremieu, 396 ; Wireless Telegraph in

French Navy, 396 ; What Pressure is Dangerous on Electric

Railways with Overhead Trolley Wires, William Rung, 399 ;

Units at the International Electrical Congress, 414 ; American
Institute and English Institution of Electrical Engineers at

Paris, 415 ; Relative Advantages of Alternate and Con-
tinuous Current for General Supply, with regard to

Interference with Other Interests, M. Ferranti, 415 ; Mr.

Arnold, 415 ; Sir William Preece, 415 ; Dr. Kennelly, 415 ;

Prof. Ayrton, 416 ; M. Corda, 416 ; Prof. Crocker, 416 ; Mr.

Mordey, 417 ; Mr. Mailloux, 417 ; Prof. S. P. Thompson,

417 ; the Niagara Falls Power Company's Works, 422 ;

Rowland's New Method for Measuring Electric Absorption,

L. M. Potts, 432 ; Dielectric Cohesion of Gases, M. Bouty,

432 ; Electricity Direct from Coal, E. F. Bamber, 437

;

Electrical Dyeing Machinery, A. E. Sunderland, 457 ; Ettect

of Thunderstorms on Calcutta Glow Lamps, 457 ; Evapora-

tion not Productive of Loss of Charge, A. Pochettino and A.

Sella, 458 ; Dielectric Cohesion and Explosive Fields, 464 ;

Electrical Determination of Last Sign of Life, A. D. Waller,

492 ; Atmospheric Electricity and Dew-ponds, Arthur

Marshall, 495 ; Wastage of Electrical Properties of

Cables under Continuous Currents, George Rheins,

520 ; the Theory of Ions, 524 ; Ions, Prof. G. F.

Fitzgerald, 564 ; Dr. J. Larmor, 564 ; Prof. H. E.

Armstrong, 564 ; Mr. Whetham, 564 ; Prof. Oliver Lodge,



XVI Index Nature,
,
Dectmber 13, 1900

564 ; W. J. Pope, 564 ; Electric Railway Traction in

<}ermany, 532 ; Negative Effect of Solar Eclipse on Atmo-
spheric, Dr. E. Oddone, 532 ; Report of the British Associa-

tion Electrical Standards Committee on the Removal of the

Standards to Kew, 563 ; Improved Standard Resistance

Coils, R. S. Whipple, 563 ; Prof. F. G. Baily on a Lecture-

room form of Volt and Ammeter, 563 ; Prof. W. B. Morton's

Results Obtained by Applying J. J. Thomson's and Sommer-
feld's Solution of the Propagation of an Electric Wave along

a Single Wire, 563 ; On the Vector Potential of Electric

Currents in a Field where Disturbances are Propagated with

Finite Velocity, S. H. Burbury, 563 ; Wireless Telephony,

Sir William H. Preece, 564 ; Prof. J. Chunder Bose on the

Effect of Electrical Stimulus on Inorganic and Organic

Substances, 564 ; Report of the British Association

Committee on Electrolysis and Electrical Chemistry,

564 ; Generation of Electricity in Liquid Air, H.
Ebert and B. A. Hoffmann, 568; Fall of Potential

in Flame Gases, E. Marx, 568 ; Hall Effect in

Flame Gases, E. Marx, 568 ; Influence of Spark-gap on
Generation of Rontgen Rays, A. Winkelmann, 568 ; on the

Proposed Mono-rail High-speed Electric Railway between
Manchester and Liverpool, Sir William Preece, F.R.S., and
F. J. Behr, 610 ; Inverse Effect of Magnetic Field not Pro-

ductive of Movement in Electrified Bodies, V. Cremieu, 616 ;

Experiments on High Resistance, O. N. Rood, 638

;

Accessory Reactions of Electrolysis, A. Brochet, 639 ; Elec-

tric Conductivity of Pressed Powders, F. Streintz, 639 ; Ratio

of Thermal and Electric Conductivities, E. Griineisen, 639
Elements de la Theorie des Nombres, E. Cahen, 52
Elephant Seals of Kerguelen Island, the, R. Hall, 628
Elephantiasis and Mosquitoes, 374
Elkin (Dr. W. L.), the Velocities of Meteors, 398
Elliott (D. G.), Orearttnus kennedeyi, a New American Moun-

tain Antelope, 321
Elliot (Captain R. H.), Snake Venom, 180
Ellis (Prof. G. v.), Death of, 16

Elster (J.), Electrical Dispersion in Air, 381
Elwes (H- J-. F.R.S.), Mosquitoes and Malaria, 554
Embryonic Tissues, Prof. Marshall Ward, F.R.S., 611
Emett (Delta), Models of Blood-Corpuscles Infected with

Malaria Parasite, 208
Emotion, Experimentation on, Prof. C. S. Sherrington, F.R.S.,

•^28
. .

Emu, a Third Specimen of the Extinct Dromaius ater, Vieillot

;

found in the Royal Zoological Museum, Florence, Prof.

Henry H. Giglioli, 102
Emu, Specimens of Dromaius ater. Prof. Alfred Newton,

F.R.S., 151
Engineering : Valve Motions of Engines, F. J. Vaes, 31 ; Prof.

John Perry, F.R.S., 31 ; the Proposed Mont Blanc Railway,

J. and H. Vallot, 62 ; the Open Hearth Continuous Steel

Process, B. Talbot, 67 ; Apparatus for Equalising Hot Blast

Temperatures, L. G. Gjers and J. H. Harrison, 67 ; the
Metropolitan District Short Electric Railway Line, 107 ; the
Elevated Moving Pavement at the Pai'is Exposition, 107 ;

Railways and Moving Platforms, Prof. John Perry, F.R.S.,

412; Road Locomotion, Prof. Hele Shaw, F.R.S., 139;
Automobile Trials at Paris Exhibition, 158; the Musker
Steam Motor Waggon, 554 ; the Halford Gradient Railway,
180 ; the Conditions of High Speed on Railways, 181

;

Specially built Train for Experiment on Atmospheric Resist-

ance, 200 ; Papers on Mechanical and Physical Subjects,

Osborne Reynolds, 243 ; the Transbaikalian Railway, 253 ;

the Reclamation of Land from Tidal Waters, Alexander
Beazeley, 266 ; the Great Alpine Tunnels, Francis Fox, 281

;

Electrical Power Distribution, Prof. W. E. Ayrton, F.R.S.,
296 ; Marine Engineering, H.M.S. Viper, 322 ; Subjects for

Consideration by Electrical Engineers, 379 ; American
Institute and English Institution of Electrical Engineers at

Paris, 415; Iron and Steel Institute, 535 ; Development of

Iron Industry in France, H. Pinget, 535 ; Iron and Phos-
phorus, J. E. Stead, 535 ; New Aluminium Method of
Producing High Temperatures, E. F. Lange, 536 ; Present
Position of Solution Theory of Carburised Iron, Dr. A.
Stansfeld, 536 ; On the Construction of Shop Buildings and
large Engineering Works, E. K. Clark, 610

England in the Far East, Sir Stamford Raffles, H. E. Egerton,

548
Engknd's Neglect of Science, Prof. John Perry, F.R.S., 221

Enoch (Fred), the Tiger Beetle, 208 ; Ranatra Linearis, 261
Entomology : Spider-silk manufactures in Madagascar, M.
Nogue, 17 ; Note on some Blue and Red Pigments, Prof. T.
D. A. Cockerell, 31 ; Catalogue of the LepiJoptera Phalaenae
in the British Museum, Vol. II., Catalogue of the Arctiadas
(Nolinae, Lithosianse), Sir George F. Hampson, Bart., 77 ;

"Cuckoo-spit," Prof. E. S. Morse, 109; "Cuckoo Spittle,"

the Common Frog Hopper, Dr. A. Porter, 532 ; Garden
Pests, F. H. Chittenden, 109 ; Entomological Society,

118,261,639; the Cape Colony Fruit Moth, Mr. Barrett,

119 ; Influence of Temperature on Development of Lepidop-
tera. Prof. Max Standfuss, 136 ; the Lepidoptera of the
British Islands, Charles G. Barrett, 317; Elm and Pine
Pests, Dr. R. S. McDougall, 191 ; Mosquitoes, W. R.
CoUedge, 201 ; Mosquitoes and Malaria, H. J. Elwes, F.R S.,

554 ; Prof. Grassi's Experiment on Mosquitoes and Malaria,

578 ; Insect Visitors to Iris, Prof. J. G. Needham, 201 ; Web-
Spinning Habits of Red Ant, E. G. Green, 253 ; the Pupae
of Aporia Crataegi, Mr. Merrifield, Oligostigma Araealis, Sir

G. F. Hampson, 261 ; Ranatra Linearis, F, Enock, 261 ;

Phylogeny of Pieridge, A. R. Grote, 274 ; Fig Insects, W.
W. Froggatt, 303 ; Eggs of Wood-Leopard Moth, C.
Repington, 321 ; Functions of an Organ of the Larva of the
Puss Moth, Arthur S. Thorn, 389 ; Function of the Whips
of the Larva of the Puss Moth, W. F. Kirby, 413 ; Brief
Guide to the Commoner Butterflies of the Northern United
States and Canada, Sumuel Hubbard Scudder, 411; the
Fruit-pest Ceratitis Capitata, Alfred Giard, 432 ; Artificial

Ant-hills at Paris Exhibition, C. Janet, 490 ; the Ocelli in the
head of the Cockroach, C. Kochi, 500 ; Catalogue of Eastern
and Australian Lepidoptera Heterocera in the Collection of the
Oxford University Museum, 548; Church Stretton, vol. i..

Macro- Lepidoptera, F. B. Newnham, 571 ; Dragon-fly
Migrations, A. Lancaster, 579 ; Rare British Insects Captured
During Past Summer and Autumn, 606 ; Morphology of Res-
piratory Apparatus of Brochus Ornatus, L. G. Seurat, 639

Entomophthora gloeospora, on the Azygospores of, Prof Vuillemin,
613

Epping Forest and Elsewhere, Disease of Birch Trees in, Robt.
Paulson, 599

Equations, Differential, Theory of, A. R. Forsyth, F.R.S., 1 70
Erinnerungen aus meinem Leben, A. KoUiker, 169
Eros : Ephemerisfor Eros, 20, no, 184, 233, 377, 459, 491, 501,

535.556, 581, 606, 630; Determination of Solar Parallax

from Opposition of Eros, Prof. S. Newcomb, 20 ; Photo-
graphic Observation of Eros, Prof. Howe, 137 ; Howe's
Photographic Observation of Eros, A. C. D. Crommelin, 184 ;

Measures of Eros, 233 ; Opposition of Eros, 425 ; M. Loewy,
630 ; On Preparations for Determining the Solar Parallax by
Observations of Eros, A. R. Hink&, 565 ; Prof. Turner,

565
Escape of Gases from Planetary Atmospheres, S. R. Cook, 54
Escape of Gases from Atmospheres, Dr. G. Johnstone Stoney,

F.R.S., 78
Escombe (F. ), Static Diffusion in Gases and Liquids in Relation

to Carbon-assimilation and Translocation in Plants, 212
Etard(A. ), the Hydrolysis of Fibrous Tissue, 72
Ethnography : Malay Magic, W. W. Skeat, 145 ; see also

Section H of the British Association.

Ethnology : Death and Obituary Notice of Frank H. Cushingj
16 ; the Races of Europe, a Sociological Study, William Z.

Ripley, Prof. A. C. Haddon, F.R.S., 27 ; Der Ursprung der
Kultur, L. Frobenius, loi ; the Recent Cretan Discoveries and
their Bearing on the Early Culture and Ethnography of the

.

East Mediterranean Basin, Arthur J. Evans, 526 ; the Peopling
of Australia, John Mathew, 549

Euglena, the Eye-spot in, H. Wager, 605
Englena Viridis, on a Demonstration of the Structure and

Attachment of the Flagellumin, Harold Wager, 612
Europe : the Races of Europe, a Sociological Study, William

Z. Ripley, Prof. A. C. Haddon, F.R.S., 27; Sette Anni di

Caccia Grossa e Note di Viaggio in America, Asia, Africa,

Europa, Count Felice Scheibler, 244
Evans (A. H.), a Vertebrate Fauna of the Shetland Isles, 75
Evans (Arthur J.), the Recent Cretan Discoveries and their

Bearing on the Early Culture and Ethnography of the East
Mediterranean Basin, 526 ; on the New Scripts discovered

by him in Crete, 526, 634 ; on the Cave of Psychro in Crete,

637
Evans (Sir John, F.R.S.), Palaeolithic Man in Africa, 190



Nature,
December 13,

Index XV 11

Evans (Dr. J. W.), the Mechanically Formed Limestone of

Junagadh, 239
Evaporation not Productive of Loss of Electricity, A. Pochettino

and A. Sella, 458
Evolution : Death and Obituary Notice of the Duke of Argyll,

13 ; Naturalism and Agnosticism, James Ward, 25 ; the

Races of Europe, a Sociological Study, William Z. Ripley,

Prof. A. C. Haddon, F.R.S., 27; Man and his Ancestor,

a Study in Evolution, Charles Morris, loi ; Correlation

between Life-duration and Number of Offspring, M. Beeton,

G. U. Vule, and Karl Pearson, F.R.S., 381 ; the Origin of

Vertebrates, deduced from Study of Ammoccetes, Dr. Gaskell,

423 ; the Subordination of the Individual to the Welfare of

the Species, 593
Ewing (Prof. J. A., F.R.S.), Crystalline Structure of Metals,

211, 567
Ewing's(Prof.), Combined Integrating Wattmeter and Maximum
Demand Indicator, 610

Explorations of the Albatross in the Pacific, 307
Explosives : Researches on Modern, W. Macnab and E.

Ristori, 46 ; Some Modern Explosives, Sir Andrew Noble,

K.C.B., F.R.S., 86, in
Extension of the Dyeing Department of Yorkshire College,

"5
Eye, the Refraction of the, including a Complete Treatise on
Ophthalmometry, A. Edward Davis, 6

Eye : Ueber den Bau und die Entwicklung der Linse, Dr.

Carl Rabl, 125

Fabry, Charles, the Production of Monochromatic Light, 350
Facts of Inheritance, Prof. J. Arthur Thompson, F.R.S., 331
Fairchild (Geo. T ), Rural Wealth and Welfare, 245
Fairiey (T. ), on the Heating and Lighting Power of Coal Gas,

567
Fannenberg (W. de), Lefons Nouvelles sur les Applications

Geomelriques du Calcul differential, 196
"Faraday Effect," Observation of the Circular Components in

the, Prof. D. B. Brace, 368
Farmer (Prof. J. B.), Histologische Beitrage, Heft iv., E.

Strasburger, 28
Farmstead, the. Prof. J. P. Roberts, 53
Fauna of the Shetland Isles, a Vertebrate, A. 11. Evans and

T. E. Buckley, 75
Fauna of South Africa, Mammals, W. L Sclater, 521
Feeding Habits of Rhinoceros Birds in British East Africa,

Change of, Capt. Hinde, Prof. E, Ray Lankester, F.R,S.,

366
Feathers, Racket, L. W. Wiglesworth, 54 ; the Reviewer, 54
Fenton (H. J. H.), on a Simple Method of comparing the
" Affinities " of certain Acids, 567

Ferand (A.), Comet 1900^ (Borelly-Brooks), 464
Feree (M.), Sodium Potassium Amalgams, 312
Fermentation, Micro-Organisms and, Alfred Jorgensen, 195
Ferranti (M.), Relative Advantages of Alternate and Continuous

Current for General Electrical Supply with regard to Inter-

ference with other Interests, 415
Field- Mice (North American Voles), V. Bailey, 232
Fifty Years of Geological Survey in India, 105
Filippi (Dottore Filippo de), La Spedizione di sua Altezza Reale

il Principe Luigi Amedeo di Savoia, Duca degli Abruzzi, al

Monte Sant' Elia (Alaska), 1897, i

Finn (F.), Fancy Water-Fowl, 547
Finsch (Dr. O.), Dugong Vertebra as Bracelet in Pelew

Islands, 36
Fireball of Sunday September 2, the, 535
Fischer (Alfred), the Structure and Functions of Bacteria,

465
Fischer (Emil), the Division of Racemic Amido-Acids into their

Optical Components, 629
Fischer (Dr. K. T.), a Simple Experiment in Thermal Radiation,

103
fisheries : the Scotch Salmon Fishery for 1899, 303
Fishes, Albinism and Natural Selection in, Walter Garstane,
620

^

Fishes, Psychology of. Dr. R. W. Shufeldt, 63
Fitzgerald (E. A.), the Highest Andes, 38
Fitzgerald (Prof. Geo. Eras., F.R S.), the Nature of the Solar

Corona, 7 ; Applications of Electrical Science, 43 ; ^ther
and Matter, Joseph Larmor, 265 ; on the Relation of Radia-

tion to Temperature, 562 ; on the Partition of Molecular

Energy, 562 ; Ions, 564 ; on Cremieu's Experiment, 564
Flatau (Dr. Edw. ), Handbuch der Anatomic und vergleichen-

den Anatomic des Centralnervensystems der Saugetiere, 267

Fleming (Prof. J. A., F.R.S.), Apparatus for Production of

Short Electric Waves and Study of Electro-Optic Phenomena,
208

Flight, the Mechanics of. Lord Rayleigh, 108
Flint Implements of Palaeolithic Type, on the Occurrence

of, on an Old Land Surface in Oxfordshire, A. M. Bell,

636
Flood at Forres, 457
Flora of Bournemouth, including the Isle of Purbeck, E. F.

Linton, 598
Flora, the Origin of the British, Clement Reid, F.R.S., 268

Florence, R. Zoological Museum, a Third Specimen of the

Fxtinct Dromaius ater, Vieillot, found in the. Prof. Henry H.
Giglioli, 102

Fluorine : Le Fluor et ses Composes, Henri Moissan, 291

Folklore: "Malay Magic"; being an Introduction to the

Folk-Loreand Popular Religion of the Malay Peninsula, W. W
Skeat, 145 ; the Ginn in Morocco, Dr. E. Westermarck,

499
Fonzes-Diacon (M.), Crystallised Lead Selenide, 23; Prepara-

tion of some Aluminium Compounds and Corresponding

Hydrogen Derivatives, 95 ; Selenides of Iron, 216 ; Selenides

of Nickel, 592
Food : Dietary Studies of Harvard and Yale University Boat

Crews, Prof. W. O. Atwater and A. P. Bryant, 232
Food, Air, Water and, Ellen H. Richards, Alpheus G. Wood-
man, 620

Forcrand (M. de), a Lithium Peroxide, 143
Ford (W. E.), Calcite Crystals, 568
Forepaws of Mammals, Vibrissas on the, Frank E. Beddard,

F.R.S.,523
Forestry : Les Vieux Arbres de la Normandie, Henri Gadeau
de Kerville, 7 ; Disease of Birch Trees in Epping Forest and
elsewhere, Robt. Paulson, 599; on British Sylviculture,

Samuel Margerison, 611
Forres, Reservoir Burst at, 457
Forsyth (A. R., F.R.S.), Theory of Differential Equations, 170

Fossils : Catalogue of the Fossil Bryozoa in the Department of

Geology, British Museum (Natural History), the Cretaceous

Bryozoa, Vol. I., Dr. J. W. Gregory, 125
Foster (Prof. Le N.), Accidents in Coal Mines, 136
Foundations of Zoology, the, William Keith Brooks, 593
Fourtau (R.), Neogenic Regions of Lower Egypt, 408
Fowler (A.), Orientation of the Field of View of the Siderostat

and Coelostat, 428 ; Report on the Proceedings in Section A,

Astronomy, at the Bradford Meeting of the B.A., 565
Fowler (G. Herbert), the Plankton of the Bay of Biscay, 317
Fowler (G. J.), Elements of Qualitative Analysis, 412
Prowls, Crooked-keeled Breastbone in, Prof. R. J. Anderson,

159
Fox (Francis), the Great Alpine Tunnels, 281

Fox (T. W.), Mechanism of Weaving, 29
Fracture of Steel Rails, the Cause of, 437
France, Leprosy in, 198 ; French Observations of the Total

Eclipse of the Sun, 183
Francesco (Prof. D. de). Dynamics of Pseudospherical Space, 18

Franz Josef Land, the Norwegian North Polar Expedition,

1 893- 1 896, to. Scientific Results, Fridtjof Nansen, J. F. Pom-
peckj, A. G. Nathorst, R. CoUett, 146

Freeland (E. H.), the Causes of Sunstroke, 396
Freshwater Lochs of Scotland, the. Sir John Murray, K.C.B.,

F.R.S., and Fred P. PuUar, 65
Fricker (Dr. Karl), the Antarctic Regions, 624
Friedel (Jean), Action of Total Pressure of Carbon Dioxide on

Assimilation by Chlorophyll, 464
Friedlande (Dr. B.), New Zealand Volcanoes, 180

Friswell (R. J.), the Wellcome Research Laboratories, 271

Frobenius (L.), Der Ursprung der Kultur, loi

Froggatt (W. W.), Fig Insects, 303
" Frost Fighting," A. G. McAdie, 274
Frost, Sunspots and, Alex. B. MacDowall, 599
Furbringer (Dr. ), New Subdivision of Vertebrates, 397
Fungi found in Ceylon Growing on Scale Insects, on, J.

Parkin, 613
Fungus Diseases of Citrus Trees in Australia, and their Treat-

ment, D. McAlpine, 494



Index r Natu
December 13, 1900

Gahl (Dr. R.), Method of Confirming Thermo-dynamical
Relations between Freezing Point and Vapour Pressures of

very Dilute Solution, 37
Gain (Edniond), Mummy Cereals, 191

Gallon (Francis, F.R.S.), Analytical Portraiture, 320; Photo-

praphic Side of Analytical Portraiture Suggestions, 374 ;

High Note Production by Galton's Whistle, M. T. Edel-

mann, 381
Galveston, the Lessons of, W. J. McGee, 604
Galveston Hurricane, Track of, 628
Gamble (F. W. ), Graffs Monographic der Turbellarien, H.,

TricladidaTerracola (Landplanarien), 241 ; Colour- changes in

Prawns, 555 ; on the Colour-changes of Various Prawns, 590
Garden-pests, F. H. Chittenden, 109
Gardening : the Amateur's Practical Garden Book, C. E.

Hund, L. H. Bailey, loi

Gardiner (Stanley), Report of B.A. Committee on the Struc-

ture, Formation, and Growth of the Coral Reefs of

the Indian Ocean, 589-590 ; on Nine Crania Collected

by J. Stanley Gardiner during his Expedition to Rotuma,

633
Gardner (Edmund G.), Dante, 53
Gardner (W. M.), an Arrangement for Producing Artificial

I ight of the same Character as Daylight, 563
Garson (Dr. J. G. ), the English Metric System of Criminal

Identification, 190
Garstang (Walter), Albinism and Natural Selection, 620
Garten (Siegfried), Beitrage zur Physiologic des elektrischen

Organes der Zitterrochen (Torpedo), 290
Gas Producer, Portable, Dr. J. A. I'urves, 601
Gas Thermometry, Dr. P. Chappuis, 214
Gases : Escape of Gases from Planetary Atmospheres, S. R.

Cook, 54; Escape of Gases from Atmospheres, Dr. G.
Johnston Stoney, F.R.S., 78, 359; Viscosity of Gases as

affected by Temperature, Lord Rayleigh, F.R.S., 287; the
Conductivity produced in Gases by the Motion of Negatively-
charged Ions, J. S. Townsend, 340 ; on the Results of Dr.
Larmor's Application of the Principle of Least Action to the
Statistical Dynamics of Gas Theory, as illustrated by Meteor
Swarms and Optical Ray Systems, Dr. Larmor, 562 ; G. E.
Petaval's Apparatus for Experiments on the Explosive
Pressures of Gases, 563 ; Phosphorescent Glow in Gases,

J. B. B. Burke, 564 ; on the Specific Heat of Gases up to

a Temperature of 400°, Prof. H. B. Dixon, F. W. Rixon,
566

Gaskell (Dr.), the Origin of Vertebrates deduced from Study of
Ammocoetes, 423

Gault and Upper Greensand of England, the. Memoirs of
the Geological Survey of the United Kingdom, the Cretaceous
Rocks of Britain, vol. i., A. J. Jukes-Browne, Prof. T. G.
Bonney, F.R.S., 617

Gautier (Armand), Combustible Gases of Atmosphere, 216,
264, 288 ; Combustible Gases in Paris Air, 568 ; Limits of
Combustibility by Red-hot Copper Oxide of Hydrogen and
Methane diluted with large Volumes of Air, 119; Arsenic
and Iodine in Animal Economy, 383

Gegenschein, Meteoric Theory of the, F. R. Moulton, 305
Geitel (H.), Electrical Dispersion in Air, 381
Gemmill(Dr. J. F.), on the Anatomy of the Head in Cyclopean

Trout Embryos, 589
Genesis of the Vertebrate Column, Herbert Spencer, 620
Gentil (L.), International Geological Congress, 557
Geodesy : Apparatus for Measuring Geodetic Bases, Alphonse

Bergot, 408 ; Recent and Proposed Geodetic Measurements,
622

Geography : La spedizione di sua Altezza Reale il Principe
Luigi Amedeo di Savoia, Duca degli Abruzzi, al Monte Sant'
Elia (Alaska), 1897, Dottore Filippo de Filippi, i ; Prelimi-
nary Notes on the Result of the Mount Kenya Expedition,
1899, H. J. Mackinder, 12; Royal Geographical Society
Medal Awards, 34 ; Grandididier's Expedition to Madagascar,
35 ; Second Expedition to Head Waters of Xingu, Dr. Her-
mann Meyer, 36; the Highest Andes, E. A. Fitzgerald,
Edward Whymper, 38 ; the Fresh-water Lochs of Scotland,
Sir John Murray, K.C.B., F.R.S., and Fred P. Pullar, 65 ;

the Salt Lake of Larnaca, C. V, Bellamy, 94 ; Death and
Obituary Notice of Miss M. H. Kingsley, 134 ; the Geography
of the Region about Devil's Lake and the Dalles of the Wis-
consin, Prof. R. D, Salisbury, W, W. Atwood, 172 ; Area
of Basins of Russia in Asia, J. de Schokalsky, 408 ; the

Ndonda District, H. A. Byatt, 422 ; Pflanzen und Tierver-

breitung, Prof. Alfred KirchhofT, Dr. Otto Stapf, 569 ; Sur-

veying and Exploring in Siam, James McCarthy, 571 ; Return
of Amdrup's Arctic Expedition, 577 ; the Lessons of Galveston,
W. J. McGee, 604 ; the Navigation of the Lower Mississippi,

L. M. Haupt, 604 ; the School Journey, a Means of Teaching
Geography, Physiography and Elementary Science, Joseph IL
Cowham, 619 ; the Antarctic Regions, Dr. Karl Fricker, Dr.
Hugh Robert Mill, 624 ; Through the First Antarctic Night,

1898-99; Frederick A. Cook, Dr. Hugh Robert Mill, 624;
Physical Geography, Circulation of Surface Waters of North
Atlantic, H. N. Dickson, 286

Geology : Rock Structures in the Isle of Man and in South
Tyrol, Dr. Maria M. Ogilvie Gordon, 7 ; Preliminary Notes
on the Results of the Mount Kenya Expedition, 1899, H. J.
Mackinder, 12 ; Geology of Klondike Goldfields, R. G.
McConnell, 63 ; Death and Obituary Notice of James Thom-
son, 83 ; Geology of Bermudas, A. E. Verrill, 92 ; Long-
myndian Inliers at Old Radnor, Dr. Charles Galloway, 94 ;

the Crag of Essex, F. W. Harmer, 94 ; Fifty Years of Geo-
logical Survey in India, 105 ; Catalogue of the Fossil Bryozoa
in the Department of Geology, British Museum (Natural

History), the Cretaceous Bryozoa, vol. i.. Dr. J. W. Gregory,

125; the Norwegian North Polar Expedition (1893-1896) to

Franz Josef Land, Scientific Results, Fridtjof Nansen, J. F.

Pompeckj, A. G. Nathorst, R. Collett, 146 ; Geological

Society, 94, 167, 239, 262 ; Igneous Rocks of Waterford

Coast, F. R. C. Reed, 167 ; New Rock-type from Kentallen,

J. B. Hill and H. Kynaston, 167 ; the Carboniferous Strata

of Nossi-Be, M. Villiaume, 168 ; the Geography of the Re-
gions about Devil's Lake and the Dalles of the Wisconsin,

Prof. R. D. Salisbury, W. W. Atwood, 172 ; the Copper-
bearing Rocks of Wisconsin, Dr. U. S. Grant, 181 ;

A Monograph of Christmas Island (Indian Ocean), Physical

Features and Geology, C. W. Andrews, 193 ; the Origin and
Formation of the Red Sea, A. Issel, 201 ; an Estimate of

the Geological Age of the Earth, J. Joly, F.R.S., 235 ; the

Mechanically-formed Limestone of Junagadh, Dr. J. W.
Evans, 239 ; the Consolidated Oolite Sands of Kathiawad,
Frederick Chapman, 239 ; Ceylon Rocks and Graphite,

A. K. C. Swamy, 239 ; Jubilee of the Imperial Geological

Institute of Vienna, 258 ; the Order of Crystallisation of Sili-

cates in Igneous Rocks, Prof. J. Joly, F.R.S., 262 ; Theory
of Order of Crystalisation of Minerals in Igneous Rocks, J. A.

Cunningham, 262, 368 ; Death and Obituary Notice of Prof.

G. H. F. Ulrich, 272 ; the Clays of Alabama, Drs. E. A.
Smith and H. Ries, 274 ; Rhythms and Geologic Time,

G. K. Gilbert, 275 ; Volcanic Rocks from Temisconata Lake,
H. E. Gregory, 286 ; the Statement of Rock Analysis, H. S.

Washington, 286 ; Explorations of the Albatross'm the Pacific,

307 ; the Flow of Marble, Prof. F. D. Adams and J. T,
Nicolson, 335 ; Sea Coast Destruction and Littoral Drift,

W. H. Wheeler, 400 ; Neogenic Regions of Lower Egypt, C.

Deperet and R. Fourtau, 408 ; Snow-Drifts on Ingleborough,

Prof. T. G. Bonney, F.R.S., 412; New Observations on
High Dordogne Valley, A. Michel-Levy, 432 ; Amount of

Circulation of Carbonate of Lime and Earth's Age, Prof.

Eugene Dubois, 498 ; Geology of Lake District, J. E. Marr,

534 ; International Geological Congress, L. Gentil, 557 ;

Church Stretton, vol. i.. Geology, E. S. Cobbold, 571 ; the

Ravine of Chevallegres and Torrent Retrogression, Stanislas

Meunier, 592 : Memoirs of the Geological Survey of the

United Kingdom. The Cretaceous Rocks of Britain, vol.

i. The Gault and Upper Greensand of England, A. J.

Jukes-Browne, Prof. T. G. Bonney, F.R.S., 617 ; the

Colorado Canyon District, W. M. Davis, 638
Geometry : A First Geometry Book, J. G. Hamilton, F. Kettle,

loi ; Leyons Nouvelles sur les Applications Geometriques du
Calcul Differential,W. D. Fannenberg, 196 ; Two Remarkable
Groups of Loci, E. Mathias, 240

Geometrical Optics ; Le9ons d'Optique Geometrique a 1' Usage
des Eleves de Mathematique Speciales, E. Wallon, 30

Geothermal Gradient in Michigan, A. C. Lane, 210
Gerin (F.), Acetyl Derivatives of Cellulose and Oxycellulose,

616
Germany : Employment of Chemists in German Factories, 84 ;

Manufacture of Artificial Dye-Stuffs in Germany, 422 ;

Electric Railway Traction in Germany, 532 ; Association of

German Naturalists and Physicians, 553 ; Annual Con-
gress of German Anthropological Society, 632



Nature,
December 13,

Inaex XIX

Gessard (C), Tyrosinase, 96
Ghizeh Zoological Gardens, 374
Giacobini, Comet, (igooa), 37, 256
Giard (Alfred), the Fruit- Pest Ceratitis capitata, 432
Gibson (W.), on Rapid Changes in the Thickness and Character

of the Coal Measures of North Staffordshire, 587
Gifford (J. W.), a Quartz-Calcite Lens with Identical Visual

and Photographic Focus, 563
Giglioli (Prof. Henry H.). a Third Specimen of the Extinct

Droinaius ater, Vieillot, found in the R. Zoological Museum,
Florence, 102

Gilbert (G. K.), Rhythms and Geologic Time, 275
Gilbody (A. W.), Brazilin (iv), 71

Gill (Sir David), Report of the Cape Observatory, 398
Ginn, The, in Morocco, Dr. E. Westermarck, 499
Giraffe, the Sub-Species of, 35
Gjers (L. G.), Apparatus for Equalising Hot Blast Tempera-

tures, 67
Glaciation : Snow-Drifts on Ingleborough in July, Prof. T.
McKenny Hughes, F.R.S., 389

Gladstone (Dr. J. H.), Wantof Uniformity of Action of Copper-
Zinc Alloys on Nitric Acid, 70

Glasgow, the Plague in, 456, 498, 577
Glass, the Action of Water upon, Edmund F. Mondy, 246
Glass (VV. ), on the Coal and Iron Ore Fields of Shansi and

Honan, 610
Glazebrook (R. J.), Dr. Lodge's Paper on Volta's Contact

Force, 70 ; Measurement of Standard Resistances, 118
Gley (E.), Presence of Iodine in Blood, 216
Glucosides, the, Dr. J- J. I. van Rijn, 363
Goeldi (Dr.), Indian Burial Caves in Rio Cunany, Brazil, 500
Gold : the Cyanide Process of Gold Extraction, James Park,

148 ; Diamond Drilling for Gold and other Minerals, G. A.
Denny, 435 ; Egyptian Gold, Daniel Berthelot, 464

Goodman's (Prof. ) New Form of Calorimeter for Measuring the
Wetness of Steam, 610

Goodrich (E. S.), a Manual of Echinoderms, 545
Goransson (G. F.), Death and Obituary Notice of, 83
Gordon (Dr. Maria M. Ogilvie), Rock-structures in the Isle of
Man and in South Tyrol, 7

Goret (Maurice), Composition of Albumin of Gleditschia tri-

acanthos Seed, 264
Gotch (Prof.), on the Physiological Effect of Local Injury in

Nerve, 589
Gottingen Royal Society, 96, 384
Goutal (M.), Chemical Constitution of Steel, 288
Government Laboratory, Report of. Dr. T. E. Thorpe, F.R.S.,

499
Grand'Eury (M.), Sigillaria, 23 ; Cordaites, 47
Graetz (L.), Mechanical Motions under Influence of Kathodes
and Rontgen Rays, 92

Graff (Prof. Ludwig von), Monographie der Turbellarien, II.

Tricladida ierrcuola (Landplanarien), 241
Grammar of Science, the. Prof. Karl Pearson, F.R.S., 49
Grandidier's Expedition to Madagascar, 35
Grant (Dr. U. S. ), the Copper-bearing Rocks of Wisconsin,

181

Grass, Effect of Iron upon the Growth of, 151
Grassi (Prof.), Mosquitoes and Malaria, 578, 627 ; Mosquitoes
and Filaria immitis. 627

Gravitation : Recent Studies in Ciravitation, Prof. John H.
Poynting, F. R.S., 403

Gray (Prof. A., F.R.S.), the Stability of a Swarm of Meteorites
and of a Planet and Satellite, 582

'

^ray (J- ). on the Physical Characteristics of the Population of
West Aberdeenshire, 635-6

Greek Earthquakes, 1893-8, M. Eginitis, 85
Green (E. G.). Web-spinning Habits of Red Ant, 253
Greenly (E.), on the Ancient Peneplains in North Wales, 587
Greenwich, the Royal Observatory, 233 ; Duration of Totality

of Solar Eclipses at, Chas. T. Whitmell, 269
Gregory (H. E.), Volcanic Rocks from Temisconata Lake, 286
Gregory (Dr. J. W.), Catalogue of the Fossil Bryozoa in the

Department of Geology, British Museum (Natural History).
The Cretaceous Bryozoa, Vol. i., 121; ; a Manual of Echino-
derms, 545

Gregory (R. A.), Elementary Physics and Chemistry, 620
Griffiths (E. H.), a Form of Wheatstone Bridge for Determining

the Freezing-points of Dilute Solutions by Platinum Thermo-
metry, 563

Griffiths (F. LI. ), on the System of Writing in Ancient Egypt,

634
Grignard (V.), New General Method of Preparing Secondary
and Tertiary Alcohols, 85

Grimaux (Edouard), Death and Obituary Notice of, 34
Grote (A. R.), Phytogeny of Pieridoe, 274
Growth of Grass, Effect of Iron upon the, 151
Gruetzner (P.), Electrolytic Records of Electric Currents, 93
Griineisen (E. ), Ratio of Thermal and Electric Conductivities,

639
Guarini (E.), Human Body as Screen in Wireless Telegraphy,

568
Guichard (Marcel\ Blue Oxide of Molybdenum, 384, 408
Guest (J. J.), Strength of Ductile Materials under Combined

Stresses, 118

Guillaume (Dr. Ch. Ed.), the International Physical Congress,

425
Guldeberg (Dr. G.), Body Temperature of Cetacea, 159
Guns : the Distance to which the Firing of Heavy Guns is

Heard, Dr. Charles Davison, 377 ; J. W. Mallet, 523
Gunther (R. T. ), on Mnestra parasites, 589 ; on the Coast 01

the Phlegraean Fields near Naples, 591
Guntz (M.), Sodium-potassium Amalgams, 312
Gutton (C), Value of Refractive Index of Ice for Electro-

magnetic Radiations, 23
Gymnosporangium from China, on a, Prof. F. E. Weiss, 613

Haddon (Prof. A. C, F. R.S.), the Races of Europe ; a Socio-

logical Study, 27 ; Decorative Arts of Sea-Dyaks of Sarawak,
68 ; Mexican Symbolism, Carl Lumholtz, 600 ; on the Tex-
tile Patterns of the Sea-Dyaks, 634 ; on Relics of the Stone
Age in Borneo, 637 ; on the Preservation of Local Antiquities,

637
Hsemamoebids, Generative Process in. Prof. E. R. Lankester,

424
Hsemoglobin not Estimable by Absorbing Power of Blood,

L. G. de St. Martin, 520
Hail Preventive, Cannon-fire as a, 158
Hailstorm, a Remarkable, J. G. Roberts, 341
Halford Gradient Railway, the, 180

Hall (R.), a Key to the Birds of Australia and Tasmania, with

their Geographical Distribution in Australia, 6 ; Nesting

Habits of Australian Diamond Bird, 303 ; the Elephant
Seals of Kerguelen Island, 628

Haller (A.), the )3-alkyloxy-a-cyanocrotonic Esters, 71 ; Action

of Hydrogen Bromide on Dextro-rotatory Benzylidene

Camphor, 119; iSphenyland j8-benzyl-a-alkoxy-a-cyanoacrylic

Acids, 191 ; Synthesis of oo-dimethyl-7-cyano-cyanotricar-

ballylic Ester, 264
Haller (Dr. B.), Brain of Pond-Tortoise, 324
Halm (Ur. J.), Latitude Variation, Earth Magnetism, and Solar

Activity, 460
Hamilton (I. G.), a First Geometry Book, loi

Hampson (Sir George F., Bart.), Catalogue of the Lepidoptera

Phalaenae in the British Museum. Vol. ii. Catalogue of the

Arctiadoe (Nolinse Lithosianse), 77 ; Oligostigina araealis, 261

Handbuch der Anatomic und Vergleichenden Anatomie des

Centralnervensystems der Saugetiere, Dr. Edw. Flatau, Dr.

L. Jacobsohn, 267
Hannay (J. B.), Dark Images of Photographed Lightning Dis-

charges, 389
Hardcastle (Miss F.), the Present State of the Theory of Point

Groups, 561
Harlay (V.), Proteolytic Ferment of Germinating Seeds, 640
Harmer (F. W.), the Crag of Essex, 94 ; on the Influences of

Winds upon Climate during Past Epochs, 588
Harris (R. A.), a Partial Explanation of some of the Principal

Ocean Tides, 258
Harrison (J. H.), Apparatus for Equalising Hot Blast Temper-

atures, 67
Hart (J. H.), Action of Light on Magnetism, 286

Hartland (Mr.), on the Animal Cults of the Natives of Sarawak
and their bearing on the Problems of Totemism, 635

Hartley (H. B.), Properties of Crystals yielding Doubly
Refracting Liquids on Fusion, 68

Hartog (Prof. Marcus), on a Peptic Zymase in Young Embryos,

589
Harvard College Observatory, 137
Harvard Photometry, Photometric Revision of, 37



XX Index r Nature,

L December 13, 1900

Harveian Oration of 1900, the. Historical Aspects of the Dis-

covery of the Circulation of the Blood, Prof. T. Clifford

Allbutt, F.R.S., 630
Harze, Die, und die HarzebehJilter, A. Tschirch, 316
Haselgrove (F. W.), Robin's Nest in Water-can, 17

Haswell (Prof. W. A., F.R.S.), Didymorchis, 640
Haupt (L. M.), the Navigation of the Lower Mississippi, 604
Hawthorn (J.), on the Relation of Ulva lattssima to the

Pollution of Sea-water by Sewage, 61

1

Hazewinkel (J.), Indican, 47
Heat : a New Thermo-calorimeter, G. Massol, 23 ; Method of

confirming Thermo-dynamical Relations between Freezing

Point and Vapour Pressures of very Dilute Solution, Dr. R.
Gahl, 37 ; Researches on Accurate Determination of Temper-
ature of Explosion of Modern Explosives in Closed Vessel,

W. Macnab and E. Ristori, 46 ; the Depression of the

Freezing-point in Salts containing a Common Ion, J. Barnes,

64 ; Heat of Alloy Formation, J, B. Taylor, 70 ; Want of

Uniformity of Action of Copper-zinc Alloys on Nitric Acid,

Dr. J. H. Gladstone, 70 ; Temperature and Potential

Gradient in Rarefied Gases, G. C. Schmidt, 92 ; Boiling-

point Curves, C. L. Speyers, 92 ; Geothermal Gradient in

Michigan, A. C. Lane, 210; Thermal Deformation of

Balances, T. Middel, 211; Additive Character of Atomic
Heats, S. Meyer, 211 ; Gas Thermometry, Dr. P. Chappuis,

214; the Gas Thermometer at High Temperatures, L.

Holborn and A. L. Day, 568 ; a Comparison of Impure
Platinum Thermometers, H. M. Tory, 214 ; the Law of

Cailletet and Mathias and the Critical Density, Prof. S.

Young, 214 ; the Expansion of Fused Silica, H. Le Chatelier,

216 ; the Thermal Properties of Fused Silica, P. Villard and
M. Dufour, 255 ; Rise ofTemperature in Fabrics when Moist-
ened, Dr. L. Cobbett, 239 ; Viscosity of Gases as affected by
Temperature, Lord Rayleigh, F.R.S., 287 ; Temperature
of Maximum Density of Aqueous Solution of Ammonium
Chloride and Lithium Bromide and Iodide, L. C. de Coppet,
312 ; Temperature Coefficients of Physico-chemical Reaction,
Prof. T. W. Richards, 351 ; the Air-thermometer at High
Temperatures, L. Holborn and A. Day, 381 ; Boiling Points

of Zinc and Cadmium, Daniel Berthelot, 384 ; the Rate of

Increase of Underground Heat, James Stirling, 555 ; Ratio
of Thermal and Electric Conductivities, E. Griineisen, 639 ;

Thermal Conductivity of Gases, P. A. Eckerlein, 639
Heath (Thomas), the Solar Eclipse of May 28, 263
Heaviside (OHver, F. R.S.), the Teaching of Mathematics, 548
Hedges (K.), Lightning Conductors of St. Paul's, 68
Hedley (W. S.), Therapeutic Electricity and Practical Muscle
Testing, 30

Heilprin (Prof. A.), the Permanence of Lake Nicaragua, 395
Heinrich (W.), Die Moderne Physiologische Psychologic in

Deutschland, 245 ; Zur Prinzipienfragen der Psychologie,

245
Hele-Shaw (Prof., F.R.S.), Road Locomotion, 139; on the

Question of the Resistance of Vehicles to Traction, 609
Hemptinne (A. de), Phosphorescence unaffected by Magnetic

Field, 323
Hemsalech (G. A.), Band Spectrum of Aluminium, 335
Hemsley (W. Botting, F.R.S.), the High Level Flora of Tibet,

46 ; Illustrations of the Botany of Captain Cook's Voyage
Round the World in H.M.S. Endeavour in 1768-71, Right
Hon. Sir Joseph Banks and Dr. Daniel Solander, with
Determinations by James Britten, 547

Henderson (G. G.), an Introduction to Analytical Chemistry,
292

Henkel (F. W.), Huxley and his Work, 437
Henry (Prof. A. J.), Elevation and Depression of Lake Level
by Wind Action, 579 ; Tide Oscillation on Lake Erie, 579

Henry (T. A. ), the Poison of Lotus Arabicus, 238
Hepworth (Captain Campbell), on the Weather of the North

Atlantic Ocean during the Winter 1898-9, 563
Herb Paris, Variations in Plants of the. Miss L. Eleanor Jex-

Blake, 174
Herculis, New Variable in, Madame Ceraski, 305
Heredity : Collateral Heredity, Measurements in Schools, Prof.

Karl Pearson, F.R.S., 173, 599; Human Babies, what they
Teach, S. S. Buckman, 221 ; Facts of Inheritance, Prof. J.
Arthur Thompson, F.R.S., 331 ; Lamarkiens et Darwiniens,
Felix Le Dantec, 388 ; Homochronous Heredity and Changes
of Pronunciation, Charles G. Stuart-Menteath, 524 ; Homo-
chronous Heredity and the Acquisition of Language, Prof.

R. Meldola, F.R.S., 572; the Foundations of Zoology,
William Keith Brooks, 593

Hergesell (Dr.); Temperature of Free Air, 253
H^rissey (E.), Preparation of Gento Picrine and Glucoside

from Fresh Gentian Root, 288
H^rissey (H.), Reserve Carbohydrates in Seed of Trifolium

Repens, 216
Herouard (Edgard), Traite de Zoologie Concrete, T. ii. I'e

partie, Mesozoaires—Spongiaires, 122

Herschel (Prof. A. S., F.R.S.), some Notes on the Late Prof.

Piazzi Smyth's Work in Spectroscopy, 161

Herschel (John), on a Method of Observing and Recording the

Paths of Meteors, 565
Hertz (Heinrich), the Principles of Mechanics presented in a

New Form, 50
Hertzian Waves, Wireless Telegraphy and, S. R. Bottone,

522
Hervey (D. ), Plotosus canius and the " Snake-stone," 79
Hibiscus vitifolius, on the Intumescences of, Miss Elizabeth

Dale, 611
Hickson (Prof. S. J.), on Dendrocometes, 589
Highest Andes, the, E. A. Fitzgerald, Edward Whymper, 38
Hill (J. H.), New Rock-type from Kentallen, 167
Hillebrand (W. F. ), Carnotite, 432
Hime (Dr. T. W.), on the Effects of Copper on the Human

Body, 566
Hinde (Captain), Change of Feeding Habits of Rhinoceros-

birds in British East Africa, 366
Hinks(A. R.), on some Points connected with the Photography

of a Moving Object, 565 ; on the New Form of Refracting

Telescope recently erected at Cambridge, 565 ; on Prepara-

tions for Determining the Solar Parallax by Observations of

Eros, 565
Hinrichs (G.), True Atomic Weight of Boron, 216 ; Composi-

tion of Air at Different Levels, 432
Histologische Beitrage, Heft IV., E. Strasburger, Prof. J. B.

Farmer, 28
Histology of the Blood : Normal and Pathological, P. Ehrlich

and A. Lazarus, Dr. T. H. Milroy, 410
History of the Development of Chemistry since the Time of

Lavoisier, Lectures on the, Dr. A. Ladenburg, 618
History of Language, the, Henry Sweet, 195
Hoffmann (B. A.), Generation of Electricity in Liquid Air, 568
Hogarth (D. G.), on the Cave of Psychro in Crete, 637
Holborn (L.), the Air Thermometer at High Temperatures,

381 ; the Gas Thermometer at High Temperatures, 568
Holdich (Colonel Sir Thomas H.), on the Question of a Rail-

way Connection betweeen Europe and India, 590
Holleman (Dr. A. F.), Lehrbuch der Anorganischen Chemie,

598
Holmes (W. M.), Radiolaria from Coalsdon Upper Chalk,

W. M. Holmes, 262
Homochronous Heredity and Changes of Pronunciation,

Charles G. Stuart-Menteath, 524
Homochronous Heredity and the Acquisition of Language, Prof.

R. Meldola, F.R.S., 572
Honda (K.), a String Alternator, 286
HoogewerfF(Prof.), Indican, 47
Hooper (David), Bamboo Manna, 127
Hopkinson (J.), on the Rainfall of the Northern Counties of

England, 563
Horovitch (Jacob), Untersuchungen iiber Philons und Platons

Lehre von der Weltschopfung, 494
Horrocks (Jeremiah) and the Transit of Venus, 257
Horse-sickness, African, a Possible Preventive of. Dr. G. C.

Purvis, 83
Horticulture : the Amateur's Practical Garden Book, C. E.

Hunn, L. H. Bailey, loi ; Plant Hybrids, Wilfred Mark
Webb, 174 ; the Fruit-pest Ceratitis capitata, Alfred Giard,

432 ; Carnations and Picotees for Garden and Exhibition,

H. W. Weguelin, 598
Hose (Dr. C), on Relics of the Stone Age in Borneo, 637 ; on

the Animal Cults of the Natives of Sarawak and their Bearing

on the Problems of Totemism, 634
Houston (Dr. A. C), the Principles of Bacteriology, Dr.

Ferdinand Hueppe, 73 ; the Bacterial Treatment of Sewage,

128 ; the Structure and Functions of Bacteria, Alfred

Fischer, 465
Howard (Dr. L. O.), Mosquitoes and Malaria, 500
Howe (Prof.), Photographic Observation of Eros, 137, 184



Nature, 1
December 13, 1900

J

Index

Howies (F. H.), j8-Isopropylglutaric Acid and Cis- and Trans-

methyiisopropylglutaric Acids, 143
Hudson (W. H.), Nature in Downla'nd, 417
Huepf)e (Dr. Ferdinand), the Principles of Bacteriology, 73
Hughes (Prof. T. McKenny, F.R.S.), Snowdrifts on Ingle-

borough in July, 389
Hulett (G. A.), the Purification of Mercury, 160
Human Babies : What they Teach, S. S. Buckman, 221

Humeri, Perforate, on, from Ancient Egyptian Skeletons, Prof.

A. Macalister, 633
Hunn (C. E.), the Amateur's Practical Garden Book, loi

Huns, the White, C. de Ujfalvy, 323
Hunt (A. R.), Microphotography, Isophotography, Mega-

photography, 79
Hurion (A.), Composition of Mont Dore Gas, 47
Hurricane, Disastrous Hurricane in the United States, 489
Hurricane, Galveston, the Lessons of, 604 ; Track of, 628
Huxley Memorial Statue, the Unveiling of the, lO

Huxley and his Work, F. W. Henkel, 437 ; C. Simmonds, 495
Huxley (Thos. H., LL.D., F.R.S.), Lessons in Elementary

Physiology, 363
Hybrids, Plant, Wilfred Mark Webb, 174
Hydrodynamics : Vorlesungen Uber hydrodynamische Fern-

krafte nach C. A. Bjerknes' Theorie, V. Bjerknes, Prof.

G. H. Bryan, F.R.S., 3
Hydrography: the Severn Bore, Vaughan Cornish, 126; a

Partial Explanation of some of the Principal Ocean Tides,

R. A. Harris, 258 ; the Cruise and Deep-sea Exploration of

the Siboga in the Indian Archipelago, 327
Hygiene : the Bacterial Treatment of Sewage, Dr. Frank
Clowes and Dr. Houston, 128; First-stage Hygiene, Robert A.
Lyster, 173 ; Use of Sodium Peroxide for Purifying Wells
containing Carbonic Acid, E. Derenne, 432 ; Principes

d'Hygiene Coloniale, Dr. Georges Treille, 620

Ichthyology : Psychology of Fishes, Dr. R. W. Shufeldt, 63 ;

Abnormalities of Limbs and Tail of Dipnoan Fishes, H. H,
Brindley, 215 ; Beitrage zur Physiologic des elektrischen
Organes der Zitterrochen (Torpedo), Siegfried Garten, 290 ;

Leptocephales, Young of Conger-eel, E. R. Waite, 324 ;

Racovitza Glacialis, New Antarctic Fish, Louis Dollo, 350 ;

a Large Tasmanian Crab, Alex Morton, 496 ; the Nest-
building Brook- Lamprey, Messrs. Young and Cole, 500

Identification, Criminal, the English System, Dr. J. G. Garson,
190.

India : Cambrian Fossils of Eastern Salt-range, Dr. K. Red-
lich, 36 ; Fifty Years of Geological Survey in India, 105 ;

Bamboo Manna, David Hooper, 127 ; Crainology of Hill
Tribes, Sir Wm. Turner, F.R.S., 263; the Great Earth-
quake of June 12, 1897, R. D. Oldham, 305 ; the Cruise
and Deep-sea Exploration of the Siboga in the Indian
Archipelago, 327

Indiana, Wire Fence Telephony in, 374
Indican, J. Ilazewinkel, 47 ; Prof. Hoogewerff and H. ter

Meulen, 47
Indigo, Artificial, Manufacture in Germany of, 422
Indigo Fermentation, Prof. Beyerinck, 47
Industry, Science in Relation to Art and, 32
Infusoria, the Eye-spot in Euglena, H. Wager, 605
Ingall (E. D.), Mineral Production of Canada, 499
Ingleborough, Snow-drifts on, in July. Prof. T. McKenny

Hughes, F.R.S., 389 ; Prof. T. G. Bonney, F.R.S., 412
Ink, Writing, Dr. T. E. Thorpe, 554
International Association of Academics, the, 249
International Catalogue of Scientific Literature, the, 197, 206
International Congress of Applied Chemistry, 519
International Geological Congress, L. Gentil, 557
Introduction to Physical Chemistry, James Walker, Prof.
Arthur Smithells, 76

Introduction to Zoology, C. B. Davenport, Gertrude C.
Davenport, 433

Ions, the Theory of, 524
Irano Indians, Craniology, M. Ujfalvy, 351
Iris, Insect Visitors to, Prof. J. G. Needham, 201
Iron: Iron and Steel Institute, 67, 535; Solution Theory Ap-

plied to Molten Iron and Steel, John Parry, 128; Effect of
Iron upon the Growth of Grass, 151 ; Permeability of Iron
under the Influence of the Oscillatory Discharge from a
Condenser, E. W. Marchant, 413

Iroquois of Ontario, on the Paganism of the, David Boyle,

63s
Irrigation and Drainage, F. II. King, 5
Irvine (Dr. R. ), on the Mechanical and Chemical Changes
which take place during the Incubation of Eggs, 589

Irving (Rev. Dr. A.), the New Senate of the University of

London, 549
Isle of Man, Rock-structures in the, and in South Tyrol,

Dr. Maria M. Ogilvie Gordon, 7
Isophotography, A. R. Hunt, 79
Issel (A.), Origin and Formation of Red Sea, 201
Italy : Electrical Power Transmission Works in Northern

Italy, 84 ; Cannon Fire as a Hail-preventive, 158 ; a Recol-

lection of King Umberto, Prof. W. E. Ayrton, F.R.S.,320

Jackson (Henry), on the Formation of Starch from Glycollic

Aldehyde by Green Plants, 611

Jacobsohn (Dr. L.), Handbuch der Anatomie und verglei-

chenden Anatomie des Centralnervensystems der Saugetiere,

267
Janet (C), Artificial Ant-hills at Paris Exhibition, 490
Japan, on the Japanese Gohei and the Ainu inao, W. G.

Aston, 635
Jaumann (G.), an Electrical Experiment of M. Jaumann, P.

Villard, 47 ; Rotating Magnetic Flag, 211

Jex-Blake (Miss L.), Variations in Plants of the Herb Paris,

174
Johnson (Colonel), on Foreign and Colonial Surveys, 590
Joly (Prof. J., F.R.S.), the Formation of Silica, 84 ; an

Estimate of the Geological Age of the Earth, 235 ; the

Order of Crystallisation of Silicates in Igneous Rocks, 262 ;

Ascent of Sap, 572
Jones (Francis), the Air of Rooms, 387
Jones (H. C), the Theory of Electrolytic Dissociation, 121

Jones (H. O.), on a Simple Method of Comparing the "Affi-

nities" of Certain Acids, 567
Jorgensen (Alfred), Micro-organisms and Fermentation, 195
Joubin (P.), Polarisation of Solar Corona observed at Elche,

191

Jourdain (Philip E. B.), Lehrbuch der Photochromie (Photo-

graphic der NatUrlichen Farben), Wilhelm Zenker, 316
Journal of Botany, 260, 520
Journal of Microscopical Society, 520
Jowelt (A.), on the Glacial Phenomena of the West Ridings

588
Jowett H. R. D.), Constitution of Pilocarpine, 215
Jubilee of the Imperial Geological Institute of Vienna, 258
Jukes-Browne (A. J.), Memoirs of the Geological Survey of the

United Kingdom. The Cretaceous Rocks of Britain. Vol.1.
The Gault and Upper Greensand of England, 617

Kamenka River, Diamonds discovered on, 603
Kahlbaum (Georg W. A.), Christian Friedrich Schonbein,

I 799- I 868, 97
Kallir (L.), Interruption Spark in Alternating Current with

Metallic Electrodes, 335
Kassowitz (Prof Dr. Max), Allgemeine Biologic, Prof. H.

Marshall Ward, F.R.S., 217
Kathode Rays : on the Apparent Emission of Kathode Rays

from an Electrode at Zero-potential, C. E. Phillips, 564
Kazan Society of Naturalists, Memoirs of, 93
Keeble (F. W.), Colour-changes in Prawns, 555; on the

Colour-changes of various Prawns, 590
Kecgan (P. Q.), Leaf Decay and Autumn Tints, 523
Kcelcr (Prof. James Edward), Death of, 456 ; Obituary Notice

of, 497
Keller (Helen), Souvenir, 388
Kelvin (Lord, F. R.S.), Motion in an Infinite Elastic Solid

caused by Motion through it of a Body acting on it only by
Attraction and Repulsion, 360

Kemp (J. F.), the Ore Deposits of the United States and
Canada, 365

Kendall (Prof. P. F. ), on the Geological Evidence of the Con-
ditions under which Coal was formed, 588

Kennedy (N.), Surveying with the Tacheometcr, 571
Kennedy (W.), Large Meteor at Roche's Point, 395
Kennelly (Dr. ), Relative Advantages of Alternate and Con-

tinuous Currents for General Electrical Supply with regard to

Interference with other Interests, 415



XXll Index Nature,
December 13, 1900

Kerguelen Island, the Elephant Seals of, R. Hall, 628

Kerville (Henri Gadeau de), Les Vieux Arbres de la Normandie,

Kettle (F.), a First Geometry Book, loi

Key to the Birds of Australia and Tasmania, a, with their

Geographical Distribution in Australia, R. Hall, 6

Kidston (R.), on Plant Life during the Growth of the Coal-

measures, 587 ; on the Flora of the Coal-measures, 610

Kimberley, the Winds of, J. R. Sutton, 35
Kinetic Theory of Planetary Atmospheres, the. Prof. G. H.

Bryan, F.R.S., 126

King (F. H.), Irrigation arid Drainage, 5
Kingsley (George Henry), Notes on Sport and Travel, 5
Kingsley (J. S.), the Origin of Mammals, 254
Kingsley (Miss M. H. ), Death and Obituary Notice of, 134
Kirby ( W. F.), Function of the Whips of the Larva of the Puss

Moth, 413
Kirchhoff (Prof. Alfred), Pflanzen-und Tierverbreitung, 569
Kites, Telephony by, 578
Kites, on the Use of, for Meteorological Observations, A. L.

Rotch, 563
Klondike Goldfields, Geology of, R. G. McConnell, 63
Kochi (C), the Ocelli in the Head of the Cockroach, 500
Kolliker (A.), Erinnerungen aus meinem Leben, 169
Kostinsky (M. S.), Photographic Observations of Satellite of

Neptune, 161

Kronecker (M.), Effects of Work of Active on Inactive

Muscular Groups, 492
" Kris," Malay, on the Making of a, and on the Malay Method

of producing Chains by Casting, W. Rosenhain, 63 4 ; Prof.

A. Macalister, 634
" Kris," Malay, on the "Kingfisher" Type of a. Prof. H. Louis,

634
Kiihne (Dr. Wilhelm), Death of, 198
Kultur, Der Ursprung der, L. Frobenius, loi

Kynaston (H.), New Rock-type from Kentallen, 167

Laboratories : the Wellcome Research Laboratories, R. J.
Friswell, 271 ; Physiology for the Laboratory, Bertha
Millard Brown, 365 ; Biological Lectures from the Marine
Laboratory at Woods Holl, U.S.A., for 1899, 411 ; Report
of Government Laboratory, Dr. T. E. Thorpe, F.R.S., 499

Lacell (H. G. ), Working Silica in the Oxy-gas Blowpipe Flame,
20

Lacroix (A.), Mineralogical Composition of Teschenites, 72;
the Fayalite of Callobrieres, 240

Ladenburg (Dr. A.), Lectures on the History of the Develop-
ment of Chemistry since the Time of Lavoisier, 618

Lafay (A.), Deformations of Contact of Elastic Bodies, 544
Lagrula (Ph.), Apparent Semi-diameter of Sun, 464
Lakes : a Bathymetrical Survey of the Fresh-water Lochs of

Scotland, Sir John Murray, K.C.B., F.R.S., and Fred P.

Pullar, 65 ; the Permanence of Lake Nicaragua, Prof. A.
Heilprin, 395 ; Elevation and Depression of Level by Wind
Action, Prof. A. J. Henry, 579 ; Tide Oscillation on Lake
Erie,, Prof. A. J. Henry, 579 ; on the Recent Discovery of a
Ferriferous Horizon in the Huronian north of Lake Superior,
Prof A. P. Coleman, 588

Lamarkiens et Darwiniens, Felix Le Dantec, 388
Lamarliere (L. G. de), Wood of Peat Bog Conifers, 520
Lamb (Prof Horace, F.R.S.), Scientific Papers, 99
Laminariacese, on the Germination of the Zoospore in, J. Lloyd

Williams, 613
Lamp, a " Dark," Gustave le Bon, 532
Lamplugh (G. W.), on the Evidence as to the Age of the

English Wealden Series, 588
Lamprey, the Nest-building Brook, Messrs. E. Young and Cole,
500

Lancaster (A.), Dragon-fly Migrations, 579
Land-Planarians, Monographie der Turbellarien, II. Tricladida

Terracola (Land-planarien), Prof. Ludwig von Graff, F. W.
Gamble, 241

Land, the Reclamation from Tidal Waters of, Alexander
Beazeley, 266

Landerer (J. J,), Proportion of Polarised Light in Solar Corona,
167

Lane (A. C), Geothermal Gradient in Michigan, 210
Lang (Robert), the Electron Theory of Atomic Magnetism,
376

Lange (D.), Our Native (American) Birds, 100
Lange (E. F.), New Aluminium Method of Producing High

Temperatures, 536
Lange (Dr. Karl), Death of, 198
Langley's (Dr. S. P.), Chart of the Infra Red Spectrum from

•7 to 5"3ju obtained by the Bolometric Method, 562
Language, the History of, Henry Sweet, 195
Language, Homochronous Heredity and the Acquisition of.

Prof. R. Meldola, F.R.S., 572
Lankester (Prof E. Ray, F.R.S.), Change of Feeding Habits

of Rhinoceros Birds in British East Africa, 366 ; Generativ e
Process in Hoemamoebids, 424

Lapses, Mental, H. H. Bawden, 108
Lapworth (A.), Derivatives of Cyanocamphor and Homo-
camphoric Acid, 215 ; Condensation of Ethyl Crotonate with
Ethyl Oxalate, 215

Larmor (Joseph, F.R.S.), ^ther and Matter, 265; Opening
Address in Section A (Mathematics and Physics) of the
British Association), 449 ; on the Results of his Application
of the Principles of Least Action to the Statistical Dynamics
of Gas Theory, as Illustrated by Meteor Swarms and Optical
Ray Systems, 562 ; on the Relation of Radiation to Tempera-
ture, 562 ; on Cremieu's Experiment, 564 ; on Ions, 564

Larnaca, the Salt Lake of, C. V. Bellamy, 94
Larva of the Puss Moth, Functions of an Organ of the, Arthur

S. Thorn, 389
Latitude Variation, Earth Magnetism and Solar Activity, Dr. J.
Halm, 460

Latter (Oswald H.), the Migration of Swifts, 413
Laurent (Ch.), an Ammoniacal Chromous Sulphate, 288
Laurent (J.), Composition of Albumen of St. Ignatius and Nux
Vomica Beans, 120; the Reserve Carbohydrates of St.
Ignatius Bean and Nux Vomica, 336

Laval (Ed.), Les Armes Blanches, leur Action et Leurs Effets

Vulnerants, 313 ; Les Projectiles des Armes de Guerre ; leur

Action Vulnerante, 313 ; Les Explosifs, les Poudres, les

Projectiles d'Exercice, leur Action et leurs Effets Vulnerants,

313
.

Lavoisier Monument, the, 390
Lawes (Sir John Bennet, Bart, F.R.S.), Death of, 456;

Obituary Notice of. Prof. R. Warington, F.R.S., 467
Lawrence (W. T. ), Condensation of Ethyl o-Bromoisobutyrate

with Ethyl Malonates and Cyanacetates, 261
Lazarus (A.), Histology of the Blood, Normal and Pathological,

410
Le Bel (J. A.), Conditions of Stability of Rotatory Power, 168
Le Bon (Gustave), a " Dark " Lamp, 532
Le Chatelier (H.), the Expansion of Fused Silica, 216
Le Dantec (Felix), Lamarkiens et Darwiniens, 388
Leach (Dr. D. J.), Death and Obituary Notice of, 228
Leach (W.), on Bradford Sewage and its Treatment, 568
Lead and Silver, Metallurgy of, Henry F. Collins, 194
Leaf Decay and Autumn Tints, P. Q. Keegan, 523
Lebeau (P.), Thionyl Fluoride, 136 ; Iron Silicide, 616
Lecarne (J. and L.), Wireless Telegraphy from Free Balloon,

95.
Lecointe (G.), Magnetic Observations during Belgica Antarctic

Expedition, 108
Lecomte (Henri), Le Cafe, Culture, Manipulation, Production,

338
, , , ,

Le9ons d Optique Geometrique a I'Usage des Eleves de M^the-
matiques Speciales, 30

Lees (Dr. C. H.), Viscosities of Mixtures of Liquids, 166;
Report on the Proceedings in Section A (Physics) at the
Bradford Meeting of the British Association, 562

Lees (F. H.), Morphine (I.), 260
Lefroy (B. St. G.), the Daylight Meteor of Sunday, Sep-
tember 2, 524

Lehfeldt (Dr.), Dr. Lodge's Paper on Volta's Contact Force,

70 ; a Text-book of Physical Chemistry, 292
Lehmann (O.), Liquid Crystals, 568
Lenard (P.), Production of Kathode Rays by Ultra-violet

Light, 335
Lens, the Orthostigmat, 188
Lepidoptera : Catalogue of the Lepidoptera Phalaenae in the

British Museum. Vol, ii. Catalogue of the Arctiadse

(Nolinse, Lithosianse), Sir George F. Hampson, Bart., 77 ;

the Lepidoptera of the British Islands, Charles G. Barrett,

317 ; Numerousness of Clouded Yellow and Holly-blue Butter-

flies, 532 ; Catalogue of Eas:ern and Australian Lepidoptera



Nature,
December 13, 1900

Index XXlll

Heterocera, in the Collection of the Oxford University

Museum, 548
Leprosy in France, 198
Lessons in Botany, Prof. George F. Atkinson, 30
Letts (Prof. E. A.), the Carbonic Anhydride of the Atmo-

sphere, 387 ; on some Problems connected with Atmospheric
Carbonic Anhydride and on a New and Accurate Method of

Determining its Amount, 566 ; on the Relation of Ulva
latissima to the Pollution of Sea-water by Sewage, 61

1

Lewis (E. W.), Inhibiting Effect of Etherification on Substitu-

tion in Phenols, 261

Lewis (P.), Fluorescence and Phosphorescence in Electric Dis-

charge through Nitrogen, 381 ; Influence of Slight Impurities

on Argon and Helium Spectra, 381
Lewes (Vivian B.), Acetylene, a Handbook for the Student and

Manufacturer, 522
Liebman (Dr. A.), on the Recent Improvements in the Textile

Industries, 567
Life and Art, Pompeii, August Mau, 7
Light, Living, Raphael Dubois, 464
Lighting Portable Gas Producers, Dr. J. A. Purves, 601

Lightning Conductors of St. Paul's, the, K. Hedges, 68
Lightning Discharges, Dark Images of Photographed, J. B.

Hannay, 389
Lightning, Globe, Prof. Max Toepler, 350
Lincei, Reale Accademia dei. Anniversary Meeting of, 430
Linnean Society, 46, 143, 215, 262
Linton (E. F.), Flora of Bournemouth, including the Isle of

Purbeck, 598
Liquid Crystals, O. Lehmann, 568
Liquids, on the Creeping of, and on the Surface Tension of

Mixtures, Dr. Trouton, 562
Liquids, Viscosities of Mixtures of, Dr. C. H. Lees, 166
Literature, the International Catalogue of Scientific, 197, 206
Littoral Drift, Sea Coast Destruction and, W. H. Wheeler, 400
Liverpool Observatory, W. E. Plummer, 137
Lochs, Scotch, Bathymetrical Survey (Part II.), of. Sir John
Murray and F. P. Pullar, 263

Lock, Canal, the Pneumatic Balance, C. M. Dutton, 135
Lockyer (Sir Norman, K.C.B., F.R.S.), Astronomical Applic-

ations of Physical Problems investigated at Solar Physics
Observatory, 23 ; the Total Eclipse of the Sun, 104

Lockyer (Dr. W. J.), a Comparison of the Details of the Pro-
minences and Corona on Photographs of the Recent Eclipse
taken by Prof. Langley in America and Sir Norman Lockyer
in Spain, 565

Locomotion, Road, Prof. Hele-Shaw, F.R.S., 139
Lodge (Prof. Oliver), Ions, 564
Lodge's (Prof.) Paper on Volta's Contact Force, Discussion on,

Prof. Armstrong, Mr. Glazebrook and Dr. Lehfeldt, 70
Loewy (M.), Paris Observatory Annual Report, 606 ; Opposi-

tion of Eros, 630
London : Heat Wave in, 157 ; Conference on an International

Catalogue of Scientific Literature, June 1900, 206 ; the

London Mathematical Society, R. Tucker, 294 ; the New
Senate of the University of London, Rev. Dr. A. Irving,

549 ; on a Concealed Coalfield beneath the London Basin,

Prof. W. J. Sollas, F.R.S., 587
Longden (A. C), Electrical Resistance of Thin Films deposited

by Kathode Discharge, 210; Newton's Rings from Selenium
Rays, 273

Looms, Modern Power, 29
Lorenzo (Dr. G. de). Increased Activity of Vesuvius due to

Exceptional Rainfall, 605
Loring (F. H.), Comets and Corpuscular Matter, 80
Louis (Prof. H.), on the "Kingfisher" Type of a Malay
" Kris," 634

Lovett (Dr. E. O.), Families of Transformations of Straight
Lines into Spheres, 92

Low (Dr.), Mosquitoes and Malaria in the Campagna, 531
Lowe (Dr. W. H.), Death and Obituary Notice of, 456
Lowry (T. M.), Persulphuric Acids, 215
Loze (E.), Les Charbons Britanniques et leur epuisement,

124
Lueddeckens (Dr. Fritz), Rechts und Linkshandigkeit, 409
Lumholtz (Carl), Mexican Symbolism, 600
Lycopods, on the Presence of Seed-like Organs in Certain

Paleozoic, Dr. D. H. Scott, F.R.S., 611
Lyra, Ring Nebula in, 425
Lyster (Robert A.), First Stage Hygiene, 173

McAdie (A. G.), the Climate of San Francisco, i8 ; Frost Fight-
ing, 274

Macalister (Prof.), on the Vagaries of the Cephalic Index, 633 ;

on Perforate Humeri from Ancient Egyptian Skeletons, 633 ;

on the Making of a Malay " Kris," and on the Malay ^lethod
of Producing Chains by Casting, 634

McAlpine (D.), Fungus Diseases of Cicrus Trees in Australia,

and their Treatment, 494
McCarthy (James), Surveying and Exploring in Siam, 571
McConnell (R. G ), Geology of Klondike Goldfields, 63
McDougall (Dr. R. S.), Elm and Pine Pests, 191
McDougall (W.), on the Animal Cults of the Natives of

Sarawak and their Bearing on the Problems of Totemism, 634
MacDowall (Alex B.), Sunspots and Frost, 599
Macfadyen (Allan), Influence of Temperature of Liquid Hy-
drogen on Bacteria, 286

McGee (W. J.), the Lessons of Galveston, 604
Mackinder (H. J.), Preliminary Notes on the Results of the
Mount Kenya Expedition, 1899, 12

MacMahon (Major), on the Asyzygetic and Perpetuant Co-
variants of Sy.stems of Binary Quantics, 561 ; on the Sym-
bolism appropriate to the Study of Orthogonal and Boolian
Invariant Systems which Appertain to Binary and other
Quantics, 561 ; a Property of the Characteristic Symbolic
Determinant of any n Quantics in n Variables, 561

Macnab(W.), Researches on Modern Explosives, ii., 46
Macnamara (Nottidge Charles), Origin and Character of the

British People, 172
MacTaggart (J.), on the Disposal of House Refuse in Bradford,

609
Madagascar: Spider-Silk Manufacture, M. Nogue, 17;

Grandidier's Expedition to Madagascar, 35
Madras, Earthquake in, 578
Magic Squares, on the Construction of. Dr. J. Willis, 561
Magnetism : Magneto-electric Experiment, Prof. S. P. Thomp-

son, 71 ; Atomic and Molecular Magnetism, S. Meyer, 92 ;

the Electron Theory of Atomic Magnetism, Robert Lang, 376 ;

Magnetic Observations during Belgica Antarctic Expedition,

G. Lecointe, 108 ; Magnetic Properties of Iron Aluminium
Alloys, ii., S. W. Richardson and L. Lowndes, 166 ; no
Magnetic Effect produced by Motion of Electrified Body, V.
Cremieu, 167 ; Magnetic Screening for Galvanometers, H. du
Bois and A. P. Wills, 211; Rotating Magnetic Flag, G.
Jaumann, 211 ; Action of Light on Magnetism, J. H. Hart,

286 ; Magnetic Observations during Solar Eclipse of May 28,

Dr. L. A. Bauer, 302 ; Phosphorescence Unaffected by Mag-
netic Field, A. de Hemptinne, 323 ; Recording Telephones,

371 ; Moving Electric Charge not Productive of Magnetic
Field, V. Cremieu, 396 ; Properties of Magnetic Deposits in

Magnetic Field, Charles Maurain, 408 ; Permeability of Iron

under the Influence of the Oscillatory Discharge from a Con-
denser, E. W. Marchant, 413 ; Latitude Variation, Earth
Magnetism and Solar Activity, Dr. J. Halm, 460 ; a ^lagnetic

Theory of the Universe, 493 ; Report of the British Association

Committee for Improving the Method of Determining Mag-
netic Force on Board Ship, 563 ; Report of the British Asso-

ciation Committee on Radiation in a Magnetic Field, 563 ;

Distribution of Horizontal Component of Earth's Magnetism
in France, E. Mathias, 592 ; Inverse Effect of Magnetic Field

not Productive of Movement in Electrified Bodies, V. Cremieu,

616 ; Resistivity of Bismuth in Magnetic Field, H. Eichhorn,

639
Mailloux (Mr.), Relative Advantages of Alternate and Con-

tinuous Current for General Electrical Supply, with regard to

Interference with other Interests, 417
Mair (David), the Reform of Mathematical Teaching, 389
Maize, Further Investigations of Zenia in, Herbert J. Webber,

601
Malaria, Mosquitoes and, G. A. K. Marshall, 375 ; Dr. L. O.
Howard, 500; H.J. Elwes, F.R.S , 554; Major Ronald
Ross, 589 ; Prof. Grassi's Experiment, 578, 627 ; Mosquitoes

and Elephantiasis, 371 ; Investigations of Drs. Sambon and
Low in the Campagna, 581 ; Malaria- Parasite, Models of

Infected Blood-corpuscles, Delta Emett, 208 ; Mosquitoes

and Filaria imfnitis. Prof. Grassi and G. Noe, 627
Malay "Kris," on the making of a, and on the Malay Method

of producing Chains by Casting, W. Rosenhain, 634 ; Prof.

A. Macalister, 634
Malay" Kris," on the " Kingfisher" Type of a, Prof. H. Louis,

634



Index r Nature,
L December 13, 1900

Malay Magic, being an Introduction to the Folklore and
Popular Religion of the Malay Peninsula, W. W. Skeat, 145

Malay Peninsula, on some Anthropological Observations of the

Pangan Tribe of Aborigines in the, W. L. H. Duckworth,

633 ; Report of the Committee ot the British Association on
the Natural History and Ethnography of the, W. W. Skeat,

636
Mallet (J. W.), the Distance to which the Firing of Heavy
Guns is Heard, 523

Mallock (A.), on the Measurement of the Tractive Force,
Resistance and Acceleration of Trains, 610

Mammals : the Origin of Mammals, J. S. Kingsley, 254 ; the
Mammalian Brain, 267 ; a Text-book of Mammals, 386

;

Mammals of South Africa, 521 ; Vibrissae on the Forepaws
of Mammals, Frank E. Beddard, F.R.S., 523

Man and His Ancestor : a Study in Evolution, Charles Morris,
lOI

Man, from Matter to : a New Theory of the Universe,
A. Redcote Dewar, Prof. R. Meldola, F.R.S., 493

Manchester, Earthshake near, 17
Manchester Literary and Philosophical Society, 46, 616
Manna, Bamboo, David Hooper, 127
Marbles, the Flow of, Prof. F. D. Adams and J. T. Nicolson,

335
March (F.), Action of Monochloracetic Esters on Sodium

Derivative of Acetylacetone, 47
Marchant (E. W.), Permeability of Iron under the Influence of

the Oscillatory Discharge from a Condenser, 413
Marckwald (Dr.), Peculiarities of Picric Acid and its Solutions

in Light of Ionic Hypothesis, 37
Margerison (Samuel), British Sylviculture, 611
Marine Biology : Fixation of Clay in Suspension in Water by

Porous Bodies, J. Thoulet, 191 ; Marine Biological Associa-
tion : Annual General Meeting, 230 ; Use of Diver for Col-
lection of Specimens, 253 ; the Plankton of the Bay of Biscay,
G. Herbert Fowler, 317 ; the Cruise and Deep-sea Explora-
tion of the Siboga in the Indian Archipelago, 327 ; Deep-sea
Deposits from Valdivia Expedition, Sir John Murray and
Dr. Philippi, 360 ; Lectures from the Marine Laboratory at
Woods' Holl, U.S.A., for 1899, 411 ; Place of Copepoda in

Nature, Isaac C. Thompson, 498
Marine Engineering : H.M.S. Viper, -r^zz

Marine Meteorology, a Manual of, William Allingham, 268
Markwick (Colonel E. E.), the Total Eclipse Observed at Sea,

183
Marloth (Dr.), Barnacle-growth on Southern Bight Whale, 19
Marr (J. E.), Geology of Lake District, 534 ; on the Formation

of Reef Knolls, 587 ; on the Geological Evidence of the
Conditions under which Coal was Formed, 588

Marriott (W.), Rainfall in West and East England in Relation
to Altitude, 215

Marshall (Arthur), Atmospheric Electricity and Dew-ponds, 495
Marshall (G. A. K.), Mosquitoes and Malaria, 375
Martell (B.), the Use of Steel in Ship-building, 90
Martin (Geoffrey), Physical Structure of Asbestos, 369
Marvin (Prof. C. F.), Anemometer Tests, 280
Marx (E.), Fall of Potential in Flame Gases, 568 ; Hall Effect

in Flame Gases, 568
Maryland Weather Service, 292
Mascart (Jean), Meteor of September 24, 1900, 592
Massol (G.), a New Thermo-calorimeter, 23
Mathematics : Dynamics of Pseudo-spherical Space, Prof. D. de

Francesco, 18 ; Elements de la Theorie des Nombres, E.
Cohen, 52 ; Bulletin of American Mathematical Society, 69,
189, 260, 381 ; Transactions of American Mathematical
Society, 260, 519; American Journal of Mathematics, 92,
381 ; Families of Transformations of Straight Lines into
Spheres, Dr. E. O. Lovett, 92 ; Memoirs of Mathematical
Section of Novorossian (Odessa) Society, 93 ; Mathematical
Society, 94, 262 ; the London Mathematical Society, R.
Tucker, 294; Edinburgh Mathematical Society, 95, 191 ;

Quaternion Methods Applied to Dynamics, W. G. Barnett,
174 ; Theory of Differential Equations, A. R. Forsyth,
F.R.S., 170 ; Elementary Illustrations of the Differential and
Integral Calculus, Augustus De Morgan, 196 ; an Introduc-
tion to the Differential and Integral Calculus and Differential
Equations, F. G. Taylor, 221 ; Locus of Centre of Hyper-
spherical Curvature for Normal Curve of. n Dimensional
Space, Prof. P. H. Schoute, 232 ; Two Remarkable Groups
of Geometrical Loci, E. Mathias, 240 ; Machine for Solving

Algebraic Equation, George Meslin, 253 ; the Teaching of

Mathematics, Prof. John Perry, F.R.S. 317 ; Oliver Heaviside,

F.R.S., 548 ; the Reform of Mathematical Teaching, David
Mair, 389 ; Henry Woollen, 436 ; W. F. Beard, 466 ; C. E
Stromeyer, 523 ; Continuous Binary A Linearoid Groups, E. J.

Wilczynski, 381 ; Invariant Scrolls in Collineations which leave

a group of Five Points Invariant, V. Snyder, 381 ; Paris Inter-

national Congress of Mathematicians, 418 ; Autotomic
Curves, A. B. Basset, F.R.S., 572

Mathew (John), the Peopling of Australia, 549
Mathias (E.), Two Remarkable Groups of Geometrical Loci,

240 ; Distribution of Horizontal Component of Earth's

Magnetism in France, 592
Matruchot (L.), Structure-Modifications in Vegetable Cells in

True Fermentation, 47
Matter, i^ther and, Joseph Larmor, Prof. Geo. Eras. Fitzgerald,

F.R.S. , 265
Mau (August), Pompeii, its Life and Art, 7
Maurain (Charles), Properties of Magnetic Deposits in

Magnetic Field, 408
Maximum Duration of a Total Solar Eclipse, C. T. Whitmell,

64, 86
Meacham (F. G.), Condition of Mine after 15 Months' Closing,

627
Measurements in Schools, Collateral Heredity, Prof. Karl

Pearson, F.R.S., 173
Mechanics : the Principles of Mechanics Presented in a New
Form, Heinrich Hertz, 50 ; the Mechanics of Flight, Lord
Rayleigh, 108 ; Strength of Ductile Materials under Com-
bined Stresses, J. J. Guest, 118; Papers on Mechanical and
Physical Subjects, Osborne Reynolds, 243 ; Deformations of

Contact of Elastic Bodies, A. Lafay, 544
Mechanism, Idea or Nature, 25
Mechanism of Weaving, T. W. Fox, 21

Medicine : Atlas of Urinary Sediments, Dr. Hermann
Riedel, 53 ; Death of Dr. Julius Althaus, 157 ; Death and
Obituary Notice of Dr. D. J. Leach, 228 ; Medicine
as a Science and Medicine as an Art, Dr. P. H. Pye-
Smith, F.R.S., 356; Death and Obituary Notice of

Dr. W. H. Lowe, 456 ; Association of German Physicians,

553 ; the Opening of the Medical Schools, Prof. F. W.
Tunnicliffe, 572; Death of Sir H, W. D. Acland. F.R.S.,
602 ; Obituary Notice of, 627 ; Historical Aspects of the

Discovery of the Circulation of the Blood, Prof. T, Clifford

AUbutt, F.R.S., 630
Mediterranean : The Recent Cretan Discoveries and their

bearing on the Early Culture and Ethnography of the

East Mediterranean Basin, Arthur J. Evans, 526
Megaphotography, A. R. Hunt, 79
Meiklejohn (A. H.), Mode of Carriage by Cuckoo of Egg, 201
Meinhof (K.), Proof of Old Semitic Influence in South Africa,

606
Melbourne University Bacteriological Laboratory, the, 578
Meldola (Prof. R., F.R.S.), Christian Friedrich Schonbein,

1799-1868, G. W. A. Kahlbaum, Ed. Schaer, 97 ; from
Matter to Man, a New Theory of the Universe, 493 ; Homo-
chronous Heredity and the Acquisition of Language, 572

Melting Points of Rock-forming Minerals, the, J. A. Cunning-
ham, 368

Memoirs of Kazan Society of Naturalists, 93
Memoirs of Mathematical Section of Novorossian (Odessa)

Society of Naturalists, 93
Mental Lapses, H. H. Bawden, 108
Merrifield (Mr.), the Pupae of Aporta crataegi, 261
Merrill (G. P.), Structure and Constitution of Two New Meteo-

rites, 459
Mersey, the, Sir George Nares' Annual Report, 231
Meslin (George), Machine for Solving Algebraic Equation, 253
Mesozaires-Spongiaires, Traite de Zoologie Concrete, Yves
Delage and Edgard Herouard, 122

Metallurgy; the Open-hearth Continuous Steel Process, B.
Talbot, 67 ; Apparatus for Equalising Hot Blast Tempera-
tures, L. F. Gjers and J. H. Harrison, 67 ; Death and Obituary
Notice of G. F. Goransson, 83 ; Solution Theory Applied to
Molten Iron and Steel, John Parry, 128 ; Present Position of
Solution Theory of Carburised Iron, Dr. A. Stansfeld, 536 ;

the Cyanide Process of Gold Extraction, James Park, 148 ;

Crystallisation Produced by Pressure in Solid Metal, W.
Campbell, 166 ; Metallurgy of Lead and Silver, Henry
F. Collins, 194 ; Egyptian Gold, Daniel Berthelot, 464 ; the



Nature,
December 13,

Index

Solidification of Alloys, Fred T. Trouton, F.R.S., 523 ; Iron
and Steel Institute, 535 ; Development of Iron Industry in

France, H. Pinget, 535 ; Iron and Phosphorus, J. E. Stead,

535 ; New Aluminium Method of Producing High Tempera-
tures, E. F. Lange, 536 ; on the Chemical Compounds con-
tained in Alloys, F. H. Neville, 566 ; on the Crystalline

Structure of Metals, Prof. J. A. Ewing, 211, 567 ; W. Rosen-
hain, 211, 567

Metals, Crystalline Structure of (ii). Prof. J. A. Ewing, F.R.S.,
and Walter Rosenhain, 211, 567

Metals : the Cause of Fracture of Steel Rails, 437
Metals, Hardness of. F. Auerbach, 639
Meteorology : the Climate of San Francisco, A. G. McAdie
and G. H. Willson, 18 ; Drunkenness and the Weather, Dr.
Edwin C. Dexter, 31 ; Climate of St. Christopher, W. B.
Alexander, 35 ; the Winds of Kimberley, J. R. Sutton, 35 ;

Symons's Monthly Meteorological Magazine, 93, 335 ; Meteo-
rological Extremes, Wind -force, 93 ; Meteorological Society,

95, 215 ; the Wiltshire Whirlwind of October, i, 1899,
G. J. Symons, F.R.S., 95; Dynamics of Cyclones and
Anticyclones, ii, John Aitken, F. R.S. , 95; Ocean Current
Papers, H. C. Russell, 108 ; Heat-wave in London, 157 ;

Severe Thunder-storm in London, 199 ; the Weather in

London, 231 ; the Warm Weather in London, 272 ; Cannon-
fire as a Hail Preventive in Italy, 158 ; Dynamical Theory of
Atmospheric Circulation, Prof. V. Bjerknes, 2CX5 : Rainfall in

West and East England in Relation to Altitude, W. Marriott,

315 ; Kite-flying at Blue-Hill Observatory, 252 ; High Kite
Flight at Blue-Hill, Lawrence Rotch, 350 ; on the Use of
Kites for Meteorological Observations, A. L. Rotch, 563 ;

Temperature of Free Air, Dr. Hergesell, 253 ; a Manual of
Marine Meteorology, William AUingham, 268 ; Frost Fight-
ing, A. G. McAdie, 274 ; Anemometer Tests, Prof. C. F.
Marvin, 280 ; Maryland Weather Service, 292 ; the Daily
Weather Report of the Meteorological Office, W. N. Shaw,
F.R.S., 300; the Week's Weather, 302, 323, 350, 395 ; the
Meteorological Service in Japan, 323 ; Indian Famine

-

causing Droughts, E. D. Archibald, 335 ; Miiller-Pouillet's
Lehrbuch der Physik und Meteorologie, 361 ; a Remarkable
Hailstorm, J. G. Roberts, 341 ; Globe Lightning, Prof. Max
Toepler, 350 ; Atmospheric Electricity, C. T. R. Wilson,
149, John Aitken, F.R.S., 366; the Air Thermometer at
High Temperatures, L. Holborn and A. Day, 381 ; Snow-
drifts on Ingleborough in July, Prof. T. McKenny Hughes,
F.R.S., 389 ; Nile Floods and Monsoon Rains, 391 ; Indian
Thunderstorm Observations, W. L. Dallas, 395 ; Meteorology
of Cooking in New Mexico, 421 ; Greatest Heat of Century,
E. Roger, 421 ; Velocity of Atlantic Cyclones, 421 ; Obser-
vations at Rousden for 1899, Sir Cuthbert Peek, 422

;

Symons's British Rainfall, H. Sowerby Wallis, 435 ; on the
Rainfall of the Northern Counties of England, J. Hopkinson,
563 ; the Past Ten Years' Rainfall Deficiency in Kent and
Surrey, 604 ; the Climate of Norway, A. S. Steen, 457 ;

Disastrous Hurricane in United States, 489 ; Atmospheric
Electricity and Dew-ponds, Arthur Marshall, 495 ; Sunshine
in Mexico, M. Moreno, 499 ; the History of Modern Weather
Prediction, Prof. C. Abbe, 499 ; Report of the British As-
sociation Committee on Meteorology, 562 ; Report of the
British Association Committee on Solar RadiationExperiments
conducted by Prof. Callendar on the Modified Copper-cube
Actinometer, 562 ; on a Novel Form of Mercurial Barometer,
A. S. Davies, 562 ; on the Weather of the North Atlantic
Ocean during the Winter 1898-99, Captain Campbell Hep-
worth, 563 ; on the Physical Effects of Wind in Towns and
their Influence upon Ventilation, J. W. Thomas, 563 ; the
Annual March of Temperatures, R. J. A. Barnard, 579 ;

Elevation and Depression of Lake Level by Wind Action,
Prof. A. J. Henry, 579; Tide Oscillation on Lake Erie,
Prof. A. J. Henry, 579 ; Sunspots and Frost, Alex. B. Mac-
Dowall, 599 ; Mirage over Needles, Captain G. A. Daubeny,
605 ; on the Climatic and other Physical Conditions under
which Coal was Formed, Mr. Seward, 610 ; on the Possible
Richness in COj of the Atmosphere of the Coal Period, 610 ;

Track of Galveston Hurricane, 628
Meteors : The Perseid Meteoric Shower, W. F. Denning, 173 ;

the August Perseids of 1900, W. F. Denning, 398 ; Ancient
Records of Meteor Showers, M. D. Eginitis, 203 ; Meteoric
Theory of the Gegenschein, F. R. Moulton, 305 ; Meteor
of July 17, 305; Large Meteor off Roche's Point, W.
Kennedy, 395 ; Velocities of Meteors, Dr. W. L. Elkin,

398 ; the Daylight Meteor of Sunday September 2, W. F.

Denning, 491 ; T. Rooke, 524, B. St. G. Lefroy, 524 ; the

Fireball of Sunday September 2, 535 ; on a Method of

Observing and Recording the Paths of Meteors, John Her-
schel, 565 ; the Stability of a Swarm of Meteorites and of a
Planet and Satellite, Prof. A. Gray, F.R.S., 582 ; Meteor
of September 24, 1900, Jean Mascart, 592

Meteorites: New Meteorite from New South Wales, R. T.
Baker, 384 ; Meteorite in Spain, 421 ; Structure and Con-
stitution of Two New Meteorites, G. P. Merrill, II. N.
Stokes, 459

Meulen (H. ter), Indican, 47
Meunier (Stanislas), the Ravine of Chevalleyres and Torrent

Retrogression, 592
Mexican Symbolism, Carl Lumholtz, Alfred C. Haddon,
600

Meyer (Dr. Hermann), Second Expedition to Head Waters of

Xingu, 36
Meyer (S.), Atomic and Molecular Magnetism, 92 ; the

Additive Character of Atomic Heats, 211
Miall (Prof. L. C. ), On the Respiratory Organs of Aquatic

Insects, 589
Michel-Levy (A.), New Observations on High Dordogne Valley,

432
Michigan Board of Agriculture, Annual Report 1898-99, 365
Micro-Organisms and Fermentation, Alfred Jorgensen, 195
Microcephalic Brain, On the. Prof. J. D. Cunningham, 633
Micrometer, On a Cheap Form of, for Determining Star

Positions on Photographic Plates, Prof. Turner, 565
Micrometer, Electric, P. E. Shaw, 67
Microphotography, A. R. Hunt, 79
Microscopy : Photo-micrography, Dr. Edmund J. Spitta, 4 ;

Microscopical Society, 143, 287 ; Journal of Microscopical
Society, 520; Modern Microscopes, Alfred N. Disney, 154;
Application of Striae Method to Illumination of Objects,
Prof. Wood, 166 ; Modification of Rousselet Compressor,
G. H. J. Rogers, 287 ; the Structure of Palaeozoic Plants,

Mr. Carruthers, F.R.S., 287 ; Swift and Son's Electric Lamp
for Microscopy, 351 ; theEyespotin Euglena, H. Wager, 605 ;

Untersuchungen Uber Mikrostructurendeserstarrten Schwefels
nebst Bemerkungen Uber Sublimation, O. Biltschli, 619

;

Untersuchungen iiber die Microstructur kiinstlicher und
natiirlicher Kieselsauregallerten (Tabaschir, Hydrophan,
Opal), O. Biitschli, 619 ; Double Staining of Spores and
Bacilli, R. G. Smith, 640

Middel (T.), Thermal Deformation of Balances, 211
Migration of Swifts, the, Oswald H. Latter, 413; William
Andrew, 436

Mill (Dr. H. R.), On Profs. Pettersson and Nansen's New
Insulating Water-bottle, 591 ; On the Treatment of Regional
Geography, 591 ; Through the First Antarctic Night 1898-99,
Frederick A. Cook, 624 ; the Antarctic Regions, Dr. Karl
Fricker, 624

Milne (Prof. J.), Report of the Seismological Committee of the

British Association, 587
Milne-Edwards (Prof. A.), Death and Obituary Notice of, 13
Milroy (Dr. T. H.), Histology of the Blood: Normal and

Pathological, P. Ehrlich and A. Lazarus, 410
Minakata (Kumagusu), Artificial Deformation of Heads and
some Customs connected with Polyandry, 437

Mineral Production of Canada, E. D. Ingall, 499
Mineralogy : Mineralogical Composition of Teschenites, A.

Lacroix, 72 ; the Formation of Silica, Prof. J. Joly, 84

;

Mineral-formation in Granite, C. E. Stromeyer, 84 ; the

Copper-bearing Rocks of Wisconsin, Dr. U. S. Grant, 181 ;

Mineralogical Society, 239 ; Conchite, Agnes Kelly, 239 ;

Method for Determination of Refractive Indices of Minerals

of Low Symmetry, G. F. Herbert Smith, 239 ; Alteration of

Pyrites by Underground Water, Dr. J. W. Evans, 239 ; the

Fayalite of Callobrieres, A. Lacroix, 240; the Order of

Crystallisation of Silicates in Igneous Rocks, Prof. J. Joly,

F.R.S., 262 ; Theory of Order of Crystallisation of Minerals

in Igneous Rocks, J. A. Cunningham, 262, 368 ; the State-

ment of Rock Analyses, II. S. Washington, 286 ; the

Empirical Formula of the Tourmaline Acid, S. L. Penfield,

286 ; the Flow of Marble, Prof. F. D. Adams and J. T.

Nicolson, 335 ; the Ore Deposits of the United States and
Canada, J. F. Kemp, 365 ; Carnotite, W. F. Hillebrand and
F. L. Ransome, 432 ; Monazite, O. A. Derby, 568 ; Dia-

monds Discovered in Kamenka River, 603 ; Determination



XXVI Index p
Nature,

L Decemberi-^, 1900

of Minerals in thin Rock Sections, L. V. Pirrson and
H. H. Robinson, 638

Minguin (J.), Action of Hydrogen Bromide on Dextro-rotatory

Benzylidene Camphor, 119
Mines, Coal, Accidents in, Prof. Le N. Foster, 136
Mining : the Cyanide Process of Gold Extraction, James Park,

148 ; Diamond Drilling for Gold and other Minerals, G. A.
Denny, 435 ; Condition of Mine after Fifteen Months'
Closing, F. G. Meacham, 627

]\Iirage over Needles, Isle of Wight, Captain G. A. Daubeny,
605

Mississipppi, the Lower, the Navigation of, L. M. Haupt, 604
Missouri Botanical Garden, Eleventh Annual Report, 495
Mixter (W. G.), Products of Explosion of Acetylene, 639
Mixtures : On the Creeping of Liquids and on the Surface

Tension of Mixtures, Dr. Trouton, 562
Modern Explosives, Some, Sir Andrew Noble, K.C.B., F.R.S.,

86, 111

Modern Microscopes, Alfred N. Disney, 154
Modern Physical Chemistry, H. C. Jones, 121

Modern University, a, 184, 203
Moir (J.

Paxton), on the Stone Implements of the Natives of

Tasmania, 636
Moissan (Henri), Manganous Fluoride, 47 ; Thionyl Fluoride,

136; Le Fluor et ses Composes, 291 ; Two New Silicon

Borides, 312 ; Carbides of Neodidymium and Praseodidy-
mium, 639

Molecular Energy, on the Partition of. Prof. G. H. Bryan,
F.R.S., 562; Prof. Fitzgerald, 562

Molliard (M.), Structure-modifications in Vegetable Cells in

True Fermentation, 47
Mollusca : Church Stretton. Vol. I. Molluscs, Robert A.
Buddicom, 571

Monazite, O. A. Derby, 568
Monckman (Dr.), on the Glacial Phenomena of the West

Riding, 588
Mondy (Edmund F.), the Action of Water upon Glass, 246
Mongoose and Snake Venom, the. Captain R. H. Elliot, 180
Monismus, Probleme, Kritische Studien iiber den, Dr. H. v.

Schoeler, 435
Monistische Gottes- und Weltanschaung, J. Sack, 172
Monsoon Rains, Nile Floods and, 391
Mont Blanc Railway, the Proposed, J. and H. Vallot, 62
Montelius (Prof. O.), Earliest Communications between Italy

and Scandinavia, 167
Morbology : the Causes and Prevention of Consumption, N. C.

Collier, 181 ; Leprosy in France, 198 ; the Plague, 231 ;

Rats and Plague, Dr. Frank Tidswell, 273 ; the Plague in

Glasgow, 456, 498, 577 ; Elephantiasis and Mosquitoes, 374 ;

Mosquitoes and Malaria, G. A. K. Marshall, 375 ; Dr. L. O.
Howard, 500; H. J. Elwes, F.R.S., 554; Major Ronald
Ross, 589 ; Investigations of Drs. Sambon and Low on Mos-
quitoes and Malaria in the Campagna, 531 ; Prof. Grassi's

Experiment on Mosquitoes and Malaria, 578, 627 ; Mos-
quitoes and Filaria ivimitis. Prof. Grassi and G. Noe, 627 ;

Plumbism in Pottery Workers, W. Burton, 616; the Causes
of Sunstroke, E. H. Freeland, 396

Mordey (Mr.), Relative Advantages of Alternate and Con-
tinuous Currents for General Electrical Supply with regard to

Interference with other Interests, 417
Moreno (M.), Sunshine in Mexico, 499
Morgan (Prof. C. Lloyd, F.R.S.), the Relation of Stimulus to

Sensation, 278 ; Experiments on the Avoidance of Distasteful

Forms by Birds, 590
Morgan (G. T.), Action of Formaldehydes on Naphthalene
Amines (II.), 215

Morocco, the Ginn in. Dr. E. Westermarck, 499
Morphology : Morphological Anatomy of Vertebrates : the Air
chambers in Mammalian Skull, Dr. S. Paulli, 323 ; the
Brain of the Pond-tortoise, Dr. B. Haller, 324 ; the Origin of
Vertebrates deduced from Study of Ammocoetes, Dr. Gaskell,

423
Morris (Charles), Man and his Ancestor, a Study in Evolution,

lOI

Morse (Prof. E. S.), "Cuckoo-spit," 109
Morton (Alex. ), a Large Tasmanian Crab, 496
Morton (Prof. W. B.), Results Obtained by Applying J. J.
Thomson's and Sommerfeld's Solution of the Propagation of
an Electric Wave along a Single Wire, 563

Moscou, Bulletin de la Societe des Naturalistes de, 93

Mosquitoes, W. R. Colledge, 201 ; Mofqtiitoes and Malaria,

G. A. K. Marshall, 375 ; Dr. L. O. Howard, 500 ; H. J.
Elwes, F.R.S., 554; Major Ronald Ross, 589; Prof,

Grassi, 578, 627 ; Models of Infected Blood Corpuscles, Delta
Emett, 208 ; Investigations of Drs. Sambon and Low in the

Campagna, 531 ; Mosquitoes and Elephantiasis, 374 ; Mos-
quitoes and Filaria iimnitis. Prof. Grassi and G. Noe, 627

Mosses : Untersuchungen ueber d. Vermehrung d. LauhnT>ose
durch Brutorgane und Stecklinge, Dr. Carl Correns, 339

Mosse (A.), Physiologic.d Action of Compressed Oxygen, 492
Moulton (F. R. ), Meteoric Theory of the Gegenschein, 305
Mount Kenya Expedition, 1899, Preliminary Notes on the

Results of the, H. J. Mackinder, 12

Mount St. Elias (Alaska). La Spedizione di sua Altezza Reale il

Principe Luigi Amadeo de Savoia, Duca degli Abruzzi, al

Monte Sant' Elia (Alaska), 1897, Dottore Filippo de Filippi,

1.529
Mountaineering : La spedizione di sua Altezza Reale il Principe

Luigi Amadeo di Savoia, Duca degli Abruzzi, al Monte Sant'

'Elia (Alaska), 1897, Dottore Filippo de Filippi, i, 529 ; the

Highest Andes, E. A. Fitzgerald, Edward Whymper, 38
Moureu (Charles), Acetyl-phenylacetylene and Benzoyl-Phenyl-

acetylene, 72
Mouluori (Dr. Adolfo), the Loss of Power of Absorbing Oxygen
by Blood caused by Injection of Carbonic Oxide, 18

Moving Pavement, the Elevated, at the Paris Exhibition, 107
Moving Platforms, Railways and. Prof. John Perry, F.R.S.,

412; Lieut.-Colonel W. Sedgwick, 436
Mud Island in Walfisch Bay, 336 ; Mr. Cleverley, 464
Muff (H. B.), on the Glacial Phenomena of the West Riding,

588
Muller (J. J. A.), the Total Eclipse of the Sun of May 17-18,

1901, 389
Miiller-Pouillet's Lehrbuch der Physik und Meteorologie, 361
Multiple Space in Applied Mathematics, on the Use of, H. S.

Carslaw, 561
Mummy-Cereals, Edmond Gain, 191

Mundy (A. J.), Acoustical Triangulation, 422
Murray (Sir John, K.C.B., F.R.S.), a Bathymetrical Survey of

the Freshwater Lochs of Scotland, 65, 263 ; Physical,

Chemical, and Biological Conditions of Black Sea, 191 ; Deep
Sea Deposits from Valdivia Expedition, 360

Muscle Testing, Therapeutic Electricity and Practical, W. S.

Hedley, 30
Museums, Descriptive and Illustrated Catalogue of the Physio-

logical Series of Comparative Anatomy contained in the

Museum of the Royal College of Surgeons cf England, 385
Musker Steam Motor Waggon, the, 554
Myers (W.), Standardisation of Anti-venomous Serum, 215
Myres (J. L.), on the Cave of Psychro in Crete, 637

Nagaoka (Dr. H.), Elastic Constants of Rocks and Velocity of

Seismic Waves, 36
Nansen (Fridtjof), the Norwegian North Polar Expedition,

1893-1896, to Franz Josef Land, Scientific Results, 146 ; Prof.

Nansen's New Insulating Water Bottle : Dr. H. R. Mill,

Naphthalene Derivatives, Isomeric, Report of the Committee
of the British Association on, 567

Nares (Sir George, F.R.S.), Annual Report on the Mersey,

231
Nathorst (A. G.), the Norwegian North Polar Expedition,

1893-1896, to Franz Josef Land, Scientific Results, 146
Natural History : Notes on Sport and Travel, George Henry

Kingsley, 5 ; the Unveiling of the Huxley Memorial Statue,

10 ; Preliminary Notes on the Results of the Mount Kenya
Expedition, 1899, H. J. Mackinder, 12 ; Death and Obituary

Notice of Prof. A. Milne-Edwards, 13 ; Linnean Society,

46, 143, 215, 262 ; New South Wales Linnean Society, 640;
a Vertebrate Fauna of the Shetland Isles, A. H. Evans and
T. E. Buckley, 75 ; Memoirs of Kazan Society of Naturalists,

93 ; Bulletin de la Societe des Naturalistes de Moscou, 93 ;

Temperatures of Recently Killed Chamois, G. Stallard, 293 ;

Nature in Downland, W. H. Hudson, 417 ; the Birds of

Cheshire, T. A. Coward and Charles Oldham, 417 ; in Bird-

land with Field Glass and Camera, Oliver G. Pike, 417 ; the

Preservation of Big Game in Africa, E. N. Buxton, 550;
Association of German Naturalists, 553 ; Church Stretton,

vol. i.. Geology, E. S. Cobbold ; Macro-Lepidoptera, F. B.



Nature, "|

December 13, 1900 J
Index xxvii

Newnham; Molluscs, Robert A. Buddicom, 571 ; Antelopes

and their Recognition Marks, R. I. Pocock, 584 ; Unusual
Modes of Development in Batrachia, Miss Sampson, 605 ;

Tenacity of Life of the Albatross, Prof. John Perry, F.R.S.,

621 ; Captain Wm. T- Reed, 621 ; the Elephant-Seals of

Kerguelen Island, R, Hall, 628
Natural Selection : Lamarckiens et Darwiniens, Felix Le

Dantec, 388 ; Albinism and, Walter Garstang, 620
Naturalism and Agnosticism, James Ward, 25
Naturvoiker, Psychologie der. Dr. J. Schultze, 220
Naval Architecture : the Use of Steel in Ship-building, B.

Martell, 90 ; the Steadying of Ships, Prof. G. H. Bryan,

F.R.S., 186
Navigation ; Self-instruction in the Practice and Theory of

Navigation, the Earl of Dunraven, 337 : Acoustical Trian-

gulation, A. J. Mundy, 422
Nebula, New Planetary, R. G. Aitken, 606
Needham (Prof. J. G. ), Insect Visitors to Iris, 201
Neptune, Photographic Observations of Satellite of, M. S.

Kostinsky, 161

Neville (F. H.), on the Chemical Compounds contained in

Alloys, 566
New Instrument to Measure and Record Sounds, a. Dr. Ben-
jamin F. Sharpe, 80

New Mexico, Meteorology of Cooking in, 421
New South Wales Linnean Society, 640
New South Wales Royal Society, 288, 384
New York Meeting of the American Association, the, 269
New Zealand Volcanoes, Dr. B. Friedlander, 180
Newcomb (Prof. S.), Determination of Solar Parallax from

Opposition of Eros, 20
Newnham (F. B.), Church Stretton, vol. i., Macro- Lepidoptera,

571
Newton (Prof. Alfred, F.R.S.), Specimens oi Dromaius ater,

Newton's Rings from Selenium Rays, A. C. Longden, 273
Niagara Falls Power Company's Works, the, 422
Nicaragua, Lake, the Permanence of. Prof. A. Heilprin, 395
Nicholson (J. T.), the Flow of Marble, 335
Nidd Valley Waterworks of Bradford, J. Watson, 609
Nile, Effect on Lower Nile of "Sudd" Cutting on Upper,

180
Nile Floods and Monsoon Rains, 391
Nile, Upper, the White Rhinoceros on the, Oldfield Thomas,

599
Nimier (H.), les Armes Blanches, leur Action et leurs Effets

Vulnerants, 313 ; les Projectiles des Armes de Guerre, leur
Action Vulnerante, 313 ; les Explosifs, les Poudres, les Pro-
jectiles d'Exercice, leur Action et leurs EfFets Vulnerants, 313

Nineveh and Babylon, the Reports of the Magicians and Astro-
logers of, R. C. Thompson, 51

Nipher (Prof. F. E.), Exposure and Development of Photo-
graphic Plates in Ordinary Light, 62 ; Photographic Reversal,

159 ; the Zero Photographic Plate, 192 ; Eclipse Photography,
246 ; Method of obtaining Zero Photographic Plate, 396

Noble (Sir Andrew, K.C.B., F.R.S.), Some Modern Explosives,
86, III

Noe (G. ), Mosquitoes and Filaria immiiis, 627
Nogue (M.), Spider-silk Manufacture in Madagascar, 17
Normandie, les Vieux Arbres de la, Henri Gadeau de Kerville, 7
North Atlantic, Circulation of Surface Waters, H. N. Dickson,

286
Norway : the Norwegian North Polar Expedition 1893- 1896 to

Franz Josef Land, Scientific Results, Fridtjof Nansen, J. F.
Pompeckj, A. G. Nathorst, R. Collett, 146; the Climate of
Norway, A. S. Steen, 4';7

Number, the Science of, ifclements de la Theorie des Nombres,
E. Cahen, 52

Object Lessons in Botany from Forest, Field, Wayside and
Garden, Edward Snelgrove, 53

Observatories : Unpublished Observations at Radcliffe Observa-
tory, 1774-1838, Dr. A. A. Rambaut,64; Oxford University
Observatory, Prof. H. H.Turner, no ; Rousdon Observatory,
Devon, Sir C. E. Peek, no; Observations of Variable Stars,
T Cassiopeioe and R Cassiopeioe, made at Rousdon Ob-
servatory, Devon, Sir C. E. Peek, 398 ; Liverpool Observa-
tory, W. E. Plummer, 137 ; Harvard College Observatory,

137 ; the Royal Observatory, Greenwich, 233 ; Report of the

Cape Observatory, Sir David Gill, 398 ; Paris Observatory
Annual Report, M. Loewy, 606 ; Astronomical Work at

Daramona Observatory, W. E. Wilson, 630
Occultation of Saturn, 137,425
Ocean Current Papers, H. C. Russell, 108
Oceanography : a Partial Explanation of some of the Principal

Ocean Tides, R. A. Harris, 258 ; Explorations of the ^/iJa/w^J

in the Pacific, 307
Oddone (Dr. E.), Negative Eflfects of Solar Eclipse on Atmo-

spheric Electricity, 532
Odessa : Memoirs of Mathematical Section of Novorossian

Society of Naturalists, 93
Ogawa(M.), Ammonium Imidosulphite, 143
Oldham (Charles), the Birds of Cheshire, 417
Oldham (R. D.), the Great Earthquake of June 12, 1897, 305 ;

on the Geological Evidence of the Conditions under which
Coal was Formed, 588 ; on the Mode of Formation of the

Basal Carboniferous Conglomerate of Ullswater, 588 ; on the

Formation of New Beaches on the Shore of Thirlmere Reser-
voir, 588

Olivier (Louis), Poulsen's Telegraphone, 273
Ontario, on the Paganism of the Iroquois of, David Boyle, 635
Ophthalmology : the Refraction of the Eye, including a Complete

Treatise on Ophthalmometry, A. Edward Davis, 6
Optics : Le9ons d'Optique Geometrique a 1' Usage des ifeleves de
Mathematiques Speciales, E. Wallon, 30 ; Coma, Prof. S. P.

Thompson, n8 ; the " Orthostigmat " Lens, 188 ; Objective

Presentation of Properties of Polarised Light, N. Umow, 211
;

Action of Light on Silver as Demonstrated by Vapour-conden-
sation, General Waterhouse, 254; Colour Photometry (iii.).

Sir William Abney, 273 ; Action of Light on Magnetism,

J. H. Hart, 286 ; an Optical Phenomenon, Prof. A. M.
Worthington, F.R.S., 293 ; the Production of Monochromatic
Light, Charles Fabry and A. Perot, 350 ; Electrical Effect of

Light on Green Leaves, Dr. A. D, Waller, F.R.S., 358;
Living Light, Raphael Dubois, 464 ; a Dark Lamp, Gustave
Le Bon, 532 ; J. W. Gifford's Quartz-calcite Lens with

Identical Visual and Photographic Focus, 563 ; Colour
Changes in Prawns, Dr. Gamble and Mr. Keeble, 555 ;

Lehrbuch der Optik, Dr. Paul Drude, 595 ; Range-finders,

Prof. W. Stroud, 607
Ore Deposits of the United States and Canada, the, J. F. Kemp,

365
Oreamnus Kennedyi, a New American Mountain Antelope, D.

G. Elliott, 321
Orientation of the Field of View of the Siderostat and Coelostat,

A. Fowler, 428
Origin and Character of the British People, Nottidge Charles
Macnamara, 172

Origin of the British Flora, the, Clement Reid, F.R.S., 268
Ornithology : a Key to the Birds of Australia and Tasmania,

with their Geographical Distribution in Australia, R. Hall, 6 ;

Robin's Nest in Water-can, F. W. Haselgrove, 17 ; Racket
Feathers, L. W. Wiglesworth, 54 ; the Reviewer, 54 ; British

Birds, C. W. Wyatt, 100 ; Our Native (American) Birds, D.
Lange, 100 ; a Third Specimen of the Extinct Dromaius
ater, Vieillot, found in the R. Zoological Museum, Florence,

Prof. Henry H. Giglioli, 102 ; Specimens of Dromaius aUr,

Prof. Alfred Newton, F.R.S., 151 ; the Norwegian North
Polar Expedition, 1893-1896, to Franz Josef Land, Scientific

Results, Fridtjof Nansen, J. F. Pompeckj, A. G. Nathorst,

R. Collett, 146 ; among the Birds in Northern Shires, Charles

Dixon, 177; Mode of Carriage by Cuckoo of Egg, A. H.
Meiklejohn, 201 ; the Eider Duck's Summer Moultir.g

Plumage, Witmer Stone, 201 ; the Study of Bird-life, W. P.

Pycraft, 221 ; Nesting Habits of Australian Dian.ond
Bird, Robert Hall, 303 ; the Birds of Surrey, J. A. Bucknill,

339 ; the Migration of Swifts, Oswald H. Latter, 413

;

William Andrews, 436 ; Nature in Downland, W. H. Hudson,

417 ; the Birds of Cheshire, T. A. Coward and Charles

Oldham, 417 ; in Birdland with Field Glass and Camera,
Oliver G. Pike, 417 ; a Swallow-cum-Sparrow Nest, J. H.
Allchin, 532 ; Fancy Water-fowl, F. Finn, 547 ; the

Bobolink as a Rice-pest, F. E. L. Beal, 605
"Orthostigmat" Lens, the, 188

Orton (K. J. P.), Substituted Nitrogen Chloride and Bromide
Derivatives of Ortho- and Para-acet-toluide, 71 ; Estimation

of Hypoiodites and Reaction of Iodine Monochloride with

Alkalis, 71 ; Transformation Product of Phenylacetyl Nitro-

gen Chloride, 143



XXVIII Index Nature.
December 13, 1900

Osborn (Prof. H. F.), Correlation between Tertiary Mamma-
lian Horizons of Europe and America, 424

Osmotic Properties, on the, and their Causes in the Living

Plant and Animal Cell, Prof. Overton, 612

Osteology, the Origin of Mammals, J. S. Kingsley, 254
Ousounify, a New Edible Tuber from the Soudan, Maxime

Cornu, 72
Outlines of Plant Life, with Special Reference to Form and

Function, Prof. Charles Reid Barnes, 30
Overton (Prof.), on the Osmotic Properties and their Causes in

the Living Plant and Animal Cell, 612
Owens College, the New Physical Laboratory at, 250
Oxford University Museum, Catalogue of Eastern and Austra-

lian Lepidoptera Heterocera in the Collection of the, 548
Oxford University Observatory, Prof. H. H. Turner, ilo

Oxfordshire, on the Occurrence of Flint Implements of Palseo-

lithic Type on an Old Land Surface in, A. M. Bell, 636
Oxy-gas Blowpipe Flame, Working Silica in the, W. A. Shen-

stone, F.R.S., and H. G. Lacell, 20
Oxygen, Compressed, Physiological Action of, A. Mosso, 492

Pacific, Explorations oi \}Rt. Albalross\xi\\\&, 307
Paganism of the Iroquois of Ontario, on the, David Boyle, 635
Paix-Seailles (C), Product of Decomposition of a Diiodhydrin

of Glycerol, 191
Palaeobotany : Sigillaria, M. Grand'Eury, 23 ; the Arizona

"Chalcedony Park," L. F. Ward, 62 ; the Norwegian North
Polar Expedition, 1893-96, to Franz Josef Land, Scientific

Results, Fridtjof Nansen, J. F. Pompeckj, A. G. Nathorst,

R. CoUett, 146 ; the Structure of Paleozoic Plants, Mr. Car-

ruthers, F.R.S,, 287 ; Elements de Paleobotanique, R.
Zeiller, 315

Paleeolithic Implements from Stellenbosch, L. Peringuey and
G. S. Corstophine, 464

Palaeolithic Man in Africa, Sir John Evans, F.R.S., 190
Palaeontology : Cambrian Fossils of Eastern Salt-range (India),

Dr. K. Redlich, 36 ; Cordaites, M. Grand'Eury, 47 ; an
Anomodont Reptile from Bunter Sandstone of Reichen, Prof.

H. G. Seeley, F.R.S., 94; Theriodont Reptile from Ba-
viaans River, Cape Colony, Prof. H. G. Seeley, F.R.S.,
262 ; Undescribed Trilobites in Oxford University Museum,
H. H. Thomas, 262 ; Radiolaria frnm Coulsdon Upper Chalk,
W. M. Holmes, 262 ; Correlation between Tertiary Mam-
malian Horizons ofEurope and America, Prof. H. F. Osborn,

424 ; Restoration of Stylonurus Lacoanus, C. E. Beecher,

432; Rhamphorhynchus in Bavaria, 577
Pangan Tribe of Aborigines in the Malay Peninsula, on some

Anthropological Observations of the, W. L. H. Duckworth,

633
Paris : Paris Academy of Sciences, 23, 46, 71,95, 119, 143, 167,

191, 216, 240, 264, 288, 312, 336, 383, 408, 432, 464, 492,
520, 544, 568, 592, 616, 639 ; the Elevated Moving Pave-
ment at the Paris Exhibition, 107 ; Automobile Trials at,

158; Artificial Ant-hills, C. Janet, 490; Prize Subjects of

the Paris Societe d'Encouragement, 380 ; American Institute

and English Institution of Electrical Engineers at Paris, 415 ;

Paris International Congress of Mathematicians, 418 ; Paris

International Physical Congress,'Dr. Ch. Ed. Guillaume, 425 ;

a Night with the Great Paris Telescope, C. P. Butter, 574

;

Paris Observatory Annual Report, M. Loewy, 606
Park (James), the Cyanide Process of Gold Extraction, 148
Parker (M. A.), an Introduction to Analytical Chemistry, 292
Parkin (J.), on Fungi found in Ceylon Growing on Scale-insects,

613
Parmentier (F.), Composition of Mont Dore Gas, 47
Parry (E. J.), Santalol, 322
Parry (John), Solution Theory Applied to Molten Iron and Steel,

128
Parsons' Steam Turbine System, H. M.S. Viper, 322
Patagonia, on Recent Explorations in, Prof. W. B. Scott, 587 ;

on the Miocene Fauna of Patagonia, Prof. W. B. Scott, 589
Patent Law, the Law and Practice relating to Letters Patent for

Inventions, R. W. Wallace, J. B. Williamson, 618
Pathology, Research in, H. T. Butlin, 254
Paulli(Dr. S.), the Air Chambers in Mammalian Skull, 323
Paulsen (Herr), the Telephonograph, 61
Paulson (Robert), Disease of Birch Trees in Epping Forest and

Elsewhere, 599
Peachey (S. J.), Dextromethylethylpropyl Tin Dextrobromo-
camphorsulphonate, 143

Pearson (H. H. W.), the Flora of the Andes, 46
Pearson (Prof. Karl, F.R.S. ), the Grammar of Science, 49;

Measurements in Schools. Collateral Heredity, 173,599; Cor-

relation between Life-duration and Number of Offspring, 381
Peat, the Textile Uses of, Herr Zschorner, 108

Peek (Sir C. E.), Rousdon Observatory, Devon, no ; Rousdon
Observatory (Devon), Variable Stars jT Cassiopeite and R
Cassiopeise, 398 ; Observations at Rousdon for 1899, 422

Pelabon (H.), Action of Hydrogen on Arsenic Sulphides, 408
Pelew Islands, Dugong Vertebra as Bracelet in, Dr. O. Finsch, 36
Pelletier (Bertrand) and J. B. Caventou, Unveiling of a Monu-
ment to, 421

Penfield (S. L.), the Empirical Formula of the Tourmaline Acid,

286 ; Calcite Crystals, 568
Peopling of Australia, the, John Mathew, 549 ; Sidney H. Ray,

621

Percival (John), Agricultural Botany, 570
Percussion Caps for Shooting in Schools, Sir Lauder Brunton,

F.R.S., 54
Peringuey (L.), Palaeolithic Implements from Stellenbosch, 464
Perkin (Dr. F. MoUwo), Advancement of Electrical Chemistry,

138
Perkin, (W. H. jun., F.R.S.), Brazilin (iv.), 71 ; Hsematoxylin

(v.), 71 ; New Series of Pentamethylene Derivatives (i.), 261 ;

Action of Sodium and Methyl Iodide on Ethyl Dimethyl-
butanetricarboxylate, 261 ; Opening Address in Section B
of the British Association, 476

Perkins (R. C. L.), on the Zoology of the Sandwich Islands,

589
Permeability of Iron under the Influence of the Oscillatory

Discharge from a Condenser, E. W, Marchant, 413
Perot (A.), the Production of Monochromatic Light, 350
Perry (Prof. John, F.R.S.), Valve Motions of Engines, 31 ;

England's Neglect of Science, 221 ; the Teaching of Mathe-
matics, 317 ; Railways and Moving Platforms, 412 ; Tenacity

of Life of the Albatross, 621

Perseid Meteoric Shower, the, W. F. Denning, 173
Perseids of 1900, the August, W. F. Denning, 398
Peru, Rubber Forest in, 578
Petaval's (G. E. ), Apparatus for Experiments on the Explosive

Pressures of Gases, 563
Peters (C. A.), Separation and Determination of Mercury as

Mercurous Oxalate, 210
Peters (G. H.), Colour Screens for Refracting Telescopes, 37
Pettersson's (Prof.) New Insulating Water Bottle, Dr. H. R.

Mill, 591
Petty (S. L.), a Tour through Great Britain in 1727,496
Phaseolus, on the Behaviour during Karyokinesis of the

Nucleolus in the Root-apex of, Harold Wager, 612
Philippi (Dr.), Deep-sea Deposits from Valdivia Expedition,

360
Phillipines, Earthquakes of 1897 in, P. J. Coronas, 555
Phillips (C. E. ), on the Apparent Emission of Kathode Rays

from an Electrode at Zero Potential, 564
Philology : Homochronous Heredity and Changes of Pronunci-

ation, Charles G. Stuart-Menteath, 524 ; Proof of Old
Semitic Influence in South Africa, K. Meinhof, 606

Philosophy : Death of Prof. Henry Sidgwick, 456 ; Unter-

suchungen uber Philons und Platons Lehre von der Welt-

schopfung, Jacob Horovitch, 494
Phisalix (C), Bacillus Anthracis Brevigemmans, 408
Phonetics, Introduction to English, French and German, with

Reading Lessons and Exercises, Laura Soames, 220

Phosphorescence : Phosphorescence unaffected by Magnetic

Field, A. de Hemptinne, 323 ; a " Dark Lamp," Gustave Le
Bon, 532 ; Phosphorescent Glow in Gases, J. B. B. Burke,

564 ; Simple Experiments on Phosphorescence, 599
Photography : Photo-micrography, Dr. Edmund J. Spitta, 4

;

Exposure and Development in Ordinary Light, Prof. F. E.

Nipher, 62 ; Micro-photography, Iso-photography, Mega-
photography, A. R. Hunt, 79 ; Photographic Observation of

Eros, Prof. Howe, 137; Howe's Photographic Observation

of Eros, A. C. D. Crommelin, 184 ; Photographic Observ-

ations of Satellite of Neptune, M. S. Kostinsky, 161 ; Eclipse

Photography, Prof. Francis E. Nipher, 246 ; Automatic

Photography of the Corona, Prof. C. Burckhalter, 535 ; on

use of Wedge of Yellow Optical Glass in giving Correctly

Graduated Photographic Exposures of the Partial Phases of

an Eclipse and the Corona, Prof. Todd, 565 ; Photographic

"Reversal," Prof. Nipher, 159; the Zero Plate, Prof.



December 13, 1900
.

Index XXIX

Nipher, 192; Method of Obtaining "Zero" Plate, Prof.

F. E. Nipher, 396; the " Orthostigmat " Lens, 188;
Photography in Colours, R. C. Bayley, 195 ; a Handbook of
Photography in Colours, Thomas Bolas, Alexander A. K.
Tallent. Edgar Senior, 434 ; Thos. Thorp's Modification of

Prof. Wood's Diffraction Process of Colour Photography, 580;
Action of Light on Silver as Demonstrated by Vapour-
condensation, General Waterhouse, 254 ; Lehrbuch der
Photochromie (Photographic der Nalurlichen Farben),
Wilhelm Zenker, Philip E. B. Jourdain, 316 ; Analytical

Portraiture, Francis Gallon, F.R.S., 320 ; Photographic Side
of Mr. F. Galton's Analytical Portraiture Suggestions, 374

;

the Photc^raphy of Sound Waves, Prof. R. W. Wood, 342 ;

Dark Images of Photographed Lightning Discharges, J. B.
Hannay, 389; the Royal Photographical Society's Exhibi-
tion, 556 ; the " Panoram " Kodak, 556 ; J. W'. Gifford's

Quartz- calcite Lens with Identical Visual and Photographic
Focus, 563 ; on some Points connected with the Photography
of a Moving Object, W. E. Plummer, 565 ; A. R. Hinks,

565
Photometric Revision of Harvard Photometry, 37
Photometry of Corona, April 16, 1893, Prof. H. H. Turner, 86
Photometry, Colour (iii.). Sir William Abney, 273
Physical Geography : Circulation of Surface Waters of North

Atlantic, H. N. Dickson, 286
Physics : Working Silica in the Oxy-gas Blowpipe Flame,
W. H. A. Shenstone, F.R.S., and H. G. Lacell, 20 ; Physical
Society, 23, 70, 118, 166,214; Astronomical Applications
of Physical Problems Investigated at Solar Physics Observa-
tory, Sir Norman Lockyer, 23 ; Some Speculations as to the
Part Played by Corpuscles in Physical Phenomena, Prof. J. J.
Thomson, F.R.S., 31 ; Escape of Gases from Planetary At-
mospheres, S. R. Cook, 54; Dr. G. Johnstone Stoney,
F.R.S., 78, 359; the Kinetic Theory of Planetary Atmo-
spheres, Prof. G. H. Bryan, F.R.S., 126, 189; Annalen der
Physik, 92, 211, 335, 381, 568, 639; Scientific Papers, Peter
Guthrie Tait, Secretary R.S.E., Prof. Horace Lamb, F.R.S.,

99 ; a Simple Experiment on Thermal Radiation, Dr. K. T.
Fischer, 103 ; the Theory of Electrolytic Dissociation, H. C.
Jones, 121 ; Viscosities of Mixtures of Liquids, Dr. C. H.
Lees. 166; Death of M. Boutan, 179; the Weight of Hydro-
gen Desiccated by Liquid Air, Lord Rayleigh, F.R.S., 189 ;

a Surface-tension Experiment, T. J. Baker, 196; Prof.
Henry Bourget, 269 ; Measurement of Surface-tension, J. S.
Stevens, 568 ; Dynamical Theory of Atmospheric Circula-
tion, Prof. V. Bjerknes, 200 ; Method of Studying Diffusion
of Air through Water, C. Barus, 210 ; the Law of Cailletet

and Mathias and the Critical Density, Prof. S. Young, 214;
Papers on Mechanical and Physical Subjects, Osborne Rey-
nolds, 243 ; the New Physical Laboratory at Owens College,

250 ; .Lther and Matter, Joseph Larmor, Prof, Geo. Fras.
Fitzgerald, F.R.S. , 265 ; Viscosity of Gases as Affected by
Temperature, Lord Rayleigh, F.R.S., 287 ; Demonstration
of Earth's Rotation with i -Metre-long Pendulum, Alphonse
Berget, 288 ; le Fluor et ses Composes, Henri Moissan, 291 ;

Some Results Obtained with a Storage Battery of Twenty
Thousand Cells, Prof. John Trowbridge, 325 ; the Conduc-
tivity Produced in Gases by the Motion of Negatively-charged
Ions, J. S. Townsend, 340 ; Motion in an Infinite Elastic
Solid caused by Motion through it of a Body Acting on it

only by Attraction and Repulsion, Lord Kelvin, 360 ; Miiller-

Pouillet's I-ehrbuch der Physik und Meteorologie, 361 ; Ob-
servation of the Circular Components in the " Faraday Effect,"
Prof. D. B. Brace, 368; Physical Structure of Asbestos,
Geoffrey Martin, 369 ; Recent Studies in Gravitation, Prof.

John H. Poynting, F.R.S., 403 ; Paris International Physical
Congress, Dr. Ch. Ed. Guillaume, 425; Difference of Poten-
tial between Solid Salt and its Solution, Dr. A. Campetti,
458 ; the Theory of Ions, 524 ; Deformation of Contact of
Elastic Bodies, A. Lafay, 544 ; the Rate of Increase of
Underground Heat, James Stirling, 555 ; Simple Experi-
ments on Phosphorescence, 599 ; Untersuchungen liber

Mikrostructuren des erstarrten Schwefels nebst Bemerkungen
iiber Sublimation, O. Butschli, 619 ; Untersuchungen tlber

. die Microstructur kiinstlicher und natiirlicher Kieselsaure-
, gallerten (Tabaschir, Ilydrophan, Opal), O. Butschli, 619 ;

Elementary Physics and Chemistry, R. A. Gregory, A. T.
Simmons, 620 ; Hardness of Metals, F. Auerbach, 639 ;

Introduction to Physical Chemistry, James Walker, Prof.
Arthur Smithells, 76 ; Theoretical and Physical Chemistry,

Part. ii. Chemical Statics, J. H. van 't Hoff, 245 ; a Text-
book of Physical Chemistry, Dr. R. A. Lehfeldt, 292

;

Physico-chemical Reaction : its Driving Energy and Tem-
perature Coefficients, Prof. T. W. Richards, 351. See also

Section A of the British Association

Physiography : a Monograph of Christmas Island (Indian Ocean),
Physical Features and Geology, C. W. Andrews, 193 ; the

School Journey : a Means of Teaching Geography, Physio-

graphy and Elementary Science, Joseph H. Cowham, 619
Physiology : the Loss of Power ot Absorbing Oxygen by Blood
Caused by Injection of Carbonic Oxide, Dr. Adolfo Mou-
tuori, 18 ; Physiological Action of Compressed Oxygen, A.
Mosso, 492 ; Absorption of Free Oxygen by Normal Urine,
Daniel Berthelot, 592 ; Influence of Temperature on Activity

of Motor Nerves of Frog, J. Carvallo ; Functions of Crystal-

line Tube of Acephela, Henri Coupin, 47 ; Action of Anti-
leucocytic Serums on Blood Coagulation, C. Delezenne, 144 ;

Presence of Iodine in Blood, E. Gley and P. Bourcet, 216;
Arsenic and Iodine in Animal Organism, Armand Gautier,

383 ; Iodine in Organism, P. Bourcet, 384 ; Anti-coagulating

Power of Serum in Pathological State, Ch. Achard and A.
Clerc, 216; Function of Cell Nucleus in Absorption, H.
Stassano, 240 ; Action of High-frequency Currents on Ele-

mentary Respiration, M. Tripet, 240; die Moderne Physio-

logische Psychologic in Deutschland, W. Heinrich, 245

;

the Relation of Stimulus to Sensation, Prof. C. Lloyd Morgan,
F.R.S., 278; Experimental Parthogenetic Segmentation in

Amphibia and Fish, E. Bataillon, 288 ; Beitrage zur Physio-

logic des elektrischen Organes der Zitterrochen (Torpedo),
Siegfried Garten, 290 ; Experimentation on Emotion, Prof.

C. S. Sherrington, F.R.S., 328 ; Lessons in Elementary
Physiology, Thos. H. Huxley, LL.D., F.R.S., Prof. E. A.
Schafer, F.R.S. , 363; an Introduction to the Study of the

Comparative Anatomy of Animals, G. C. Bourne, 364

;

Physiology for the Laboratory, Bertha Millard Browne, 365 ;

Rechts-und Linkshandigkeit, Dr. Fritz Lueddeckens,W, L. H.
Duckworth, 409 ; Relation of Cell to Enzymes, Sir J. Burdon-
Sanderson, 423 ; Generative Process in Hoem.amcebids, Prof.

E. R. Lankester, 424 ; the Last Sign of Life Determined by
Electricity, A. D. Waller, 492 ; Effects of Work of Active
on Inactive Muscular Groups, MM. Kronecker and Cutter,

492 ; Haemoglobin not Estimable by Absorbing Power of
Blood, L. G. de St. Martin, 520 ; the Nitro-celluloses, Leo
Vignon, 520; on the Effects of Copper on the Human Body,
Dr. T. W. Hime, 566 ; Physiology, Plant : Chlorophyll a
Sensitiser, Prof. Clement Timiriazeff, 102 ; Dr. Horace T.
Brown, F.R.S., 103; Recent Investigations on Rust of

Wheat, William G. Smith, 352 ; Fungus Diseases of Citrus

Trees in Australia, and their Treatment, D. Macalpine, 494 ;

Ascent of Sap, Dr. Henry H. Dixon, Dr. J. Joly, F.R.S.,

572 ; Tobacco, 576
Pickering (Prof. W.), Swift's Comet (1892 I.), 501
Pigments, Note on some Blue and Red, Prof. T. D. A.

Cockerell, 31
Pike (Oliver G.), in Birdland with Field-glass and Camera, 417
Pinget (H.), Development of Iron Industry in France, 535
Pirrson (L. V.), Determination of Minerals in thin Rock

Sections, 638
Pisciculture in the United States, Dr. Whitten, 423
Pitcairn Islands, Stone Implements from, J. Allen Brown, 1 19
Pitmanese Phonetics, Laura Soames, 220
Pitt-Rivers (Lieut. -General, F.R.S), Death of, 33; Obituary

Notice of, 59
Plague: the Plague, 231 ; Rats and Plague, Dr. Frank Tids-

well, 273 ; the Plague in Glasgow, 456, 498, 577
Planets : Ephemeris for Eros, 20, 1 10, 184, 459^501, 535, 581,

606, 630 ; Determination of Solar Parallax from Opposition
of Eros, Prof. S. Newcomb, 20 ; Photographic Observation
of Eros, Prof. Howe, 137 ; Howe's Photographic Observa-
tion of Eros, A. C. D. Crommelin, 184 ; Opposition of Eros,

M. Loewy, 630 ; Escape of Gases from Planetary Atmospheres,
S. R. Cook, 54; Dr. G. Johnstone Stoney. F.R.S., 78 ; the

Kinetic Theory of Planetary Atmospheres, Prof. G. H. Bryan,

F.R.S., 126; Occultation of Saturn, 137; Rotation Period of

Venus, Prof. A. Belopolsky, 160 ; Photographic Observations

of Satellite of Neptune, M. S. Kostinsky, 161
; Jeremiah

Horrocks and the Transit of Venus, 257 ; the Stability of a
Swarm of Meteorites and of a Planet and Satellite, Prof. A.
Gray, F.R.S., 582; New Planetary Nebula, R. G. Aitken,

606



XXX Index r Nature,
L December 13,

Plankton of the Bay of Biscay, the, G. Herbert Fowler, 317
Plant Hybrids, Wilfred Mark Webb, 174
Plant Life, Outlines of, with Special Reference to Form and

Function, Prof. Charles Reid Barnes, 30
Plant Physiology : Chlorophyll a Sensitiser, Prof. Clement

Timiriazeff, 102; Dr. Horace T. Brown, F.R.S., 103; Re-
cent Investigations on Rust of Wheat, William G. Smith,

352 ; Fungus Diseases of Citrus Trees in Australia and their

Treatment, D. McAlpine, 494; Ascent of Sap, Dr. Henry H.
Dixon, Prof. J. Joly, F.R.S., 572 ; Tobacco, 576

Plants, a New Geography of. Prof. Alfred Kirchofif, Dr. Otto
Stapf, 569

Plants of the Past, R. Zeiller, 315
Plarr (Victor), the Centenary of the Royal College of Surgeons,

294
Platforms, Moving, Railways and, Prof. John Perry, F.R.S.,

412 ; Lieut. -Colonel W. Sedgwick, 436
Plotosus canitis and the " Snake-stone," Dr. Hervey, 79
Plumbism, Pottery and, Dr. T. E. Thorpe, F.R.S., 42
Plumbism in Pottery Workers, W. Burton, 616
Plummer (W. E.), Liverpool Observatory, 137 ; on some Points

connected with the Photography of a Moving Object, 565
Pochettino (A.), Evaporation not Productive of Loss of Electri-

city, 458
Pocklington (Dr. IL C), on the Radiation of a Black Body on

the Electro-magnetic Theory, 564
Pocock (R. L), Antelopes and their Recognition Marks, 584
Point Groups, the Present State of the Theory of, Miss F. Hard-

castle, 561
Poirault(M.), Observations on Pythium, 613; Observations on

Chytridinere, 614
Polyandry, Artificial Deformation of Heads and some Customs

connected with, Kumagusu Minakala, 437
Pompeckj (J. J. F. ), the Norwegian North Polar Expedition,

1893-1896, to Franz Josef Land, Scientific Results, 146
Pompeii, its Life and Art, August Mau, 7
Poncelet (F. ), Human Body as Screen in Wireless Telegraphy,

568
Pope (W. J.), Dextromethylethylpropyl Tin Dextrobromo-
camphorsulphonate, 143 ; Ions, 564 ; on Recent Develop-
ments in Stereochemistry, 567

Porta (Dr. A.), the Common Frog-hopper, 532
Portable Gas Producers, Dr. J. A. Purves, 601

Portraiture, Analytical, Francis Galton, F.R.S., 320; Photo-

graphic Side of Mr. F. Galton's Suggestions, 374
Potholes and Caves of the Mountain Limestone District of North-

west Yorkshire, on the, S. W. Cuttriss, 587
Potsdam Great Refractor, the New Spectrographs for the, Prof.

C. H. Vogel, 459
Pottery and Plumbism, Dr. T. E. Thorpe, F.R.S., 42
Pottery Workers, Plumbism in, W. Burton, 616
Potts (L. M. ), Rowland's New Method for Measuring Electric

Absorption, 432
Pouget (M.), the Alkaline Selenio-antimonites, 24
Poulsen's Telegraphone, Louis Olivier, 273
Poulton's (Prof. E. B. ), Photographs illustrating the General

Principles of Miillerian Mimicry, 590
Pouret (Ch. ), Bromination with Aluminium Bromide, 47
Power (Dr. F. P.), Precipitated Mercurous Iodide, 322
Poynting (Prof. John H., F.R.S.), Recent Studies in Gravita-

tion, 403
Practical Navigation, 337
Prawns, Colour-changes in, Dr. Gamble and Mr. Keeble, 555,

590
Precocity, a Physical Basis of, 578
Preece (Sir William H., F.R.S.), Relative Advantages of

Alternate and Continuous Current for General Electrical

Supply, with regard to interference with other Interests, 415 ;

Wireless Telephony, 564 ; on the Proposed Mono-rail High
Speed Electric Railway between Manchester and Liverpool,

610
Prehistoric Antiquities of Rumbold's Moor (near Bradford), on

the, Butler Wood, 637
Preservation of Big Game in Africa, the, E. N. Buxton, 550
Preservation of Local Antiquities, on the, Butler Wood, 637 ;

Dr. A. C. Haddon, 637
Primes, on the Determination of Successive High, Lieut.

-

Colonel Cunningham, H. J. Woodall, 561
Principles of Bacteriology, the, Dr. Ferdinand Hueppe ; Dr.

A. C. Houston, 73

Principles of Mechanics presented in a New Form, the, Hein-
rich Hertz, 50

Prize Subjects of the Paris Societe d'Encouragement, 380
Projectiles : Les Projectiles des Armes de Guerre ; Leur Action

Vulnerante, H. Nimier and Ed. Laval, 313 ; Les Explosifs,

Les Poudres, Les Projectiles d'Exercice ; Leur Action et

leurs Effets Vulnerants, H. Nimier and Ed. Laval, 313
Pronunciation, Homochronous Heredity and Changes of, Charles

G. Stuart-Menteath, 524
Protoplasm, Prof. Dr. Max Kassowitz, Prof. H. Marshall

Ward, F.R.S., 217
Psychology : Psychology of Fishes, Dr. R. W. Shufeldt, 63 ;

Mental Lapses, H. H. Bawden, 108 ; Monistische Gottes-

und-Weltanschaung, J. Sack, 172; Psychologie der Natur-

vcilker. Dr. J. Schultz, 220 ; Die Moderne Physiologische

Psychologie in Deutschland, W, Heinrich, 245 ; Zur
Prinzipienfragen der Psychologie, W. Heinrich, 245 ; an
Outline Sketch, Psychology for Beginners, Hiram M. Stan-

ley, 245 ; Experimentation on Emotion, Prof. C. S. Sherring-

ton, F.R.S., 328; Psychology of Reasoning, Alfred Binet,

388
Psychro, on the Cave of, in Crete, D. G. Hogarth, 637 ; Arthur

J. Evans, 637, J. L. Myres, 637
Puff Balls, Large, W. A. Sanford, 496
Pullar (Fred P.), a Bathymetrical Survey of the Fresh-water

Lochs of Scotland, 65, 263
Purves (Dr. J. A. ), Portable Gas Producers, 6oi

Purvis (Dr. G. C), a Possible Preventive of African Horse-sick-

ness, Dr. G. C. Purvis, 83
Puss Moth, Functions of an Organ of a Larva of the, Arthur

S. Thorn, 389 ; Function of the Whips of the Larva of the,

W. F. Kirby, 413
Pycraft (W. P.), the Study of Bird-life, 221

Pye-Smith (Dr. P. H , F.R.S.), Medicine as a Science and
Medicine as an Art, 356

Pythium, Observations on, M. Poirault, 613 ; E. J. Butler,

613 ; on the Biology and Cytology of. Prof. Trow, 613

Qualitative Analysis, Elements of. Dr. G. H. Bailey and G. J.
Fowler, 412

Quantics, Binary, on the Asyzygetic and Perpetuant Covariants

of Systems of, Major MacMahon, 561 ;
Quantics, Binary and

other, on the Symbolism appropriate to the Study of Ortho-

gonal and Boolian Invariant Systems which appertain to.

Major MacMahon, 561 ; Quantics, n, a Property of the

Characteristic Symbolic Determinant of any, in n Variables,

Major MacMahon, 561 ;
Quaternion Methods Applied to

Dynamics, W. G. Barnett, 174
Quintic Curve cannot have more than Fifteen Real Points of

Inflexion, on the Result that a, A. B. Basset, F.R.S., 561

Rabl (Dr. Carl), Ueber den Bau und die Entwicklung der

Linse, 125
Races of Europe, the, a Sociological Study, William Z. Ripley,

Prof. A. C. Haddon, F.R.S., 27
Racket Feathers, L. W. Wiglesworth, 54 ; the Reviewer^ 54
Radclifife Observatory, Unpublished Observations at, 1774-

1838, Dr. A. A. Rambaut, 64
Radiation, on the Relation of Radiation to Temperature, Dr.

Larmor, 562 ; Prof. Fitzgerald, 562
Radiography : the Radium Radiation, P. Villard, 47 ; Behaviour

of Radium at Low Temperatures, O. Behrenden, 335 ; an

Experiment of M. Jaumann, P. Villard, 47 ; Temperature of

Potential Gradient in Rarefied Gases, G. C. Schmidt, 92 ;

Mechanical Motions under Influence of Kathode and Rontgen

Rays, L. Graetz, 92 ; Energy of Kathode Rays, W^. Cady,

93 ; the Kathode Rays, P. Villard, 191 ; Discontinuity of

Kathodic Emission, P. Villard, 240; Production of Kathode

Rays by Ultra-violet Light, P. Lenard, 335 ; Significance of

Kathode Rays in connection with Mechanism of Discharge,

Dr. Otto Berg, 628 ; Reflection and Mechanical Effect of

Kathode Rays", 639 ; Sources and Properties of Becquerel

Rays, Prof. G. H. Bryan, F.R.S., 151 ; Meeting of Rcintgep

Society, 179 ; the American Holtz Machine, 179 ; Dr. Remy's

Localising Apparatus, 180 ; the Radiation of Uranium,

Henri Becquerel, 191 ; the Uranium Radiation, Henri Bec-

querel, 312 ; Production of X-Rays by Battery Current, J.



Nature,
December 13, 19CO. Index XXXI

Trowbridge. 211 ; Cadett and Neall's X-Riy Papar, 253 ;

•• Influence of Spirk-gap on Generation of Rontgen Riys, A.
Winkelmann, 568 ; Ne>vton's Rings fnm Selenium Rays,

A. C. Longden, 273 ; Phosphorescence Unaffected by Mag-
netic Field, A. de Hemptinne, 323 ; Artificial Radio-active

Birium, A. D;bierni, 3S?; a "Dirk" Limj, Gistave le

Bon, 532 ; Radiation of a Black Body on the Electro-magnetic
Theory, Dr. H. C. Pocklington, 564

Riffli5(Sir Stanford), E.ijLinJ in theFarEist, H. E. Ejerton,

548
R\ils, Steel, the Cause of Fracture of, 437
Railways : The Proposed Railway up Mont Blanc, J. and H.

Vallot, 62 ; the Metropolitan District Short Electric Railway
Line, 107; the Halford Gradient Railway, 180; the Con-
ditions of High Speed on Railways, 181 ; Specially

built Tram for Experiment on Atmospheric Resistance,

200 ; the Transbaikalian Railway, 253 ; What Pressure

is Dangerous on Electric Railways with Overhead Trolley,

William Rung. 399 ; Railways and Moving Platforms, Prof.

John Perry, F.R.S., 412 ; Lieut. -Colonel W. Sedgwick, 436 ;

Electric Traction in Germany, 532 ; on the Question of a
Railway Connection between Europe and India, Colonel Sir

Thomas W. Holdich, 590
Rainfall of the Northern Counties of England, on the,

J. Hopkinson, 563
Rainfall, Symons's British, H. Sowerby Wallis, 435
Ramage (H.), on a Method of Investigating Correspondence
between Spectra, 563

Rambaut (Dr. A. A.), Unpublished Observations at Radcliff'e

Observatory, 1774-1838, 64
Randall-Maclver (D. ), on the Present State of our Knowledge

of the Modern Population of Egypt, 636
Range-finders, Prof. W. Stroud, 607
Kansome (W. L. ), Carnotite, 432
Rats : Bacteriological Methods of Exterminating Rats, J.

Danysz, 84 ; Rats and Plague, Dr. Frank Tidswell, 273
Ravenstein (E. G.), on Foreign and Colonial Surveys, 590; on

the Geographical Distributions of Relative Humidity, 590
Ray (Sidney H), the Peopling of Australia, 621
Riyet (G.), Comet igooi (Borelly-Brooks), 464
Rayleigh (Lord, F.RS.), the Mechanics of Flight, 108; the
Weight of Hydrogen Desiccated by Liquid Air, 189; Viscosity

of Gases as aflfected by Temperature, 287
Reorganisation of the Education Department, the, 209
Reale Accademia dei Lincei, Anniversary Meeting of, 430
Reasoning, the Psychology of, Alfred Binet, 388
Rebiere (A.), Pages Choises des Savants Modernes, 6
Reclamation of Land from Tidal Waters, the, Alexander

Beazeley, 266
Recognition Marks, Antelopes and their, R. L Pocock, 584
Recording Telephones, 371
Red and Blue Pigments, Note on some, Prof. T. D. A.

Cockerell, 31
Red Sea, Origin and Formation of, A. Issel, 201
Redlich (Dr. K.), Cambrian Fossils of Eastern Salt-Range

(India), 36
Reed.(F. R. C), Igneous Rocks of Waterford Coast, 167
Reed (Captain Wm. J.), Tenacity of Life of the Albatross,

621
Reef-knolls, on the Formation of, R. H. Tiddeman, 587 ;

J. E. Marr, 587
Reform of Mathematical Teaching, the, David Mair, 389

;

Henry Woollen, 436; W. F. Beard, 466; C. E.Stromeyer,

523 ; Oliver Heaviside, 548
Refracting Telescopes, Colour Screens for, T. J. J. See and
G. H. Peters, 37

Refraction of the Eye, the, including a Complete Treatise on
Ophthalmometry, A. Edward Davis, 6

Reid (Clement, F.R.S.), the Origin of the British Flora, 268
Relation of Stimulus to Sensation, the. Prof. C. Lloyd-Morcan,
F.R.S.,278

Religion : Malay Magic : being an Introduction to the Folk-
lore and Popular Religion of the Malay Peninsula, W. W,
Skeat, 145

Remy's (Dr.) Localising Apparatus for Rontgen Rays, 180
Repington (C.), E.jgs of Wood L2op.ird Moth, 321
Reservoir-burst at Forres, 457
Resins: Die Harze und die Hirzebahalter, A. Tschirch, 316
Resistance CjiU, improved Standard, R. S. Wnipple, 563

Reviews and Our Bookshelf :—
La Spedizione di sua Altezza Reale il Principe Luigi Amedeo

di Savoia, Ducadegli Abruzzi, al Monte Sant' Elia (Alaska),

1897, Dottore Filippo de Filippi, i

Vorlesungen iiber Hydrodynamische Fernkrafte nach C. A.

Bierknes' Theorie, V. Bierknes, Prof. G. H. Bryan,
F.R.S., 3

Photo-micrography, Dr. Edmund J. Spitta, 4
Notes on Sport and Travel, George Henry Kingsley, 5
Irrigation and Drainage, Principles and Practice of : their

Cultural Phases, F. H. King, 5
The Refraction of the Eye, including a Complete Treatise on

Ophthalmometry. A Clinical Text-book for Students and
Practitioners, A. Edward Davis, 6

A Key to the Birds of Australia and Tasmania, with their

Geographical Distribution in Australia, R. Hall, 6
Pages Choisies des Savants Modernes, A. Rebiere, 6
Les Vieux Arbres de La Normandie, Henri Gadeau de

Kerville, 7
Pompeii : its Life and Art, August Mau, 7
Naturalism and Agnosticism

, James Ward, 25
The Races of Europe : a Sociological Study, William Z.

Ripley, Prof. A. C. Haddon, F.R S., 27
Histologische Beitriige, Heft VI. : Ueber Reauktionstheilung,

Spindelbildung,Centrosomen und Cilienbildner im Pflanzen-
reich, E. Strasburger, Prof. J. B. Farmer, 28

Mechanism of Weaving, T. W. Fox, 29
Le9ons d'Optiques .Geometrique a I'Usage des Aleves de

Mathematiques Speciales, E. Wallon, 30
Therapeutic Electricity and Practical Muscle Testing, W. S.

Hedley, 30
Lessons in Botany, Prof. George F. Atkinson, 30
Outlines of Plant Life, with Special Reference to Form and

Function, Prof. Charles Reid Barnes, 30
The Grammar of Science, Karl Pearson, F.R.S., 49
The Principles of Mechanics Presented in a New Furm,

Heinrich Hertz, 50
The Reports of the Magicians and Astrologers of Nineveh
, and Babylon, R. C. Thompson, 51
Elements de la Theorie des Nombres, E. Cahen, 52
Atlas of Urinary Sediments, with Special Reference to their

Clinical Significance, Dr. Herman Riedel, 53
Dante, Edmund G. Gardner, 53
The Farmstead, Prof. J. P. Roberts, 53
Object Lessons in Botany from Forest, Field, Wayside and

Garden, Edward Snelgrove, 53
The Principles of Bacteriology, Dr. Ferdinand Ilueppe, Dr.

A. C. Houston, 73
Vinification dans les Pays Chauds—Algerie et Tunisie, J,

Dugast. 74
A Vertebrate Fauna of the Shetland Islands, A. H. Evans,

T. E. Buckley, 75
Introduction to Physical Chemistry, James Walker, Prof.

Arthur Smithells, 76
Catalogue of the Lepidoptera Phalaense in the British

Museum, Vol. II. Catalogue of the Arctiadae {Nolinae,
Lithosianae) in the Collection of the British Museum, Sir
George F. Hampson, Bart., 77

Giordano Bruno, zur Erinnerung an den 17 Februar, 1600,
Alois Reihl, 77

Christian Freidrich Schonbein, 1799-1868, George W. A.
Kahlbaumund Ed. Schaer, Prof. R. Meldola, F.R.S., 97

Scientific Papers, Peter Guthrie Tait, Sec. R.S.E., Prof.
Horace Lamb, F.R.S., 99

British Birds, with some Notes in Reference to their Plumage,
C. W. Wyatt, 100

Our Native (American) Birds, how to Protect them and
Attract them to our Homes, D. Lange, 100

Der Ursprung der Kultur, L. Frobenius, loi
The Amateur's Practical Garden Book, C. E. Hunn, L. H.

Bailey, loi

Man and His Ancestor : a Study in Evolution, Charles
Morris, loi

A First Geometry Book,
J.

G, Hamilton, F. Kettle, loi
The Theory of Electrolytic Dissociation, H. C. Jones, 121
Traite de Zoologie Concrete. T. ii. iro Partie. M6so-

zoaires—Spongiaires, Yves Delage, Edgard Herouard, 122
Les Charbons Britanniques et leur ifepuisement, E. Loze,

Bennett H. Brough, 124



Index r Nature,
\_December 13,

Ueber den Bau und die Entwicklung der Linse, Dr. Carl
Rabl, 125

Building Construction for Beginners, J. W. Riley, 125
Catalogue of the Fossil Bryozoa in the Department of

Geology, British Museum (Natural History). The
Cretaceous Bryozoa. Vol. i. Dr. J. W. Gregory, 125

Malay Magic : being an Introduction to the Folklore and
Popular Religion of the Malay Peninsula, W. W. Skeat,

145
The Norwegian North Polar Expedition, 1893-96, Fridtjof

Nansen, J. F. Pompeckj, A. G. Nathorst and R. CoUett,

146
The Cyanide Process of Gold Extraction, James Park, 148
The Cause and Prevention of Decay in Teeth, J. Sim

Wallace, Dr. Harold Austen, 149
Erinnerungen aus meinem Leben, A. Kolliker, 169
Theory of Differential Equations, A. R. Forsyth, F.R.S.,

Origin and Character of the British People, Nottidge Charles
Macnamara, 172

The Geography of the Region about Devil's Lake and the

Dalles of the Wisconsin, Prof. R. D. Salisbury, W. W.
Atwood, 172

Monistische Gottes- und Weltanschauung, J. Sack, 172
First Stage Hygiene, Robert A. Lyster, 1 73
Among the Birds in Northern Shires, Charles Dixon, 177
A Monograph of Christmas Island (Indian Ocean), Physical

Features and Geology, C. W. Andrews, 193
Metallurgy of Lead and Silver. Part II. Silver, Henry

F. Collins, 194
The History of Language, Henry Sweet, 195
Micro-organisms and Fermentation, Alfred Jorgensen, 195
Photography in Colours, R. C. Bayley, 195
Lefons Nouvelles sur les Applications Geometriques du Calcul

Differentiel, W. de Fannenberg, 196
Elementary Illustrations of the Differential and Integral

Calculus, Augustus De Morgan, 196
Allgemeine Biologie, Prof. Dr. Max Kassowitz, Prof. H.

Marshall Ward, F.R.S., 217
Introduction to English, French and German Phonetics,

Laura Soames, 220
Psychologie der Naturvolker, Dr. J. Shultze, 220
The Study of Bird-life, W. P. Pycraft, 221

An Introduction to the Differential and Integral Calculus and
Differential Equations, F. G. Taylor, 221

Monographie der Turbellarien II. TricladidaTerricola(Land-
planarien), Prof. Ludwig von Graff, F. W. Gamble, 241

Papers on Mechanical and Physical Subjects, Osborne
Reynolds, F.R.S., 243

Sette Anni di Caccia Grossa e Note di Viaggio in America,
Asia, Africa, Europa, Count Felice Scheibler, 244

Die Moderne Physiologische Psychologie in Deutschland,

W. Heinrich, 245
Zur Prinzipienfragen der Psychologie, W. Heinrich, 245
An Outline Sketch : Psychology for Beginners, Hiram M.

Stanley, 245
Rural Wealth and Welfare, Economic Principles Illustrated

and Applied in Farm Life, Geo. T. Fairchild, 245
Lectures on Theoretical and Physical Chemistry, J. H.

van 't Hoff, 245
yEther and Matter, Joseph Larmor, Prof. Geo, Eras. Fitz-

gerald, F,R.S,, 265
The Reclamation of Land from Tidal Waters, Alexander

Beazeley, 266
Handbuch der Anatomie und Vergleichenden Anatomie des

Centralnervensystems der Saugetiere. Dr. Edw. Flatau,

Dr. L. Jacobsohn, 267
The Origin of the British Flora, Clement Reid, F.R.S., 268
A Manual of Marine Meteorology for Apprentices and Officers

of the World's Merchant Navies, William Allingham, 268
Babylonians and Assyrians : Life and Customs, Rev. A. H.

Sayce, 289
Beitrage zur Physiologie des Electrischen Organes der

Zitterrochen (Torpedo), Siegfried Garten, 290
Le Fluor et ses Composes, Henri Moissan, 291
A Text-book of Physical Chemistry, Dr. R. A. Lehfeldt, 292
An Introduction to Analytical Chemistry, G. G. Henderson,
M, A. Parker, 292

Maryland Weather Service, 292
Volta e la Pila, Prof. Augusto Righi, 293

Les Armes Blanches, leur Action et leurs Effets Vulnerants,
H. Nimier, Ed. Laval, 313

Les Projectiles des Armes de Guerre ; leur Action Vulnerante,
H. Nimier, Ed. Laval, 313

Les Explosifs, les Poudres, les Projectiles d'Exercise ; leur
Action et leurs Effets Vulnerants, H. Nimier, Ed. Laval,

^ 313
Elements de Paleobotanique, R. Zeiller, 315
Lehrbuch der Photochromie (Photographie der Natiirlichen

Farben), Wilhelm Zenker, Philip E. B. Jourdain, 316
Die Harze und die Harzebeh'alter, A. Tschirch, 316
The Lepidoptera of the British Islands, Charles G, Barrett,

317
Self-instruction in the Practice and Theory of Navigation, the

Earl of Dunraven, 337
Le Cafe, Culture—Manipulation— Production, Henri Lecomte

338
The Birds of Surrey, J. A. Bucknill, 339
Untersuchungen ueber d. Vermehrung d. Laubmoose durch

Brulorgane und Stecklinge, Dr. Carl Correns, 339
Village Notes and Some Other Papers, Pamela Tennant,

340
Midler- Pouillet's Lehrbuch der Physik und Meteorologie,

361
Lessons in Elementary Physiology, Thomas H. Huxley,

F.R.S. ; Prof. E. A. Schafer, F.R.S., 363
Die Glykoside, Dr. J. J. I. van Rijn, 363
An Introduction to the Study of the Comparative Anatomy

of Animals, G. C. Bourne, 364
The Ore Deposits of the United States and Canada, J. F.
Kemp, 365

Physiology for the Laboratory, Bertha Millard Brown, 365
Michigan Board of Agriculture, Annual Report, 1898-99,

365
Descriptive and Illustrated Catalogue of the Physiological

Series of Comparative Anatomy contained in the Museum
of the Royal College of Surgeons of England, 385

Textbook of Zoology, treated from a Biological Standpoint,
Part I., Mammals, O. Schmeil, 386

The Carbonic Anhydride of the Atmosphere, Prof. E. A.
Letts, R. F. Blake, 387

The Air of Rooms, Francis Jones, 387
Lamarckiens et Darwiniens ; Discussion de Quelques Theories

sur la Formation des Especes, Felix Le Dantec, 388
Helen Keller, Souvenir, 388
The Psychology of Reasoning, Alfred Binet, 388
Electric Batteries, How to Make and Use Them, P. Marshall,

388
Rechts- und Linkshandigkeit, Dr. Fritz Lueddeckens,
W. L. H. Duckworth, 409

Histology of the Blood : Normal and Pathological, P.

Ehrlich and A. Lazarus, Dr. T. H. Milroy, 410
Biological Lectures from the Marine Laboratory at Woods'

Holl, U.S.A., for 1899, 411
Brief Guide to the Commoner Butterflies of the Northern

United States and Canada, Samuel Hubbard Scudder, 411
Elements of Qualitative Analysis, G. H. Bailey and G. J.

Fowler, 412
Nature in Downland, W. H. Hudson, 417
The Birds of Cheshire, T. A. Coward and Charles Oldham,
417

In Birdland with Field-glass and Camera, Oliver G. Pike,

417 .

Introduction to Zoology : a Guide to the Study of Animals,
for the Use of Schools, C. B. Davenport and Gertrude
C. Davenport, 433

A Handbook of Photography in Colours, Thomas Bolas,

Alexander A. K. Tallent and Edgar Senior, 434
Probleme, Kritische Studien iiber den Monismus, Dr. H. v,

Schoeler, 435
Diamond Drilling for Gold and other Minerals, G. A. Denny,

435 .. .

Symons' British Rainfall, H. Sowerby Wallis, 435
The Structure and Functions of Bacteria, Alfred Fischer, Dr.
A. C. Houston, 465

A Walk through the Zoological Gardens, F. G. Aflalo, 466
From Matter to Man : a New Theory of the Universe, A.

Redcote Dewar, Prof. R. Meldola, F.R.S., 493
Untersuchungen iiber Philons und Platons Lehre von der
Weltschopfung, Jacob Horovitz, 494



Nature,
Dtcember 13, igco

Index XXXlll

Fungus Diseases of Citrus Trees in Australia, and their Treat-

ment, D. McAlpine, 494
Missouri Botanical Garden, Eleventh Annual Report, 495
The Fauna of South Africa : Mammals, Vol. I. Primates,

Carnivora and Ungulata, W. L. Sclater, 521

Acetylene : a Handbook for the Student and Manufacturer,

Vivian B. Lewes, 522
Wireless Telegraphy and Hertzian Waves, S. R. Bottone, 522

The Ascent of Mount St. Elias (Alaska), H.R.H. Prince

Luigi Amedeo di Savoia, Duke of the Abruzzi, 529
A Treatise on Zoology, Part HI. : the Echinoderma, F. A.

Bather, J. W. Gregory, E. S. Goodrich, E. Ray Lankester,

F.R.S., 545
Illustrations of the Botany of Captain Cook's Voyage Round

the World in H.M.S. Endeavour, in 1768-71, Right Hon.
Sir Joseph Banks and Dr. Daniel Solander, Prof. W.
Botting Hemsley, F.R.S., 547

Fancy Water-fowl, F. Finn, 547
Catalogue of Eastern and Australian Lepidoptera Heterocera

in the Collection of the Oxford University Museum, Part

ii. : Noctuina, Geometrina and Pyralidina, Colonel C.

Swinhoe ; Pterophoridas and Tineina, Right Hon. Lord
Walsingham, John Hartley Durrant, 548

Sir Stamford Raffles: England in the Far East, H. E.

Egerton, 548
Pflanzen- und Tierverbreitung, Alfred KirchoflF, Hann,

Hochstetter and Pokorny, Dr. Otto Stapf, 569
Agricultural Botany, Theoretical and Practical, John Perci-

val, 570
Surveying and Exploring in Siam, James McCarthy, 571
Church Stretton, Vol. L : Geology, E. S. Cobbold ; Macro-

Lepidoptera, F. B. Newnham ; Molluscs, Robert A.
Buddicom, 571

Surveying with the Tacheometer, N. Kennedy, 571
The Foundations of Zoology, William Keith Brooks, 593
Lehrbuch der Optik, Dr. Paul Drude, 595
Year-book of the United States Department of Agriculture,

1899, Prof. R. Warington, F.R.S., 597
Lehrbuch der Anorganischen Chemie, Dr. A. F. Holleman,

598
Flora of Bournemouth, including the Isle of Purbeck, E. F.

Linton, 598
Carnations and Picotees for Garden and Exhibition, H. W,

Weguelin, 598
Symbolism of the Huichol Indians, Carl Lumholtz, Prof.

Alfred C. Haddon, F.R.S., 6cx3

\enia, or the Immediate Effect of Pollen in Maize, Herbert

J. Webber, 601

Memoirs of the Geological Survey of the United Kingdom.
The Cretaceous Rocks of Britain, Vol. I. : the Gault and
Upper Greensand of England, A. J. Jukes-Browne, Prof.

T. G. Bonney, F.R.S., 617
The Law and Practice relating to Letters Patent for Inven-

tions, R. W. Wallace, J. B. Williamson, 618
Lectures on the History of the Development of Chemistry

since the Time of Lavoisier, Dr. A. Ladenburg, 618
Untersuchungen iiber Mikrostrukturen des erstarrten Schwe-

fels nebst Bemerkungen uber Sublimation, O. Biitschli, O19
Untersuchungen liber die Mikrostruktur kiinstlicher und

Naturlicher Kieselsauregallerten (Tabaschir, Hydrophan,
Opal), O. Biitschli, 619

The School Journey : a Means of Teaching Geography,
Physiography, and Elementary Science, Joseph H. Cowham,
619

Air, Water and Food, Ellen H. Richards and Alpheus G.
Woodman, 620

Elementary Physics and Chemistry, R. A. Gregory and
A. T. Simmons, 620

Principles d'Hygiene Coloniale, Dr. Georges Treille, 620
The Antarctic Regions, Dr. Karl Fricker, Dr. Hugh Robert

Mill, 624
Through the First Antarctic Night, 1898-99, Frederick A.
Cook, Dr. Hugh Robert Mill, 624

Reynolds (J. E.), Silico-diphenyl diimide and Silicotriphenyl-

guanidine, 215
Reynolds (Osborne), Papers on Mechanical and Physical

Subjects, 243
Rheins (George), Wastage of Electrical Properties of Cables
under Continuous Currents, 520

Rhinoceros, the White, on the Upper Nile, Oldfield Thomas,

599
Rhinoceros-Birds in British East Africa, Change of Feeding-

habits of. Captain Hinde, Prof. E. Ray Lankester, F.R.S.,

366
Rhys (Prof. John), Opening Address in Section H of the

British Association, 513
Rhythms and Geologic Time, G. K. Gilbert, 275
Richards (Ellen H.), Air, Water and Food, 620
Richards (Prof. T. W.), the Atomic Weight of Iron, 160;

Physico-Chemical Reaction, its Driving Energy and Tem-
perature Coefficients, 351

Richardson (F. W.), on Bradford Sewage and its Treatment,

567
Richarz (Prof. R. ), an Illustration of Doppler's Principle, 35
Ries (Dr. H.), the Clays of Alabama, 274
Riedel (Dr. Hermann), Atlas of Urinary Sediments, 53
Riehl (Alois), Giordano Bruno, zur errinnerung an den 17

Februar, 1600, 77
Righi (Prof. Augusto), Volta e la Pila, 293

j

Right- and Left- Handedness, Dr. Fritz Lueddeckens, W. L. H.
j

Duckworth, 409
i

Rijn ^Dr. J. J. I. van), " Die Glykoside," 363
I Riley (J. W.), Building Construction for Beginners, 125
' Ring Nebula in Lyra, 425
j

Ripley (William Z. ), the Races of Europe, a Sociological

; Study, 27

I

Ristori (E.), Researches on Modern Explosives, II, 46
!
Ritter (W. E.), Harrimania Maculosa, a New Enteropneustum,.

i 579
Rivers (Dr. W. H. R.), Genealogical Researches in Torres.

Straits, 71
Riviere (M. ), Researches in Presence of Saturated^ Mercury
Vapour, 191

Rixon (F, W.), on the Specific Heat of Gases up to a Tempera-
ture of 400°, 566

Road Locomotion, Prof. Hele-Shaw, F.R.S., 139
Robbins (W. C), Locust Destruction in South Africa, 134
Roberts (J. G.), a Remarkable Hailstorm, 341
Roberts (Prof. J. P.), the Farmstead, 53
Roberts-Austen (Prof. Sir W. C, F.R.S.), Properties of Gold-
and Copper Alloys, 93

Robertson (Sir George), Presidential Address in Section E of
the British Association, 590

Robin's Nest in Water-can, F. W. Haselgrove, 17
Robinson (H. H.), Determination of Minerals in thin Rock-

sections, 638
Rock-forming Minerals, the Melting Points of, J, A. Cunning-
ham, 368

Rock-structures in the Isle of Man and in South Tyrol, Dr,
Maria M. Ogilvie Gordon, 7

Roger (E.), Greatest Heat of Century, 421
Rogers (G. H. J. ), Modification of Rousselet (Microscopical)-
Compressor, 287

Rontgen Rays : Mechanical Motions under Influence of Rontgen*
Rays, L. Graetz, 92 ; Meeting of Rontgen Society, 179; the
American Holtz Machine, 179; Dr. Remy's Localising
Apparatus, 180 ; Production by Battery Current of, J.
Trowbridge, 211 ; Cadett and Neall's X-Ray Paper, 253;
Influence of Spark-gap on Generation of Rontgen Rays, A.
Winkelmann, 568

Rood (O. N.), Experiments on High Electrical Resistance, 638
Rooke (T.), the Daylight Meteor of Sunday, September 2, 524
Rooper (T. G.), on the Teaching of Geography in the Elemen-

tary Schools of the West Riding, 591
Rooms, the Air of, Francis Jones, 387
Root-structure, on a Fourth Type of Transition of Stem to,

Miss Ethel Sargant, 611
Rose (T. K.), Properties of Gold and Copper Alloys, 93
Rosenhain (Walter), Crystalline Structure of Metals, 211, 567;
on the Making of a Malay " Kris" and on the Malay Method
of Producing Chains by Casting, 634

Ross (Major Ronald), on Malaria and Mosquitoes, 589
Rotation Period of Venus, Prof. A. Belopolsky, 160
Rotch (A. Lawrence), High Kite Flight at Blue Hill, 350 ; on

the Use of Kites for Meteorological Observations, 563
Roth (H. Ling), on Permanent Artificial Skin Marks, 634 ; on

the Stone Implements of the Natives of Tasmania, 637
Rotuma, on Nine Crania Collected by J. Stanley Gardiner

during his Expedition to, W. H. L. Duckworth, 633



XXXIV Index [Nature,
December 13, 1900

Rousdon Observatory, Devon, Sir C. E. Peek, no; Variable

Stars, T Cassiopeiae and R Cassiopeia, Sir C. E. Peek,

398 ; Meteorological Observations at, Sir C. E. Peek, 422
Rowland (Sydney), Influence of Temperature of Liquid Hydro-

gen on Bacteria, 286
Royal College of Surgeons, the Centenary of the, Victor Plarr,

294
Royal Geographical Society, Medal Awards, 34
Royal Society, 46, 93, 189, 211, 238, 286, 335, 358, 381, 615;

Royal Society Selected Candidates, 56 ; Conversazione, 67,

208
Rubber-cultivation in Samoa, 136
Rubber Forests in Peru, 578
Ruhemann (S.)- Condensation of Ethyl Acetylenedicarboxylate

with Bases and j3-Ketonic Ester, 215 ; Condensation of

Phenols with Ethyl Phenylpropiolate, 215
Riimbald's Moor (Near Bradford), on the Prehistoric Antiqui-

ties of, Butler Wood, 637
Rung (William), what Pressure is Dangerous on Electric

Railways with Overhead Trolley Wires, 399
Runge (C), the Spect;?ijm of Radium, 568
Rural Wealth and Welfare, Geo. T. Fairchild, 245
Russell (Alex.), Variation of Condenser and Choking Coil

Currenfs with Shape of Electromotive Wave, 375
Russell (H. C), Ocean Current Papers, 108
Rust of Wheat, Recent Investigations on, William G. Smith, 352

Sabatier (Paul), Addition of Hydrogen to Acetylene in Pre-
sence of Copper, 168 ; Addition of Hydrogen to Acetylene
in Presence of Reduced Iron and Cobalt, 191 ; Addition of
Hydrogen to Acetylene and Ethylene in Presence of Finely-

divided Platinum, 264 ; Action of Reduced Nickel on Acety-
lene, 312 ; Action of Finely-divided Metals on Acetylene
and Ethylene, 336 ; Addition of Hydrogen to Ethylene in

Presence of Reduced Metals, 240
Sack (J.), Monistische Gottes-und-Weltanschaung, 172
Sacral Index, on the, Prof. J. D. Cunningham, 633
St. Christopher, Climate of, W^ B. Alexander, 35
Saint Lawrence Electrical Power Works, 135
St. Louis Academy of Science, 192
St. Martin (L. G. de). Haemoglobin not Estimable by Absorb-

ing Power of Blood, 520
St. Paul's, the Lightning Conductors of, K. Hedges, 68
St. Petersbourg, Bulletin de I'Academie de, 70, 211
Salisbury (Prof. R. D.), the Geography of the Regions about

Devil's Lake and the Dalles of the Wisconsin, 172
Salmon Fishery .for 1899, the Scotch, 303
Sambon (Dr.), Mosquitoes and Malaria in the Campagna, 531
Samoa, Rubber-cultivation in, 136
Sampson (Miss), Unusual Modes of Development in Batrachia,

605
San Francisco, Climate of, A. G. McAdie and G. H. Willson,

18 '

Sand-binding Plant of the Dunes on the Scotch Coast, near
Berwick, the. Prof. Bower, 611

Sandwich Islands, on the Zoology of the, R. C. L. Perkins,

589
Sanford (W. A.), Large Puflf Balls, 496
Sap, Ascent of, Dr. Henry H. Dixon, Prof. J. Joly, F.R.S.,

572
Sarawak, Decorative Arts of Sea Dayaks, Prof. A. C. Haddon,

F.R.S., 68
Sarawak, on the Animal Cults of the Natives of, and their Bearing

on the Problems of Totemism,.Dr, C. Hose, W. McDougall,
634 ; Mr. Hartland, 635

Sargant (Miss Ethel), on a Fourth Type of Transition of Stem
to Root-structure, 611

Saturn : Occultation of Saturn, 137, 425 ; Notes on Saturn and
his Markings, W. F. Denning, 237

Savants Modernes, Pages Choises des, A. Rebiere, 6
Sayce (Rev. A. H.), Babylonians and Assyrians, Life and

Customs, 289
Scale-insects on Fungi found in Ceylon, Growing on, J. Parkin,

613
Schaer (Ed.), Christian Friedrich Schonbein, 1799- 1868, 97
Schafer (Prof. E. A., F.R.S.), Lessons in Elementary Physio-

logy, Thomas H. Huxley, LL.D., F.R.S., 363
Schiebler (Count Felice), Sette Anni di Caccia Grossa -e Note

di Viaggio in America, Asia, Africa, Europa, 244

Schloeswig (Th.), Solubility of Calcium Phosphate in Soil-water

in presence of Carbon Dioxide, 312
Schmauss (A.), Anomalous Electro-magnetic Rotatory Disper-

sion, 335
Schmeil (0.), Text-book of Zoology, Treated from a Biological

Standpoint, 386
Schmidt (G. C.), Temperature Potential Gradient in Rarefied

Gases, 92
Schoeler (Dr. H. v.), Probleme, Kritische Studien Uber den

Monismus, 435
Schokalsky (J. de), Area of Basins of Russia in Asia, 408
Schonbein (Christian Friedrich), 1799-1868, Georg W. A.

Kahlbaum, Ed. Schaer, Prof. R. Meldola, F.R.S., 97
School Journey, the, a Means of Teaching Geography, Physio-

graphy, and Elementary Science, Joseph H. Cowham, 619
Schools, Collateral Heredity Measurements in. Prof. Karl

Pearson, F.R.S., 173, 599
Schools, Percussion Caps for Shooting in, Sir Lauder Brunton,

F.R.S., 54
Shoute {Prof. P. H.), Locus of Centre of Hyperspherical Curva-

ture for Normal Curve of n Dimensional Space, 232
Schryver (S. B.), Morphine (i), 260
Schultze (Dr. J.), Psychologie der Naturvolker, 220
Schwartz (E. H. L. ), the Snake-stone, 302; Bushman Draw-

ings, 336
Science : Science in Relation to Art and Industry, 32 ; the

Grammar of Science, Prof. Karl Pearson, F.R.S., 49;
Scientific Papers, Peter Guthrie Tait, Sec. .R.S., Prof.

Horace Lamb, F.R.S., 99 ; Some Scientific Aspects of Trade,

117 ; the International Catalogue of Scientific Literature,

197, 206; England's Neglect of Science, Prof. John Perry,

F.R.S., 221 ; Medicine as a Science, and Medicine as an
Art, Dr. P. H. Pye-Smith, F.R.S., 356; Mr. Balfour on
Scientific Progress, 358 ; Forthcoming Books of Science, 558

Sclater (W. L.), the Fauna of South Africa ; Mammals, 521
Scotland : a Bathymetrical Survey of the Fresh-water Lochs of

Scotland, Sir John Murray, K.C.B., F.R.S., and Fred P.

Pullar, 65, 263 ; the Salmon Fishery for 1899, 303
Scott (Dr. D. H., F.R.S.), on the Presence of Seed-like Organs

in certain Palaeozoic Lycopods, 611 ; on the Primary Struc-

ture of certain Palaeozoic Stems referred to Araucarioxylon,
612

Scott (Prof. W. B.), on Recent Explorations in Patagonia, 587 ;

on the Miocene Fauna of Patagonia, 589
Scripts, on the New, discovered by Arthur J. Evans in Crete,

526, 634
Scudder (Samuel Hubbard), Brief Guide to the Commoner

Butterflies of the Northern United States and Canada, 411
Sea, the Total Eclipse Observed at. Colonel E. E. Markwick,

183
Sea Coast Destruction and Littoral Drift, W. H. Wheeler, 400
Sea-dredging, Building-land made by, 158
Sea-Dayaks, on the Textile Patterns of the. Dr. A. C. Haddon,
634

Seals of Kerguelen Island, the Elephant, R. Hall, 628
Sedgwick ( Lieut. -Colonel W.), Railways and Moving Platforms,

436
See (T. J. J.), Colour Screens for Refracting Telescopes, 37
Seed-like Organs in certain Palaeozoic Lycopods, on the Pre-

sence of, Dr. D. H. Scott, F.R.S., 611

Seeley (Prof. H. G., F.R.S.), an Anomodont Reptile from
Bunter Sandstone of Reichen, 94 ; Theriodont Reptile from
Baviaans River, Cape Colony, 262

Seismology : Elastic Constants of Rocks and Velocity of

Seismic Waves, Dr. H. Nagaoka, 36 ; Action of Horizontal

and Vertical Pendulums, Dr. G. Agamennone, 62 ; Greek
Earthquakes, 1893-8, M. Eginitis, 85 ; Bolletino della

Societa Italiana Sismologica, 93, 286 ; the Colaba (Bombay)
Observatory, 181 ; the Great Earthquake of June 12, 1897,
R. D. Oldham, 305 ; Earthquakes of 1897 in Philippines,

P. J. Coronas, 555 ; Report of the Seismological Committee
of the British Association, 562 ; Prof. J. Milne's Report of

the Seismological Committee of the British Association, 587
Self-instruction in the Practice and Theory of Navigation, the

Earl of Dunraven, 337
Sell (W. J.), Aminochloropyridines, 143
Sella (A. ), Evaporation not Productive of Loss of Electricity,

458
Sellon (R. P.), Standardisation of Electrical Engineermg

Plant, 135



Nature,
December 13, 1900

Index

Semmola (Prof. E.), Variations with Altitude of Air Potential,

Senderens (J. B.), Addition of Hydrogen to Acetylene in the

Presence of Copper, 168 ; Addition of Hydrogen to Acetyl-

ene in Presence of Reduced Iron and Cobalt, 191 ; Addition

of Hydrogen to Acetylene and Ethylene in Presence of

Finely-divided Platinum, 264 ; Action of Reduced Nickel on

Acetylene, 312 ; Action of Finely-divided Metals on Acetyl-

ene and Ethylene, 336 ; Addition of Hydrogen jto Ethylene

in Presence of Reduced Metals, 240
Senior (Edgar), a Handbook of Photography in Colours, 434
Sensation, the Relation of Stimulus to, Prof. C. Lloyd Morgan,

F.R.S., 278
Serotherapy : a Possible Preventive of African Horse-sickness,

Dr. G. C. Purvis, 83 ; Standardisation of Anti-venomous
Serum, W. Myers, 215

Seurat (L. G.), Morphology of Respiratory Apparatus of Larva
of Britchus ornatus, 639

Severn Bore, the, Vaughan Cornish, 126

Sewage : the Bacterial Treatment of Sewage, Dr. Frank Clowes
and Dr. Houston, 128 ; on Bradford Sewage and its Treat-

ment, F, W. Richardson, 567 ; W. Leach, 568 ; W. B.

Bottomley, 568 ; on the Relation of Ulva latissima to the

Pollution of Sea-water by Sewage, Prof. Letts, J. Hawthorn,
611

Seward (Mr.), on the Climatic and other Physical Conditions
under which Coal was formed, 610

Seward (Prof A. C, F.R.S. ), on the Structure and Affinities

of Dipteris conjiigata, 612
Sharpe (Dr. Benjamin F. ), a New Instrument to Measure and

Record Sounds, 80
Shaw (P. E. ), Electric Micrometer, 67
Shaw (W. N., F.R.S.), the Daily Weather Report of the

Meteorological Office, 300
Shenstone (W. A., F.R.S.), Working Silica in the Oxy-gas

Blowpipe Flame, 20
Sherrington (Prof C. S., F.R.S.), Experimentation on Emo-

tion, 328
Shetland Isles, a Vertebrate Fauna of the, A. H. Evans and

T. E. Buckley, 75
Shimizu (S. ), a String Alternator, 286
Ship-building, the Use of Steel in, B. Martell, 90
Ships, the steadying of. Prof. G. H. Bryan, F.R.S., 186
Shooting in Schools, Percussion Caps for. Sir Lauder Brunton,

F.R.S., 54
Shove (Miss R. F.), on the Structure of the Stem of Angiopteris

evecta, 612
Shufeldt (Dr. R. W.), Psychology of Fishes, 63
Siam, Surveying and Exploring in, James McCarthy, 571
Siboga, the Cruise and Deep-sea Exploration of the, in the

Indian Archipelago, 327
Siderostat and Coelostat, Orientation of the Field of View of

the, A. Fowler, 428
Sidgwick (Prof Henry), Death of, 456 ; Obituary Notice of,

496
Silica in the Oxy-gas Blowpipe Flame, W. A. Shenstone, F.R. S.,

and H. G. Lacell, 20
Silk, Spider, Manufacture in Madagascar, M. Nogue, 17
Silver, Metallurgy of Lead and, Henry F. Collins, 194
Simmons (A. T.), Elementary Physics and Chemistry, 620
Simmonds (C), Huxley and his Work, 495
Simon (L. J.), New Pyrogenous Product from Tartaric Acid,
616 ; Isopyrotritaric Acid, 639

Skeat (W. W.), Malay Magic : being an Introduction to the
Folklore and Popular Religion of the Malay Peninsula,

145 ; Report of the Committee of the British Associa-
tion on the Natural History and Ethnography of the Malay
Peninsula, 636

Skeleton, Human, on the Developmental Changes in the, from
the Point of View of Anthropology, Dr. David Waterson,

633
Skeletons, Ancient Egyptian, on Perforate Humeri from, Prof.

A. Macalister, 633
Skin Marks, on Permanent Artificial, H. Ling Roth, 634
Sladen (Walter Percy), Death of, 179; Obituary Notice of, 256
Smith (Dr. C. A.), the Clays of Alabama, 274
Smith (G. F. Herbert), Method for Determining Refractive

Indices of Minerals of Low Symmetry, 239
lith (H. G.), Amyl Ester of Eudesmic Acid in Eucalyptus
Oils, 384

Smith (R. G.), Double Staining of Spores and Bacilli, 640
Smith (William G.), Recent Investigations on Rust of Wheat,

352
Smithells (Prof. Arthur), Introduction to Physical Chemistry,

James Walker, 76
Smithsonian Expedition, the Total Solar Eclipse as observed by

the, 246
Smyth (the late Prof. Piazzi), some Notes on his Work in

Spectroscopy, Prof. A. S. Herschel, F.R.S. , 161

Smoke Cloud of the North of England and its Influence on
Plants, the Great, Albert Wilson, 61

1

"Snake-stone," Plotosus canhis a.nA the, D. Hervey, 79
Snake-stone, the, E. H. L. Schwartz, 302
Snake-venom, Captain R. H, Elliot, 180; Standardisation

of Anti-venomous Serum, W. Myers, 215; the South Indian
Snake-men, Captain R. H. Elliott, 324

Snape (H. L.), Racemic and Optically Active Forms of Iso-

amarine, 143
Snelgrove (Edward), Object Lessons in Botany from Forest,

Field, Wayside, and Garden, 53
Snow-drifts on Ingleborough in July, Prof T. Mckenny

Hughes, F.R.S., 389 ; Prof. T. G. Bonney, F.R.S., 412
Snyder (V.), Invariant Scrolls In Collineations which leave a
Group of Five Points Invariant, 381

Soames (Laura), Introduction to English, French, and German
Phonetics, with Reading Lessons and Exercises, 220

Sociology : the Races of Europe, a Sociological Study, William
Z. Ripley, Prof. A. C. Haddon, F.R.S., 27

Solander (Dr. Daniel), Illustrations of the Botany of Captain
Cook's Voyage Round the World in H.M.S. Endeavour,
in 1768-71, 547

Solar Parallax, Determination of, 377
Solar Radiation, Report of the British Association Committee

on Solar P.adiation on Experiments conducted by Prof.

Callendar on the Modified Copper-cube Actinometer, 562
Solidification of Alloys, the, Fred. T. Trouton, F.R.S., 523
SoUas (Prof. W. J., F.R.S.), Opening Address in Section C of

the British Association, 481 ; on a Concealed Coal Field
Beneath the London Basin, 587

Solution Theory Applied to Molten Iron and Steel, John
Parry, 128

Sound Waves, the Photography of. Prof. R. W. Wood, 342
Sounds, a New Instrument to Measure and Record Sounds, Dr.
Benjamin F. Sharpe, 80

Sources and Properties of Becquerel Rays, Prof. G. H. Bryan^
F.R.S., 151

South African Philosophical Society, 216, 264, 464
Space, Pseudospherical, Dynamics of. Prof. D. de Francesco, 18
Species, the Subordination of the Individual to the Welfare of

the, 593
Spectrum Analysis, Comparison of Stellar with Laboratory

Spectra, Sir Norman Lockyer, 23 ; Spectrum of )3 Lyrse
and 7] Aquilce, O. Belopolsky, 70 ; Temperature Control of
Spectrograph, Prof W. W. Campbell, 137 ; some Notes on
the late Prof Piazzi Smyth's Work in Spectroscopy, Prof.

A. S. Herschel, F.R.S., 161; the Band Spectrum of Aluminium,
G. A. Hemsalech, 335 ; Spectrum of Radium, Eug. Demar-
9^y> 336 ; Spectrum of Radium, C. Runge, 568 ; Influence
of Slight Impurities on Argon and Helium Spectra, P.

Lewis, 381 ; Fluorescence and Phosphoresence in Electric

Discharge through Nitrogen, P. Lewis, 381 ; the New Spec-
trographs for the Potsdam Great Refractor, Prof. C. H.
Vogel, 459 ; Dr. S. P. Langley's Chart of the Infra Red
Spectrum from 07 to 5*3 /t* obtained by the Bolometric
Method, 562 ; H. Ramage, on a Method of Investigating

Correspondence between Spectra, 563 ; Spectra of Hydrogen
and Aqueous Vapour, J. Trowbridge, 568 ; Spectroscopic
Examination of Colour Produced by Simultaneous Contrast,

G. J. Burch, 615
Spencer (Herbert), Genesis of the Vertebrate Column, 620
Speyers (C. L.), Boiling Point Curves, 92
Spider-silk Manufacture in Madagascar, M. Nogue, 17
Spitta (Dr. Edmund J.), Photo-micrography, 4
Sport and Travel, Notes on, George Henry Kingsley, 5
Sporting Tour, Count Scheibler's, 244
Stability of a Swarm of Meteorites and of a Planet and Satellite,

the. Prof. A. Gray, F.R.S., 582
Staffordshire, North, on Rapid Changes in the Thickness and

Character of the Coal Measures of, W. (iibson, 587
Standards for Faint Stellar Magnitudes, 398



Index r Nature,
~

L December 13, 1900

Stanley (Hiram M.), an Outline Sketch, Psychology for Begin-

ners, 245
Stansfeld (Dr. A.), Present Position of Solution Theory of

Carburised Iron, 536
Stapf (Dr. Otto), Pflanzen- und Tierverbreitung, Prof.

Alfred KirchhoflF, 569
Stapleton (H.), Condensation of Ethyl Acetylenedicarboxylate

with Bases and B-Ketonic Ester, 215
Starch, from Glycollic Aldehyde by Green Plants, on the

Formation of, Henry Jackson, 611

Stark (J.), Change of Conductivity of Gases by Continuous
Currents, 211

Starke (H.), Reflection and Mechanical Effect of Kathode Rays,

639
Stars : New Variable in Taurus, Madame Ceraski, 19 ; New

Variable in Auriga, Dr. T. D. Anderson, 161 ; New Variable

Star observed in Cepheus, Madame Ceraski, 183 ; New
Variable in Herculis, Madame Ceraski, 305 ; Variable Stars

in Clusters, 352 ; Rousdon Observatory (Devon), Variable

Stars, T Cassiopeise and R Cassiopeioe, Sir C. E. Peek, 398 ;

New Star in Aquila, 305 ; Catalogue of Double Stars, Prof.

S. W. Burnham, 324 ; New Double Stars, R. G. Aitken,

630 ; Standards for Faint Stellar Magnitudes, 398
Stassano (H.), Function of Cell-nucleus in Absorption, 240
Stather (J. W.), on the Glaciation of the East Riding, 588
Statistics : Accidents in Coal Mines, Prof Le N. Foster, 1 36
Stallard (G.), Temperature of Recently-killed Chamois, 293
Stead (J. E. ), Iron and Phosphorus, 536
Steadying of Ships, the. Prof. G. H. Bryan, F.R.S., 186
Steel : the Use of Steel in Shipbuilding, B. Martell, 90 ; Solu-

tion Theory applied to Molten Iron and Steel, John Parry,

128 ; the Cause of Fracture of Steel Rails, 437
Steele (B. D.), Diacetylacetone Derivatives, 260
Steen (A. V.), the Climate of Norway, 457
Steinmann (Emile), Electromotive Force of Nickel-Steel, 264
Stem to Root-structure, on a Fourth Type of Transition of,

Miss Ethel Sargant, 611

Stephanos (Prof. Cyparissos), Sur les Relations entre la Geo-
metric Projective et la Mecanique, 561

Stevens (J. S. ), Measurement of Surface Tension, 568
Stimulus to Sensation, the Relation of, Prof. C. Lloyd Morgan,

F.R.S., 278
Stirling (James), the Rate of Increase of Underground Heat,

555
Stock (Alfred), Two New Silicon Borides, 312
Stokes (H. N.), Structure and Constitution of Two New

Meteorites, 459
Stokes (Sir William), Death and Obituary Notice of, 394
Stone Age in Borneo, on Relics of the. Dr. A. C. Haddon,

637 ; Dr. C. Hose, 637
Stone Implements from Pitcairn Island, J. Allen Brown, 119
Stone Implements of the Natives of Tasmania, on the, J. Paxton

Moir, 636 ; Prof. E. B. Tylor, 636 ; H. Ling Roth, 637
Stones (Witmer), the Eider Duck's Summer Moulting Plumage,

201

Stoney (Dr. G. Johnstone, F.R.S.), Escape of Gases from
Atmospheres, 78, 359

Storage Battery of Twenty Thousand Cells, Some Results
obtained with a, Prof. John Trowbridge, 325

Strahan (A.), on the Physical Conditions during the Growth of

the Coal Measures, 587
Strasburger (E.), Histologische Beitrage, Heft IV., 28
Streintz (F.), Electric Conductivity of Pressed Powders, 639
Stresses, Strength of Ductile Materials under Combined, J, J.

Guest, 118
Stromeyer (C. E.), Mineral Formation in Granite, 84; the

Reform of Mathematical Teaching, 523
Stroud (Prof. W.), Range-finders, 607
Structure and Constitution of Two New Meteorites, G. P.

Merrill, H. N. Stokes, 459
Stuart-Menteath (Charles G.), Homochronous Heredity and

Changes of Pronunciation, 524
Subterranean Drainage of the Limestone, on the, Rev. W.
Lower Carter, A. R. Dwerryhouse, 587

"Sudd" Cutting on Upper Nile, Effect on Lower River of, 180
Sugar-canes: the Destruction of the "Moth-bore" Cater-

pillar, 182

Sun : the Nature of the Solar Corona, Prof. Geo. Eras. Fitz-

gerald, F.R.S., 7; Photometry of Corona, April 16, 1893,
Prof. H. H. Turner, 86 ; Automatic Photography of the

Corona, Prof. C. Burckhalter, 535 ; Relation between Solar
Activity and Earth's Motion, W. G. Thackeray, 20 ; Deter-

mination of Solar Parallax from Opposition of Eros, Prof. S.

Newcomb, 20; the Total EcUpse of the Sun, 54, 132, 398;
Charles P. Butler, 54 ; Sir Norman Lockyer, K.C.B., F.R.S.,

104 ; M. Deslandres, 233 ; French Observations of the Total
Eclipse of the Sun, 183 ; the Total Eclipse observed at Sea,

Colonel E. E. Mark wick, 183 ; the Total Solar Eclipse as

observed by the Smithsonian Expedition, 246 ; Maximum
Duration of a Total Solar Eclipse, C. T. Whitmell, 64, 86

;

Duration of Totality of Solar Eclipses at Greenwich, Chas.
T. Whitmell, 269 ; the Dark Fringes observed during Total

Solar Eclipses, V. Ventosa, 86 ; the Next Total Eclipse of

the Sun, 202 ; the Total Eclipse of the Sun of May 17-18,

1901, J. J. A. Muller, 389 ; Eclipse Photography, Prof.

Francis E. Nipher, 246 ; Latitude Variation, Earth Magne-
tism and Solar Activity, Dr. J. Halm, 460 ; Sunspots and
Frost, Alex. B. MacDowall, 599 ; see also British

Association

Sunderland (A. E. ), Electrical Dyeing Machinery, 457
Sunstroke, the Causes of, E. H. Freeland, 396
Surface-tension Experiment, a, T. J. Baker, 196 ; Prof. Henry

Bourget, 269
Surface-tension of Mixtures, on the Creeping of Liquids and on

the, Dr. Trouton, 562
Surgery : Dr. Remy's Localising Apparatus for Rontgen Rays,

180 ; the Centenary of the Royal College of Surgeons of

England, 294, 331 ; Victor Plarr, 294 ; Descriptive and
Illustrated Catalogue of the Physiological Series of Compara-
tive Anatomy contained in the Museum of the Royal College

of Surgeons of England, 385 ; Death and Obituary Notice of

Sir William Stokes, 394
Surrey, the Birds of, J. A. Bucknill, 339
Surveying : Surveying and Exploring in Siam, James McCarthy,

571 ; Surveying with the Tacheometer, N. Kennedy, 571 ; on
Foreign and Colonial Surveys, E. G. Ravenstein, Colonel

Johnson, 590
Sutherlandshire, on the Plutonic Complex of Cnoc-na-Sroine,

J. J. H. Teall, 588
Sutton (J. R.), the Winds of Kimberley, 35
Suzuki (Dr. U.), Strontium and Barium unfit to replace Calcium

in Plants, 136
Sweet (Henry), the History of Language, 195
Swamy (A. K. C), Ceylon Rocks and Graphite, 239
Swift and Son's Electric Lamp for Microscopy, 351
Swifts, the Migration of, Oswald H. Latter, 413 ; William
Andrews, 436

Swifts' Comet (1892 I.), Prof. W. Pickering, 501
Swifts' Comet (1894 IV.), 352, 459
Syllis Vivipara, E. S. Goodrich, 215
Sylviculture, on British, Samuel Margerison, 611

SymboHsm, Mexican, Carl Lumholtz, Alfred C. Haddon, 600
Symons (G. J., F.R.S.), the Wiltshire Whirlwind of October i,

1899. 95
Symons's British Rainfall, H. Sowerby Wallis, 435
Symons's Monthly Meteorological Magazine, 93, 335

Tacheometer, Surveying with the, N. Kennedy, 571
Tait (Peter Guthrie, Sec. R.S.), Scientific Papers, 99
Talbot (B.), the Open Hearth Continuous Steel Process,'67

Tallent (Alexander A. K.), a Handbook of Photography in

Colours, 434
Tansley (A. G.), on the Conducting Tissues of Bryophytes, 612

Tasmania : a Key to the Birds of Australia and Tasmania, with

their Geographical Distribution in Australia, R. Hall, 6 ; a

Large Tasmanian Crab, Alex. Morton, 496 ; on the Stone

Implements of the Natives of Tasmania, J. Paxton Moir, 636 ;

Prof. E. B. Tylor, 636 ; H. Ling Roth, 637
Tattooing : on Permanent Artificial Skin Marks, H. Ling Roth,

634
Taurus, new Variable in, Madame Ceraski, 20
Tayler (J. B.), Heat of Alloy Formation, 70
Taylor (F. G.), an Introduction to the Differential and Integral

Calculus and Differential Equation, 221

Teaching of Mathematics, the. Prof. John Perry, F.R.S., 317 ;

Oliver Heaviside, F.R.S., 548
Teaching, the Reform of Mathematical, Henry Woollen, 436

;

W. F. Beard, 466
Teall (J. J. H.), on the Plutonic Complex of Cnoc-na-Sroine,

Sutherlandshire, 588

1

I



December 13, 1900

.

Index XX XVI

1

Technical Education : Extensions of the Dyeing Department of

Yorkshire College, 115; the Consultative Committee and
Technical Education, Prof. J. Wertheimer, 294

Teeth : the Cause and Prevention of Decay in Teeth, T. Sim
Wallace, 149

Telegraphone, Poulsen's, Louis Olivier, 273
Telegraphy, Wireless : Maximum Sensitiveness in Coherers, A

Blondel and G. Dobkevitch, 23 ; Wireless Telegraphy from

Free Balloon, J. Vallot and J. and L. Lecarme, 95 ; Wireless

Telegraphy in French Navy, 396 ; Wireless Telegraphy and
Hertzian Waves, S. R. Bottone, 522 ; Human Body as

Screen in Wireless Telegraphy, E. Guarini and F. Poncelet,

568
Telephonographs, the, Herr Paulsen, 61

Telephony: Recording Telephones, 371; Wire Fence Com-
munication in Indiana, 374 ; Telephony by Kites, 578

Telescopes: Colour Screens for Refracting Telescopes, T. J. J.

See and G. H. Peters, 37 ; on the new Form of Refracting

Telescope recently erected at Cambridge, A. R. Hinks, 565 ;

a Night with the Great Paris Telescope, C. P. Butler, 574
.Temperature Control of Spectrograph, Prof. W. W. Campbell,

Temperature, on the Relation of Radiation to, Dr. Larmor,
562 ; Prof. Fitzgerald, 562

Temperatures of Recently Killed Chamois, G. Stallard, 293
Tenacity of Life of the Albatross, Prof. John Perry, F.R.S.,

621 ; Captain W. J- Reed, 621
Tennant (Pamela), Village Notes, and Some Other Papers, 340
Tesla (Nikola), Recent Electrical Experiments, 116
Textile Industries, on the Recent Improvements in the, Dr. A.

Liibmann, 567
Textile Patterns of the Sea Dayaks, on the, Dr. A. C. Haddon,

634
Thackeray (W. G.), Relation between Solar Activity and

Earth's Motion, 20
Theoretical and Physical Chemistry, Part ii., Chemical Statics,

J. H. van 't Hoff. 245
Therapeutic Electricity and Practical Muscle Testing, W. S.

Hedley, 30
Thermal Radiation, a Simple Experiment in. Dr. K. T.

Fischer, 103
Thermometry: Gas Thermometry, Dr. P. Chappuis, 214; a
Comparison of Impure Platinum Thermometers, H. M. Tory,
214; the Thermal Properties of Fused Silicas, P. Villard

and M. Dufour, 255 ; the Air Thermometer at High Tem-
peratures, L. Holborn and A. Day, 381 ; E. H. Griffiths'

Form of Wheatstone Bridge for determining the Freezing
Points of Dilute Solutions by Platinum Thermometry, 563 ;

the Gas Thermometer at High Temperatures, L. Holborn
and A. L. Day, 568

Thirlmere Reservoir, on the Formation of New Beaches on the
Shores of, R. D. Oldham, 588

Thomas (Miss Ethel N.), on Double Fertilisation in a Dicoty-
ledon Caltha paluslris, 612

Thomas (H. H.), Undescribed Trilobites in Oxford University
Museum, 262

Thomas
(J. W. ), on the Physical Effects of Wind in Towns and

their Influence on Ventilation, 563
Thomas (Oldfield), the White Rhinoceros on the Upper Nile,

599
Thomas (V.), the Estimation of Thallium, 96
Thompson (Prof. J. Arthur, F.R.S.), Facts of Inheritance,

331
Thompson (R. C), the Reports of the Magicians and Astro-

logers of Nineveh and Babylon, 51
Thompson (Prof. S. P.), an Electro-magnetic Experiment, 71 ;

"Coma," 118; Relative Advantages of Alternate and Con-
tinuous Current for General Electrical Supply, with regard to

Interference with other Interests, 417
Thomson (Prof. J. J., F.R.S.), some Speculations as to the

Part Played by Corpuscles in Physical Phenomena, 31
Thomson (James), Death and Obituary Notice of. 83
Thorn (Arthur S), Functions of an Organ of a Larva of the

Puss Moth, 389
Thorp's (Thos.), Modification of Prof. Wood's Diffraction

Process of Colour Photography, 580
Thorpe (J. F. ), Ethyl Sodio- and Methylsodio-cyanacetates,

143 ; the oa-/8;8-tetramethylglutaric acids, 143 ; 3-isopropyl-

glutaric Acid and Cis- and 7Va«j-methylisopropylglutaric,
Acids, 143 ; New Series of Pentamethylene Derivatives (i)

261 ; Action of Sodium and Methyl Iodide on Ethyl Dimethyl-
butanetricarboxylate, 261

Thorpe (Dr. T. E., F.R.S.), Pottery and Plumbism, 42 ;

Report of Government Laboratory, 499 ; Writing Ink, 554
Thoulet (J.), Fixation of Clay in Suspension in Water hy Porous

Bodies, 191

Threlfall (R.), on Mr. E. H. Griffiths* Form of Wheatstone
Bridge for Determining the Freezing Points of Dilute Solu-
tions by Platinum Thermometry, 563

Tibet, the High Level Flora of, W. B. Hemsley, 46
Tidal Waters, the Reclamation of Land from, Alexander

Beazeley, 266
Tiddeman (R. H.), on the Formation of Reef-knolls, 587 ; on

the Raised Beach of Gower in South Wales, 588
Tides, a Partial Explanation of some of the Principal Ocean,

R. A. Harris, 258
ridswell (Dr. Frank), Rats and Plague, 273
Tiger Beetle, the, Fred. Enock, 208
Timiriazeff (Prof. Clement), Chlorophyll a Sensitiser, 102
Tobacco, 576
Todd (Prof.), on the Application of the Electric Telegraph to

the Furtherance of Eclipse Research, 565 ; on Operating
Eclipse Instruments Automatically, 565 ; on the Use of a
Wedge of Yellow Optical Glass in giving Correctly Gra-
duated Photographic Exposures of the Partial Phases of an
Eclipse and the Corona, 565

Toepler (Prof. Max), Globe Lightning, 350
Tommasi-Crudeli ( Prof. Corrado), Death and Obituary Notice

of, 228
Torpedo-fish, Beitragezur Physiologie des Elektrischen Organes

der Zitterrochen (Torpedo), Siegfried Garten, 290
Torres Straits, Genealogical Researches in. Dr. W. H. R.

Rivers, 71
Tory (H. M.), a Comparison of Impure Platinum Thermo-

meters, 214
Totemism, on the Animal Cults of the Natives of Sarawak and

their bearing on the Problems of, Dr. C. Hose, W.
McDougall, 634 ; Mr. Hartland, 635

Tour through Great Britain in 1727, a, S. L. Petty, 496
Touren (Charles), Solubility of Mixture of Salts having Common

Ion, 72
Townsend (J. S.), the Conductivity produced in Gases by the
Motion of Negaiively-charged Ions, 340

Toxicology : Plotosus canius and the " Snake-stone," D.
Hervey, 79 ; the Poison of Lotus Arabicus, W. R. Dunstan,
F.R.S., and T. R. Henry, 238

Trade, some Scientific Aspects of, 117
Transactions of American Mathematical Society, 260, 519
Transbaikalian Railway, the, 253
Transit of Venus, Jeremiah Horrocks and the, 257
Traquair (Ramsay H., F.R.S.), Opening Address in Section D

of the British Association, 502
Travel, Notes on Sport and, George Henry Kingsley, 5
Treille (Dr. Georges), Principes D'llygiene Coloniale, 620
Trembling of the Aspen Leaf, the, Henry J. Colbourn, 436
Triangulation, Acoustical, A. J. Mundy, 422
Tripei (M.), Action of High Frequency Currents on Elementary

Respiration, 240
Trolley Wires, Overhead, What Pressure is Dangerous on Elec-

tric Railways with, William Rung, 399
Trouton (Fred. T., F.R.S.), the Solidification of Alloys, 523
Trouton (Dr.), on the Creeping of Liquids and on the Surface

Tension of Mixtures, 562
Trow (Prof.), on the Biology and Cytology of Pythium, 613
Trowbridge (Prof. John), Production by Battery Currents of X-

rays, 211 ; some Results obtained with a Storage Battery of

Twenty Thousand Cells, 325 ; Spectra of Hydrogen and
Aqueous Vapour, 568

Tschirch (A.), Die Harze und die Harzebehalter, 316
Tucker (R.), the London Mathematical Society, 294
Tunis : Vinification dans les Pays Chauds—Algerie et Tunisie,

J. Dugast, 74
Tunnels, the Great Alpine, Francis Fox, 281
Tunnicliffe (Prof. F. W.), the Opening of the Medical Schools,

572
Turbellarien, Monographic der, ii., Tricladida Terricola (Land-

planarien). Prof. Ludwig von Graff, F. W. Gamble, 241
Turbine System, Parson's Steam, H.M.S. Viper, 322
Turner (Prof. H. H.), Photometry of Corona, April 16, 1893,

86 ; Oxford University Observatory, no; on a Cheap Form



XXXVlll Index r Nature,

L December 13, 1900

\ of Micrometer for determining Star Positions on Photographic

Plates, 565 ; on Preparations for Determining the Solar

Parallax by Observations of Eros, 565

Turner (Sir Wni., F.R.S.), Craniology of Indian Hill Tribes,

263 ; Inaugural Address at the Bradford Meeting of the

British Association, 440
Tylor (Prof. E. B.), on the Stone Implements of the Natives of

Tasmania, 636
Type Specimens, on the Registration of, Rev. J. F. Blake, 587
Tyrer (C. T.), American, Russian and French Turpentines and

Terebenes, 322
Tyrol, South, Rock-structures in the Isle of Man and in, Dr.

Maria M. Ogilvie Gordon, 7

Udall (W.), ;8-Isopropylglutaric Acid and Cis- and Trans-
Methylisopropylglutaric Acid, 143

Uhlenhuth (Dr. R.), Preparation of Free Hydroxylamine, 376
Ujfalvy (C. de), the White Huns, 323 ; Craniology of Irano-

Indians, 351
UUswater, on the Mode of Formation of the Basal Carboniferous

Conglomerate of, R. D. Oldham, 588
Ulrich (Prof. G. H. F.), Death and Obituary Notice of, 272
Ulva laiissuna, on the Relation of to the Pollution of Sea-

water by Sewage, Prof. Letts, J. Hawthorn, 611

Ulva latissinia, on the Effect of Salts on the COj Assimilation

of, E. A. Newell Arber, 611

Umberto, King, a Recollection of, Prof, W. E. Ayrton, F.R.S.,

320
Umow (N.), Objective Presentation of Properties of Polarised

Light, 211
Underground Heat, the Rate of Increase of, James Stirling, 555
United States : Chemistry in the United States, Prof. Chandler,

301 ; the Ore Deposits of the United States and Canada, J. F.

Kemp, 365 ; Biological Lectures from the Marine Laboratory

at Woods' HoU for 1899, 411 ; Brief Guide to the Commoner
Butterflies of the Northern United States and Canada, Samuel
Hubbard Scudder, 411; Pisciculture in the United States,

Dr. Whitten, 423 ; Disastrous Hurricane in the United
States, 489 ; Year-book of the United States Department of

Agriculture, Prof. R. Warington, F.R.S., 597
Units at the International Electrical Congress, 414
Universe, from Matter to Man, a New Theory of the, A. Red-

cote Dewar, Prof. R. Meldola, F.R.S., 493
Universities: University Intelligence, 22, 45, 69,91, 118, 141,

165, 188, 209, 238, 259, 284, 311, 334, 380, 431, 463,

492, 519, 543, 591, 614, 638; University of Birmingham,
141 ; a Modern University, 184, 203 ; the New Physical

J^aboratory at Owens College, 250 ; the New Senate of the

University of London, Rev. Dr. A. Irving, 549
Unveiling of the Huxley Memorial Statue, the, 10

Ursprung der Kultur, der, L. Frobenius, loi

Urinary Sediments, Atlas of, Dr. Hermann Riedel, 53

Vaes (F. J.), Valve Motions of Engines, 31
Vallot (J. and H. ), the Proposed Mont Blanc Railway, 62
Vallot (J.), Wireless Telegraphy from Free Balloon, 95
Valve Motions of Engines, F. J. Vaes, 31 ; Prof. John Perry,

F.R.S., 31
Variable Stars: New Variable in Taurus, Madame Ceraski,

19; New Variable Star observed in Cepheus, Madame
Ceraski, 183 ; New Variable in Herculis, Madame Ceraski,

305 ; New Variable in Auriga, Dr. T. D. Anderson, 161
;

Variable Stars in Clusters, 3152 ; Rousdon Observatory (Devon;
Variable Stars, T Cassiopeiae and R Cassopeiie, Sir C. E.)
Peek, 398

Variation in Plants of the Herb Paris, Miss L. Eleanor Jex-
Blake, 174

Vaubel (Dr.), the Phenyl Derivative of Diimide, 255
Velocities of Meteors, Dr. W. L. Elkin, 398
Ventilation, on the Physical Effects of Wind in Towns and

their Influence on, J. W. Thomas, 563
Ventosa (V.), the Dark Fringes observed during Total Solar

Eclipses, 86
Venturi (M.), Manganous Fluoride, 47
Venus : Rotation Period of Venus, Prof. A. Belopolsky, 160

;

Jeremiah Horrocks and the Transit of Venus, 257
Verrill(A. E.), Geology of Bermudas, 92
Vertebrates : Vertebrate Fauna of the Shetland Isles, A. H,

Evans and T. E. Buckley, 75 ; New Subdivision in the

Vertebrates, Dr. Fiirbinger, 397 ; the Origin of Vertebrates,

Deduced from Study of Ammocoetes, Dr. Gaskell, 423

;

Harrimania maculosa, a New Enteropneustum, W. E. Ritter,

579; Genesis of the Vertebrate Column, Herbert Spencer,
620

Vesuvius's Increased Activity due to Exceptional Rainfall, Dr.

G. de Lorenzo, 605
Vibrissse on the Fore-paws of Mammals, Frank E. Beddard,

F.R.S., 523
Vienna, Jubilee of the Imperial Geological Institute of, 258
Vignon (Leo), the Nitrocelluloses, 520 ; Reduction of Nitro-

cellulose, 544 ; Oxycelluloses from Cotton, Flax and Hemp,
592 ; Acetyl Derivatives of Cellulose and Oxycellulose, 616

Village Nptes, and some other Papers, Pamela Tennant, 340
Villard (P.), an Electrical Experiment of M. Jaumann, 47 ; the

Radium Radiation, 47 ; the Kathode Rays, 191 ; Discon-

tinuity of Kathodic Emission, 240 ; Permeability of Fused
Silica to Hydrogen, 240 ; the Thermal Properties of Fused
Silica, 255

Villiaume (M.), the Carboniferous Strata of Nossi-Be, 168

Villiger (Herr), the New Hydride of .Benzoylsuperoxide, 202 ;

the Action of Permanganate on Hydrogen Peroxide, 629
Vines (Prof. S. IL, F.R.S,), Opening Address in Section K of

the British Association, 536
Vinification dans les Pays Chauds—Algerie et Tunisie, J.

Dugast, 74
Violle (J.), Actinometric Observations during Solar Eclipse of

May 28, 1900, 216
Viper, H.M.S., 322
Viscosities of Mixtures of Liquids, Dr. C. H. Lees, 166

Viscosity of Gases as aff"ected by Temperature, Lord Rayleigh,

F.R.S., 287
Viscosity of Essential Oils, the, E. Dowzard, 322
Viticulture : Vinification dans les Pays Chauds—Algerie et

Tunisie, J. Dugast, 74
Vogel (Prof. H. C), the New Spectrographs for the Potsdam

Great Refractor, 459
Volcanoes: New Zealand Volcanoes, Dr. B. Friedliinder, 180;

Increased Activity of Vesuvius due to Exceptional Rainfall,

Dr. G. de Lorenzo, 605
Volta e la Pila, Prof Augusto Righi, 293
Vorlesungen iiber hydrodynamische P'ernkrafte nach C. A.

Bjerknes' Theorie, V. Bjerknes', Prof. G. H. Bryan,

F.R.S., 3
Vries (Hugo de), Mutability of CEnothera Lamarckiana, 592
Vuillemin (Prof.), on the Azygospores of Entomophthora

gloeospora, 613

Wagner (Harold), the Eyespot in Euglena, 605 ; on the Be-

haviour during Karyokinesis of the Nucleolus in the Root-

apex of Phaseolus, 612 ; on a Demonstration of the Structure

and Attachment of the Flagellum in Euglena viridis, 612

Waite (E. R.), Leptocephalus Young of Conger Eel, 324
Wales, North, on the Ancient Peneplains in, E. Greenley, 587
Wales, South, on the Raised Beach of Cower in, R. IL
Tiddeman, 588

Walfisch Bay, Mud Island in, 336 ; Mr. Cleverley, 464
Walk through the Zoological Gardens, a, F. G. Aflalo, 466

Walker (C), New Series of Pentamethylene Derivatives (I.),

261

Walker (James), Introduction to Physical Chemistry, 76

Wallace (J. Sim), the Cause and Prevention of Decay in

Teeth, 149
Wallace (R. W.), the Law and Practice relating to. Letters

Patent for Inventions, 618
Waller (Dr. A. D., F.R.S.), Electrical Efl'ect of Light on Green

Leaves, 358 ; Electrical Determination of Last Sign of Life,

492
Wallis (H. Sowerby), Symons' British Rainfall, 435
Wallon (E.), Le9ons d'Optique Geometrique a I'Usage des

Eleves de Mathematique Speciale, 30
Walmisley (A. T.), on the Use of Expanded Metal in Concrete,

610
Warburg (E. ), Point Discharges, 335
Ward (Prof. H. Marshall, F.R.S. ), Allgemeine Biologic, Prof.

Dr. Max Kassowitz, 217 ; Embryonic Tissues, 611

Ward (James), Naturalism and Agnosticism, 25

Ward (L. F.), the Arizona Chalcedony Park, 62



Nature, *|

December 13, 1900 J
Inde:)^ xxxix

Warington (Prof. R., F.R.S.), Obituary Notice of Sir John
Bennet Lawes, Bart., F.R.S., 467 ; Year-book of the United

States Department of Agriculture, 597
Washington (II. S.), the Statement of Rock Analy.ses, 286

Water, Air, Water and Food, Ellen H. Richards, Alpheus G.
Woodman, 620

Water upon Glass, the Action of, Edmund F. Mondy, 246
Water-fowl, Fancy, F. Finn, 547
Water Supply, on the Distribution of Chlorine in West York-

shire, and on the Limiting Standard of Acidity for Moorland
Waters, W. Ackroyd, 566

Waterhouse (General), Action of Light on Silver as demon-
strated by Vapour condensation, 254

Waterson (Dr. David), on the Developmental Changes in the

Human Skeleton from the Point of View of Anthropology,

633
Watson (J.), on the Nidd Valley Waterworks of Bradford, 609
Wealden Series, English, on the Evidence as to the Age of the

G. W. Lamplugh, 588
Weapons and Wounds, H. Nimier and Ed. Laval, 313
Weather, Drunkenness and the, Dr. Edwin G. Dexter, 31
Weather Report of the Meteorological Office, the Daily, W. N.
Shaw, F.R.S., 300

Weather Service, Maryland, 292
Weaving, Mechanism of, T. W. Fox, 29
Webb (Wilfred Mark), Plant Hybrids, 174
Webber (Herbert J.), Further Investigations of Xenia in Maize,

601
Weguelin (H. W.), Carnations and Picotees for Garden and

Exhibition, 598
Weiss (Prof. F. E.), on a Gymnosporangium from China, 613
Wellcome Research Laboratories, the, R. J. Friswell, 271
Wertheimer (A.), American, Russian and French Turpentines

and Terebenes, 322
Wertheimer (Prof. J.), the Consultative Committee and

Technical Education, 294
West (J. H.), Persulphuric Acid, 215
Westermarck (Dr. E.), the Ginn in Morocco, 499
Wethey's (E. R.) Method of Teaching Geography, 591
Whale, Southern Bight (South Africa), Barnacle Growth ) 1,

Dr. R. Marloth, 19

Whales, Body Temperature of, Dr. G. Guldberg, 159
Wheat, Rust of, Recent Investigations on, William G. Smith,

352
Wheeler (W. H.), Sea Coast Destruction and Littoral Drift,

400
Whetham (Mr.), Ions, 564
Whipple (R. S.), Improved Standard Resistance Coils, 563
Whips of the Larva of the Puss Moth, Function of the, W. F.

Kirby, 413
Whiteley (M. A.), Oxime of Mesoxamide, 260
Whitmell^C. T.), Maximum Duration of a Total Solar Eclipse,

64, 86 ; Duration of Totality of Solar Eclipses at Greenwich,

269 ; on the Duration of Totality of the Solar Eclipse of

May 28, 1900, 566
Whittaker (E. T.), Report on the Proceedings in Section A

(Mathematics) at the Meeting of the British Association, 561
Whitten (Dr.), Pisciculture in United States, 423
Whymper (Edward), the Highest Andes, 38
Wiglesworth (L. W.), Racket Feathers, 54
Wilczynski (E. J.), Continuous Binary A Linearoid Groups, 381
Williams (J. Lloyd), on the Germination of the Zoospore in

Laminariceoe, 613 ; Dictyota, 613
Williamson (J. B.), the Law and Practice relating to Letter

Patent for Inventions, 618
Willis (Dr. J.), on the Construction of Magic Squares, 561
Willows (R. S.), Experiments on Striated Discharges, 240
Wills (A. P.), Magnetic Screening for Galvanometers, 211

Willson (D. H.), the Climate of San Francisco, 18

Wilson (Albert), the Great Smoke Cloud of the North
England and its Influence on Plants, 6ll

Wilson (C. T, R.), Atmospheric Electricity, 149
Wilson (E.), on the Glacial Phenomena of the West Riding, 588
Wilson (Dr. Gregg), Eggs and Embryos of Ornithorhynchus, 589
Wilson (W. E.y, Astronomical Work at Daramona Observ-

atory, 630
Wind, Anemometer Tests, Prof. C. F. Marvin, 280
Wind-force, 93
Winkelniann (A.), Influence of Spark-gap on Generation of

Rontgen Rays, 568

Wire Fence Telephony in Indiana, 374
Wireless Telegraphy : Maximum Sensitiveness in Coherers,

A. Blondell and G. Dobkevitch, 23 ; Wireless Telegraphy
from Free B.illoon, J. Vallot and J. and L. Lecarme, 95 ;

Wireless Telegraphy in French Navy, 396 ; Wireless Tele-
graphy and Hertzian Waves, S. R. Bottone, 522 ; Human
Body as Screen in Wireless Telegraphy, E. Guarini and
F. Poncelet, 568

Wisconsin, the Geography of the Regions about Devil's Lake
and the Dalles of the. Prof. R. D. Salisbury, W. W. Atwood,
172

Wislicenus (W. F.), Astronomischer Jahresbericht, 553
Wolff (Jules), a New Indicator in Acidimetry, 23
Wood (Butler), on the Prehistoric Antiquities of Rumbald's
Moor (near Bradford), 637 ; on the Preservation of Local
Antiquities, 637

Wood (Prof. R. W.), Application of Striae Method to Illumin-
ation of Objects, 166 ; the Photography of Sound Waves,
342 ; Thos. Thorp's Modification of Wood's Diffraction
Process of Colour Photography, 580

Woods' Holl, U.S.A., Biological Lectures from the Marine
Laboratory at, for 1899, 411

Woodall (H. J.), on the Determination of Successive High
Primes, 561

Woodhead (T. W. ), on the Structure of the Root-nodules of
AInns glutinosa, 613

Woodman (Alpheus G.), Air, Water and Food, 620
Woollen (Henry), the Reform of Mathematical Teaching, 436
Working Silica in the Oxy-gas Blowpipe Flame, W. A. Shen-

stone, F.R.S., and H. G. Lacell, 20
Worms: the" Tall Army Worm," F. H. Chittenden, 109;

Syllis Vivipara,Y,. S. Goodrich, 215 ; Didymorchis, Prof.

W. A. Haswell, F.R.S., 640
Worsdell (W. C), on the Origin of Modern Cycads, 612
Worthington(Prof. A. M., F.R.S.), an Optical Phenomenon,

293
Wounds, Weapons and, H. Nimier and Ed. Laval, 313
Writing in Ancient Egypt, on the System of, F. LI. Griffiths,

634
Writing Ink, Dr. T. E. Thorpe, 554
Wyatt (C. W.), British Birds, 100

Xenia in Maize, Further Investigations of, Herbert J. Webber,
601

Xingu, Second Expedition to Head Waters of, Dr. Hermann
Meyer, 36

Yatabe (Prof. Kyokichi), Death of, 15
Yates (J.), Brazilin (iv.), 71 ; Hsematoxylin (v.), 71
Yorkshire : Extension of the Dyeing Department of Yorkshire

College, 115 ; on the Distribution of Chlorine in West York-
shire, and on the Limiting Standard of Acidity for Moorland
Waters, W. Ackroyd, 566 ; on the Potholes and Caves of the
Mountain Limestone District of North-west Yorkshire, S. W.
Cuttriss, 587 ; on the Glacial Phenomena of the West Riding,
Dr. Monckman, E, Wilson, A. Jowett, H. B. MuflF, 588 ; on
the Glaciation of the East Riding, J. W. Stather, 588 ; on the
Anthropology of West Yorkshire, Dr. John Beddoe, 635 ; on
some Yorkshire Earthworks, Mrs. Armitage, 637

Young (Mr.), the Nest-building Brook Lamprey, 500
Young (Prof. S.), the Law of Cailletet and Mathias and the

Critical Density, 214
Young (W. J.), the oo-i8j3-tetramethylglutaric Acids, 143
Yule (G. U.), Correlation between Life-duration and Number

of Offspring, 381

Zeiller (R.), Elements de Paleobotanique, 315
Zenker (Wilhelm), Lehrbuch der Photochromie (Photographie

der Natlirlichen Farben), 316
Zeppelin's (Count von). Navigable Balloon, 180, 231, 396, 626
Zoology: Zoological Society, 94, 119, 261 ; Reports for 1899,

16 ; Barnacle-growth on Southern Bight Whale, Dr. R.
Marloth, 19: Additions to Zoological Gardens, 19, 37, 61,

64,85, no, 137, 160, 183, 202, 233, 256, 275, 304, 324,
351. 376, 397, 425. 459, 491, SOI, 534, 556, 581, 606, 629 ;

a Walk through the Zoological Gardens, F. G. Aflalo, 466 ;

the Sub-species of Giraffe, 35 ; the Wood Bison, J. A.



xl Index r Nature,
December 13, 1900

Allen, 35 ; a Third Specimen of the Extinct Dromaius ater,

Vieillot, found in the Royal Zoological Museum, Florence,

Prof. Henry H. Giglioli, 102 ; Specimens of Dromaius aler.

Prof. Alfred Newton, F.R.S., 151 ; Traite de Zoologie Con-

crete, t. ii. i''<^ partie, Mesozoaires-Spongiaires, Yves Delage

and Edgard Herouard, 122 ; Ueber den Bauund die Entwick-

lung der Linse, Dr. Carl Rabl, 125 ; Field-mice (North

American Voles), V. Bailey, 232 ; Monographic der Turbel-'

larien (ii.), Tricladida Terricola (Landplanarien), Prof. Lud-
wig von Graff, F. W. Gamble, 241 ; Sette Anni di Caccia

Grossa e. Note di Viaggio in America, Asia, Africa Europa,

Count Felice Scheibler, 244 ; Death and Obituary Notice of

Walter Percy Sladen, 256 ; the Reparative Power of the Pond-

mussel, H. H. Bloomer, 274 ; the Hearts of Lungless Sala-

manders, Dr. H. L. Bruner, 274 ; Oreamnus Kennedyi, a

New American Mountain Antelope, D. G. Elliott, 321 ; the

Cruise and Deep-sea Exploration of the Siboga in the Indian

Archipelago, 327 ; Change of Feeding Habits of Rhinoceros-

birds in British East Africa, Captain Hinde, Prof. E. Ray

Lankester, F.R.S., 366 ; Zoological Gardens of Ghizeh, 374 ;

Textbook of Zoology, Treated from a Biological Standpoint,
O. SchmeiJ, 386 ; Death of Dr. John Anderson, F.R.S., 394 ;

Obituary Notice of Dr. John Anderson, F.RS., 529 ; New
Subdivision of Vertebrates, Dr. Fiirbringer, 397 ; Correlation
between Tertiary Mammalian Horizons of Europe and
America, Prof. H. F. Osborn, 424 ; Introduction to Zoology,
C. B. Davenport, Gertrude C. Davenport, 433 ; Vibrissit

on the Forepaws of Mammals, Frank E. Beddard, F.R.S.,

523 ; the Fauna of South Africa, Mammals, W. L. Sclater,

521 ; a Treatise on Zoology, 545 ; Pflanzen und Tierver-

breitung, Prof.. Alfred Kirchhoff, Dr. Otto Stapf, 569 ; Arctic
Musk Ox to be Acclimatised in Sweden, 577 ; Harrimania
Maculosa, a New Enteropneustum, W. E. Ritter, 579 ; Ante-
lopes and their Recognition Marks, R. I. Pocock, 584 ; the

Foundations of Zoology, William Keith Brooks, 593 ; the

White Rhinoceros on the Upper Nile, Oldfield Thomas, 599

;

Genesis of the Vertel)rate Column, Herbert Spencer, 620
Zschorner (Herr), the Textile Uses of Peat, 108

RICHAKU CLAY AND SONS, LIMITED, LONDON AND BUNOAV.



»
A WEEKLY ILLLblKAlED JOURNAL OF SCIENCE.

'

' To the solid ground

Of Nature trusts the mind which builds for a^'e."—Wordsworth.
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MOUNT ST. ELIAS.
La spedizione di sua Aliezza Reale it Principe Luigi
Atnedeo di Saz>oia, Duca degli Abruzzi al Monte Sant'

Elia {Alaska) 1897. Da Dottore Filippo de Filippi
;

illustrata da Vittorio Sella. Pp. xvii + 273 ; with 34
plates, 4 panoramic views, 2 maps and 115 figures

in text. A beneficio delle Guide Alpine Italiane.

(Milano : U. Hoepli, 1900.)

MOUNT ST. ELIAS, with an altitude, as now ascer-

tained, of 18,092 feet, stands—a majestic corner-

post—exactly at the angle where the Alaskan boundary-

line ceases to run parallel to the coast and strikes north-

ward along the 141st meridian, and its summit is now
generally acknowledged to lie on the Canadian side of

the frontier. Whether it maintain its supposed pre-

eminence among the mountains of the North American

continent, or whether it eventually prove to be overtopped

by Mount Logan, its great neighbour on the north, or, as

the most recent explorations seem to indicate, by Mount
McKinley, one of the yet unvisited peaks to the west-

ward, it must, from its commanding position on the

verge of the open ocean, always impress the imagination

as the grandest of the Alaskan Chain. In recalling the

fact that the mountain was for long erroneously supposed

to be a volcano, Mr. Douglas Freshfield has told us, on

the authority of the poet himself, that Tennyson had

Mount St. Elias in mind when he described the land-

scape of a volcano among snow as one of the pictures on

the walls of " The Palace of Art " (see T/ic Alpine

Journal, vol. xix. p. 174).

So far as our present knowledge goes, nowhere else on

the face of the globe is there so great a vertical range of

snow and ice as among these Alaskan mountains. On
Mount St. Elias the permanent snow-line comes down
to within about 3000 feet of the sea, while the enormous

glaciers nourished by the excessive humidity of the

climate not only descend to sea-level, but unite and
spread out in a vast plain of ice covering an estimated

area of 1500 square miles between the foot of the

mountain and the ocean.
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Thus entrenched in ice sheets, so that even its base
is defended, it is not surprising that the mountain with-
stood several attacks before it was conquered. The first

attempt was made, in 1886, by Messrs. Libbey, Schwatka
and Seton-Karr

; the next, in 1888, by Messrs. Topham,
Broke and Williams ; the third and fourth, by Prof. \. C.

Russell, in 1890 and 1891 ; and the fifth, by Prof. H. G.
Bryant, in 1897, almost simultaneously with the successful
Italian expedition. Of these explorers, Prof. Russell
achieved in every way the most important results, bad
weather alone preventing his complete success in 1891,
after an altitude of 14,500 feet had been attained and the
practicability of the ascent had been demonstrated. Prof.

Russell correctly determined the height of the mountain,
and carried out investigations upon its physical charac-
teristics which proved of high scientific importance. Lieut.

Seton-Karr had previously called attention to the sin-

gular condition of the glaciers at the foot of the moun-
tain, where immense piles of morainic debris, in places
overgrown with dense vegetation, hide the marginal surface
of the ice

; but it was not until Prof Russell published his

more adequate descriptions that geologists fully recog-
nised the value of the phenomena of the "piedmont " ice

in elucidating the conditions of ice-covered lowlands in

general during the Glacial Period, and especially during
its closing stages. So closely has Prof. Russell's name
become associated with the mountain, that one cannot
stifle a regret that the satisfaction of being first upon the

summit did not fall to his lot. In the volume before us,

however, we are glad to find a graceful acknowledgment
of the work of previous explorers, in a chapter having for

its motto this quotation, from Mr. D. Freshfield :

—

"Those who vyent first and opened the way are not less
entitled to credit than those who came afterwards and
reaped the fruit of their predecessors' labours."

The leader of the Italian expedition, H.R.H. Prince
Louis of Savoy, in planning an ascent higher than the

Alps could offer, had at first contemplated an attack upon
one of the great peaks of the Himalayas. Forced by un-

favourable circumstances to abandon this idea, he turned

for consolation to Mount St. Elias. He could not have
selected a more princely amusement, or a better exercise

in skilful organisation and patient endurance. That he

B
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achieved his object without mishap, and that he and his

little band of fellow-countrymen had the patriotic satis-

faction of planting the Italian flag on a summit assuredly

never before trodden by the foot of man, was due to the

careful forethought with which all the preliminary

arrangements of the expedition were planned.

A graphic account of the ascent was communicated by

one of the party, Dr. Filippo de Filippi, to the English

Alpine Club a few months afterwards, and was published

in the Alpine Journal for May 1898. As chronicler of

the expedition, Dr. Filippi has now expanded his story in

the handsome and portly volume before us, in which he

deals at full length with the conditions of the climb, and

describes in glowing language the wild grandeur of the

scenery. The beautiful photogravure plates and the

illustrations in the letterpress, with which the book is so

bountifully provided, are reproduced from photographs

taken, for the most part, by Vittorio Sella, who was also

of the party, and these are especially valuable as a faithful

and permanent record of the physical characters of this

seldom-visited region, and particularly of the untraversed

wilderness of snow and mountain peaks to the northward

of St. Elias. Among many that are excellent, there is

one plate (p. 136), showing the snowy eastern spurs of

St. Elias delicately fluted by innumerable avalanches,

which seems to us peculiarly impressive.

Of the ten chapters of the book, only five deal with

the actual ascent ; the first three, and also the final

chapter, are devoted to the outward and homeward
journeys ; the fourth to the previous history of the

mountain ; and appendices, covering seventy-four

pages, to the equipment and scientific results of the

expedition.

As Russell had foretold, the mountaineering difficulties

encountered during the climb were slight, and the ad-

venture resolved itself into a long, arduous struggle up-

ward for thirty days, usually in wretched weather, over

interminable snow-fields and glaciers. The character of

the cUmb was pithily given by one of the guides, in

answer to inquiries after his return :
—

" C'est comme le

Breithorn, seulement beaucoup plus haut." The ex-

pedition, consisting of the Prince with four compatriots,

five Italian guides, and ten Americans who acted as

porters, landed safely near Point Manby, at the foot of

the moraine of the Malaspina ice-field, on the evening of

June 23, and on July i started forward across the ice, all

subsequent encampments being upon snow. Traversing

the Malaspina in three days, partly in dense fog, the

party struck upward along the eastern flank of its great

tributary the Seward Glacier, which was afterwards

crossed, and the Agassiz Glacier gained, at an altitude

of only 3480 feet, by Russell's previous route through the

Dome Pass, on July 13. Thence the explorers forced

their way slowly up the Newton Glacier, through laby-

rinths of crevasses and ice-falls, for thirteen days, of which

only three were fine. Fortunately the fog and snow
which fell to their lot were unaccompanied by either wind

or electrical disturbance; nor did the party suffer from cold,

the temperature ranging steadily between 25° and 35° F.

Their progress along this glacier averaged only about

I mile 500 yards daily. At this stage they received news
that the expedition led by Prof. Bryant, which had set

out a few days ahead of them, had been compelled to
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return to the coast owing to the illness of one of its

members, after having reached the foot of the Newton
Glacier.

The Italians were greatly impressed with the vivid

colouring of the neve and ice even in the thickest weather,

the tints ranging from brilliant turquoise and azure to the

deepest blue, without the greenish tinge familiar to them

in the Alps. This and the weird atmospheric effects in

these mountain solitudes are eloquently described by Dr.

Filippi.

Having left the American porters behind, and estab-

lished their advance camp on the col at the head of the

Newton valley, at an altitude of 12,287 feet, the success

of the mountaineers depended solely upon the weather.

Fortunately this proved more favourable than at the

lower elevations, and they were able, without delay, to

attack the summit. It was absolutely calm and clear on

July 31, when after a heavy climb of 5800 feet from

their last bivouac, during which the majority of the

party were more or less affected by mountain-sickness,

the Prince and his comrades reached the crest just before

noon. The thermometer registered a temperature of

io*5° F., and the barometer stood at 15 inches 15 lines.

The height of the mountain as determined by the

barometer was 18,092 feet, which is in remarkably close

agreement with Russell's figures, 18,100 feet, obtained by
triangulation.

From the summit they saw the majestic mass of Mount
Logan to the north-eastward, sinking north-westward

into a very intricate lower chain, while to the westward

was a chaos of low ridges, neves and glaciers, overtopped

at a distance of some hundred miles or so by three great

snowy giants as yet unexplored, which profTer substantial

work for the future.

Then came the descent and the return to the coast,

which was safely reached in ten days. Some of the lower

ridges overlooking the Malaspina Glacier, where they had

previously found snow, were now knee-deep in blossom-

ing plants.

The appendices to the volume are, from a scientific

standpoint, not particularly important. The first de-

scribes the equipment of the expedition in detail, and!

should be of service to explorers of similar regions. The
excellent plan was adopted of packing the supplies in tin

boxes, each containing sufficient material of every kind

for twenty-four hours. The second appendix consists of

meteorological tables, giving the simultaneous observ-

ations made daily between June 25 and August 3 by the

expedition, and by the Rev. C. J. Hendricksen, of the

Swedish Mission at Yakutat, at the foot of the mountain.

The third deals with the health of the party. The
absence of colds, rheumatism, or other ill results from

the trying conditions of the journey is made the subject

of comment ; and the symptoms which effected most of

the explorers during the final stages of the ascent are

fully discussed, but it is thought that these might be in

part attributed to excitement and want of sleep. The

only case of real illness was that of one of the American

porters, who, after having passed a night, during the

return, on ground covered by vegetation, on the Hitchcock

Hills, was seized with an attack of malaria while cross-

ing the Malaspina Glacier. The terrible plague of

mosquitoes on the coastal strip of forest is especially
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mentioned. Another appendix, on the zoological material,

is principally devoted to the description of a new arachnid

and of a new oligochicte annelid collected on the snow.

An appendix on the rocks and minerals is for the most

part a discussion of Russell's previous work, but contams

the information that the outcrops near the summit of the

mountain consist of typical diorite passing locally into

hornblendite.

The ascent of Mount St. Elias was an achievement

worthy of a prince, and this handsome volume is worthy

of the achievement. Beautifully printed, magnificently

illustrated and tastefully bound, it reflects credit upon all

concerned in its production. But (alas ! the inevitable

but !) it has no index. G. W. L.

A HYDRODYNAMICAL THEORY OF ACTION
AT A DISTANCE.

Vorlestingcfi iiber hydrodynamische Fernkrdjte nach

C. A. Bjcrknes' Theorie. Von V. Bjerknes. Band i.

Pp. 338 ; with 40 figures. (Leipzig : Johann Ambrosius
Barth, 1900.)

THEORIES of matter—or should we not rather call

them theories of /^r^^, since, in "explaining" the

properties of matter, we are mainly concerned with those

manifestations which we say are due to "force"—natur-

ally fall into two distinct classes. The first class includes

those hypotheses which regard continuous matter as

being built up of discrete particles, and the direct action

of finite portions of matter as being due to action

at a distance of these particles. The second class in-

cludes those hypotheses which regard these particles as

singularities in a continuous medium, and which attri-

bute their action at a distance to the direct agency of

the medium. In a certain sense, these two theories are

reciprocal. In both, certain attributes are localised at

points, and it is necessary to bridge over the distance

between these points. According to the first hypo-

thesis, a field of force pervades the intervening gaps
;

according to the second, they are filled with a dis-

tribution of mass. The belief that both hypotheses are

possible, enables us to imagine that there may be no

limit to the smallness of the scale on which Nature con-

ducts her operations, the phenomena occurring in any

region being made to depend in their turn on others oc-

<;urring in the far more minute regions which are regarded

as constituting its ultimate elements, and these elements

being in turn capable of further subdivision, and so on

indefinitely.

In 1852, Lejeune-Dirichlet, being unacquainted with

the works of Green and Stokes on this subject, published

a paper containing the solution of the problem of the

motion of a sphere in an incompressible fluid. In a

course of lectures given at Gottingen in 1855-56, Dirich-

let gave the corresponding solution for a sphere fixed in

a steady current, and invited his pupils to attempt the

-^olution for an ellipsoid. Among these pupils were
-cohering, who solved the problem, and C. A. Bjerknes,

who gave a generalisation for space of n dimensions. At
this time the doctrine of action at a distance may have
been said to be at its zenith, and Gottingen had given

birth only a few years previously to the last brilliant pro-

duct of that doctrine, Weber's Law. As a foreigner,
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Bjerknes was, however, less influenced by the views then

prevailing in the Gottingen school, and a volume of

Euler's correspondence falling into his hands caused him
to oppose the doctrine of action at a distance. A fresh

light was thrown on the hypothesis of a continuous all-

pervading medium by Dirichlet's discovery that a sphere

moving in an incompressible perfect fluid experiences no

retardation from the fluid, and an impetus was given to

Bjerknes to develop Dirichlet's investigations in a

direction widely differing from anything then contem-

plated by his professor.

From the effects of purely translational motions of two

spheres, Bjerknes was led on to consider the mutual

actions of two pulsating spheres, and discovered that

such spheres attract or repel one another according

as their phases are the same or opposite, the law of

force being that of the inverse square. Bjerknes found,

moreover, that the expressions for the forces acting

on a sphere moving in liquid consisted of two terms,

which he distinguished as " inductional forces " and
" energy forces," a result which he arrived at by con-

sidering the expressions for the pressures on the spheres,

but which might have been found more readily had
Thomson and Tail's application of Hamilton's principle

been then known to him. About 1875, Bjerknes pub-

lished a paper in which he established the hydro-

dynamical law of action and reaction, and the analogy

with electric and magnetic action at a distance ; and in

the following year he gave an independent investigation

based on the Hamiltonian principle.

From 1875 onwards, Bjerknes appears to have occu-

pied himself chiefly with the terms of lowest order in the

expressions for the forces ; and in 1878 he discovered the

law of rotation for oscillating spheres. Since then he

seems to have devoted his attention mainly to electric and
magnetic analogies, and in the middle of his eightieth

year he completed the discussion of the " inductional

forces," and by this means pushed the analogy between

hydrodynamic action at a distance and electromagnetic

phenomena as far as it could be pushed without depart-

ing from the fundamental hypotheses.

A complete account of these investigations was never

published, and it remained for his son. Prof. V. Bjerknes,

to embody them in the present volume. For three years

Prof. V. Bjerknes has delivered courses of lectures on

the subject at the University of Stockholm, and the book

is practically based on these lectures. It is divided into

four parts : the first, an introductory part, dealing with

the general principles of vector fields and hydro-

dynamical equations ; the second, dealing with the motion

of the liquid surrounding a system of moving spheres

treated from a kinematical standpoint ; the third, dealing

with the influence of the pressures on the motion of the

spheres themselves ; and the fourth, with the theory of

apparent actions at a distance, of hydrodynamical origin.

In the second part, the diagrams of the stream lines due

to a moving, oscillating or pulsating sphere in various

fields of force are noticeable for their elegance.

It is to be wished that the courses of lectures which

Prof. V. Bjerknes delivered on the work of his father

could be taken as models of what university lectures

should be, for the development of a theory such as the

present affords an excellent and not difficult insight into
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the methods of mathematical analysis. So long as our

English university colleges are, to a great extent, in the

hands of oligarchies, who attach more importance to such

trifles as the handwriting and spelling of matriculation

or medical preliminary students than to higher scientific

study, such courses of training will only be accessible to

those who seek them in countries more enlightened in

the matter of scientific education than Great Britain.

We can readily imagine that Bjerknes' theories may find

their way into many transatlantic universities among the

"classics of science." They have, indeed, no small claim

to be regarded as classical. It is true, as Prof. V.

Bjerknes points out, that his father's and Kirchhoff s work

in several cases somewhat overlapped, but it would ap-

pear that in developing the theory of motion of spheres

in liquids as a basis for explaining the properties of

matter, Bjerknes stood entirely on ground of his own
making. Other theories involving the conception of a

continuous medium have sprung up ; we have had the

vortex-atom theory before us, and we now find it neces-

sary to postulate the existence of an ether, whose attri-

butes resemble those of an elastic solid rather than a

fluid. At the present time few will regard the hypothesis

of pulsating spheres as of more than classical interest.

As having been first developed in the face of a prevalent

belief in the doctrine of action at a distance, and as in-

genious methods of replacing this action at a distance by

the action of an intervening medium, the application of the

term " classical " to these investigations of C. A. Bjerknes

may not be altogether without justification.

G. H. Bryan.

PHOrO-MICROGRAPHY.
Photo-micrography. By Dr. Edmund J. Spitta. Pp.

xi -H 163. (London : The Scientific Press, Ltd., 1899.)

A QUARTER of a century has now elapsed since

the renaissance of the art and science of photo-
micrography. Up to that time much of the best work in

this direction was accomplished in America by Lieut.-

Colonel Woodward, of Washington, whose successful

photographs of diatoms excited the admiration of all

microscopists who saw in his productions the faithful

delineations of those "markings" on them, on which
many hours of microscopical manipulation had been
spent in bringing their delicate tracery to a correct

definition. From that time to the present the fascination

of transferring the minutest details of histological and
biological science to the photographic plate has found
many ardent votaries, with the result of improved
apparatus and lenses corrected to such a degree of
accuracy for this work that sharp and well-defined
images can now be obtained in a manner that would
have been a boon and a revelation to workers twenty-
five years ago.

Amongst the latest exponents of this branch of micro-
scopical science we must name that of the author of the
book under consideration.

Dr. Spitta in this work on photo-micrography has
dealt with the subject very fully and from a scientific

standpoint, so that the student who takes up this branch
of the photographic art is thoroughly furnished with all
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the information necessary to the accomplishment of

perfect work, leaving, however, only that amount of

personal experience to be obtained and which will be
demanded of every one who first embarks on this art,

and without which he is liable to be landed in many
difificulties.

In Chapter i. the author deals with illuminants, a

by no means unimportant point for consideration ; for

although we have several good illuminants for low power
work, it is when we come to work with the highest power
objectives that either the lime-light or that of the electric

arc lamp must be employed to produce the best possible

results. These lights are not always readily accessible
;

but as the aspiring student most probably will try his

'prentice hand on low power work, the single wick lamp
burning the best paraffin oil will furnish him with a light

sufficiently rich in actinic rays that, provided the proper

length of exposure be given, will result in a very suc-

cessful negative. Dr. Spitta in Chapter ii. proceeds to

give directions for obtaining photo-micrographs by low
power objectives, dealing with this in such a lucid

manner that the student who closely follows his clear

description cannot fail in being rewarded by satisfactory

results, being assisted in his work by algebraical

formuke and illustrations of simple but effective

apparatus.

Chapter iii. deals with medium power photo-micro-

graphy, and contains some very necessary cautions

relative to the avoidance of vibrations in the apparatus,

for, as the author observes, "when photographing at

1000 diameters, i/iooo of an inch shake in the specimeni

makes a shift of one inch in the photographic plate," or

he might have said in the photographic image; therefore

the absolute necessity of the most perfect stability, not

only in the apparatus but even in the studio, can be
readily understood and provided for—even a heavy tread

on the floor of an adjoining room being sufficient to dis-

turb the steadiness of the optical arrangement. Dr.

Spitta describes different methods whereby this difficulty

may be overcome. Allowance must also be made for the

expansion of the metal of the microscope from the heat

of the illuminant, for even in low power work, say of 250
diameters, the heat from the oil lamp must not be con-

sidered a negligible quantity, and must be considered so-

far that no photographic exposure should be attempted

till the metal has had time to become fully expanded.

Chapter iv. is overloaded with woodcuts of different

makes of microscopes valuable as affording the studerit

a choice of various instruments, but by no means neces-

sary to his work, as any one of these is sufficient for

attaining good medium power work. This chapter alsa

deals with the subject of lenses and eyepieces and the

accessory fittings of the microscope generally ; but there

is one point that must have the greatest attention, and

that is the fine adjustment, and Dr. Spitta does well ia

laying great stress upon its importance ; nothing is more

embarrassing to the operator, when perhaps everything

else in the apparatus is working well, to find that the

fine adjustment by which he hopes to obtain that sharp

definition without which his work is valueless, is alto-

gether useless from faulty construction, and Dr. Spitta.

describes the various forms of this all-important additioa

to the photo-micrographic installation.
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The remaining three chapters of this work treat of

such subjects as substage fittings, coloured screens, and

the various subsidiary apparatus useful in high power

or "critical" photo-micrography. These particulars do

not bear the condensation that is necessitated by the

space allotted to this report, but are full of information

for the guidance of the photo-micrographic student and

will materially assist him in his work. A valuable feature

is included in the appendices, and is headed "25 common
faults in photo-micrography ; their causes and means of

cure"; by a reference to p. 152 every error that may
present itself in the beginner's work is described, the

reason for it given, and the remedy indicated. Added

at the end of the book are five plates of representative

work in photo-micrography, the work of the author, while

a copious index brings the work to a conclusion.

GEORGE KINGSLETS LIFE AND WRITINGS.
Notes on Sport and Travel. By George Henry Kings-

ley. With a memoir by his daughter, Mary H.

Kingsley. Pp. viii -I- 544. (London : Macmillan and

Co., Ltd., 1900.)

THIS is a book, we venture to think, that most readers

will lay down with deep regret—regret that a very

talented writer, an acute observer, and an ardent sports-

man (in the best sense of the word) should have

bequeathed so little of his experiences to the world.

For George Kingsley, a member of a clever family (or,

as his biographer will have it, a member of a clever

generation of an ancient family), was evidently a man far

above the ordinary intellectual level, and enjoyed

unrivalled opportunities of adding to our store of know-

ledofe by travel in distant lands at a time when they were

still, to a great extent, populated by their native denizens

and unspoiled by the march of civilisation. Unfortu-

nately, however, he seems to have been devoid of those

regular and methodical habits of work by which alone

the results of a life of exploration and travel can be

properly recorded, and we have consequently to be

content with mere scraps and fragments of a vast store

of information.

From such scraps and fragments as the editor, who is

to a great extent also the author, of the present volume
Tias been able to save from oblivion, we glean how keen an

observer and how true a lover of nature was Dr. Kingsley.

Whether among the coral-girt isles of the South Pacific,

when they were yet in great part fpee from the "beach-

comber," or on the prairies of the " wild west," at a time

when the bison were still to be numbered by hundreds,

if not by thousands, his descriptions of scenery and

animals are life-like pictures.

The greater part of the account of the author's travels

is given in the memoir by his daughter, which occupies

more than a third of the whole volume, and is, in great

measure, in the form of letters or of extracts from the

same. And here we take the opportunity of expressing

our sense of the excellent manner in which Miss Kingsley

—herself a traveller and writer of world-wide repute

—

has discharged what must evidently have been a task of

110 ordinary difficulty.

Kingsley fin company with the late Lord Pembroke)
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j

visited the South Seas in the late "sixties"—a time

j

when yachting in those latitudes had not come into

!
vogue; and such descriptions as he has left of the

1
natives and natural products only make us regret that

they were not fuller. Fish seem especially to have at-

i traded his attention; but when, he states that he dis-

believes the story of a Chaetodon ^ shooting water at a fly,

the editor diould have added that the only fish which

performs this feat is a species of Toxoies, whose southern

j

range only extends to North Australia, so that it could

not have come under the ken of the author.

I

The travels in Canada and the United States were

j

undertaken in company with Lord Dunraven, between

1870 and 1875 ;
parts of them being described by the

latter in "The Great Divide."

Of the various collected papers of Dr. Kingsley,

perhaps the most interesting to the naturalist is the one
entitled " Among the Sharks and Whales." Here the

author graphically describes, as an eye-witness, certain

encounters between the larger Cetaceans and smaller

members of the same order, together, perhaps, with other

denizens of the deep. We are told, for instance, how
some of these creatures, of thirty feet or so in length,

were seen to leap clean out of the water, and then to

fall with a sounding " smack " that could be heard half

a mile off. But whether the creatures in question were

attacking a whale, or leaping for mere fun, the author

was unable to determine. Neither could he say

definitely whether or no they were "killers." And he

seems, indeed, to be somewhat confused between " killers "

and "threshers" ; although, as to the sharks commonly
called by the latter name, he denies that they ever attack

whales, adding that he has never even known a shark of

any kind throw itself out of the water. R. L.

OUR BOOK SHELF.
Jrrligation and Drainajs^e, Principles and Practice of,

their C ultural Phases. By F. H. King, Professor of

Agricultural Physics in the University of Wisconsin,
author of "The Soil." The Rural Science Series.

Pp. xxi -f 502. (New York : The Macmillan Company
London : Macmillan and Co., Ltd., 1899.)

The object of this book, as stated in its preface, is " to

present, in a broad yet specific way, the fundamental
principles which underlie the methods of culture by irri-

gation and drainage," and we may say that we consider

the author successfully does this.

The introductory chapter treats of the importance of

water in cultivation, and in it a number of interesting ex-

periments on the amount of water absorbed by cereals

and other plants, and the weight of dry matter produced
are described, from which it appears that with cereals the

amount of water used varies from about 300 to 500 lbs.

per pound of dry matter produced. The general result of

these experiments is considered to show " that well-

drained lands in Wisconsin, and in other countries having
similar climatic conditions, are not .supplied naturally

with as much water during the growing season as most
crops are capable of utilising, and hence that all methods
of tillage which are wasteful of soil moisture detract by so

much from the yield per acre."

1 The editor avows a difficulty in deciphering some of the MS. which
came into her hands, and therefore suggests the possibility of a certain

amount of mis-spelling. Some naturalist friend would, however, doubtless

have corrected the following errors, viz.:— P. 6i, Cheiaiions for Chaetodons ;

p. 222, Haroldus for Harelda ; p. 414, Megaptera austrnlis for Balaena
australis

; p. 421, Ovulis and Mutras for Olives and Mitras ; and p. 424,

Orcus for Orca.
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Similar experiments have been made with other crops,

as, for instance, potatoes, and the importance of such

experiments is, as stated further on in the book, " because

only such knowledge as this can show how economical

or how wasteful our methods of tillage may be, and
how nearly we are realising the largest profits which are

possible to the business."

The conditions of rainfall under which irrigation is

practised in different parts of the world are discussed, and
the means of " conserving the moisture of the subsoil " by
proper tillage pointed out. An excellent account is given

of the depth of root penetration in the soil, which is illus-

trated, as is the rest of the book, by some very good and
instructive engravings. A short account is given of

sewage irrigation ; and the idea that the milk of cows fed

on sewage produce is in any way detrimental is disposed

of by quotations from Sir Henry Littlejohn, and from Mr.
Spier, the Scottish Dairy Commissioner. Methods of

diverting streams for irrigation are carefully described

and fully illustrated, as also are the methods of applying
the water to the ground. In Part ii. (a small portion at

the end of the book) the necessity for soil drainage is

insisted on, and the methods of carrying it out are

described.

The book altogether is very readable, although the

spelling of some of the words seems curious to an English
reader. It is also well printed, and the only misprint

noticed is on p. 403, where the word " denitrification " is

used instead of "nitrification." W. H. C.

The Refraction of the Eye, including a Complete Treatise

on Ophthalmometry. A Clinical Text-bookfor Students
and Practitioners. By A. Edward Davis, A.M., M.D.
Pp. 431. (New York : The Macmillan Co., 1900.)

This volume should prove a valuable addition to the
library of the ophthalmic surgeon, for though several books
on retinoscopy have been published, this is the only work
on ophthalmometry yet written in English.

It comprises a description of Javal and Schidtz's modi-
fication of Helmholtz's ophthalmometer, together with full

instructions in the use of the instrument ; the necessity

of forming a clear mental picture of the state of the eye
from the results of an experiment being rightly insisted

upon.
One hundred and fifty illustrative cases are included

in the text, and a comprehensive index has been ap-
pended, so that the student can readily find a parallel to

any case which may give him trouble. One hundred
and nineteen diagrams, includmg a clear and well-drawn
woodcut of the ophthalmometer of Javal and Schiotz, are
distributed throughout the text.

Although the advantages which may be gained by the
use of the ophthalmometer are insisted upon, the author
has taken great pains to indicate the limitations of its

usefulness. By its aid we may determine with accuracy
the radii of curvature of the cornea in various meridians

;

but the author endorses the generally accepted opinion
that there is no definite relation between the curvature
of the cornea and the refractive condition of the eye, as
far as hypermetropia or myopia are concerned. Myopia
usually depends upon an elongation, and hypermetropia
upon a shortening of the axis of vision. Strangely
enough, in cases of extreme myopia, a somewhat flat-

tened cornea is generally met with. Nevertheless, in

cases of simple hypermetropia and myopia, the ophthal-
mometer eliminates the question of corneal astigmatism.
The routine of examination followed by the author is (i)

use the ophthalmometer
; (2) use trial lenses and test

cards ; (3) use the ophthalmoscope
; (4) if after two tests

on different days the result is still unsatisfactory, employ
a mydriatic and use the retinoscope in addition to the
other tests. It is stated that (i) to (3) suffice for 99 per
cent, of uncomplicated cases.

In the use of test glasses, it is recommended that a
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series of positive lenses, gradually increasing in power,
should first be employed; By this means spasmodic ac-

commodation is avoided. The fact that the use of atropine
can so often be dispensed with is of great importance,
since many men might hesitate to have their eyes e>c-

amined if this necessitated a temporary cessation of their

business duties.

A number of instructive cases are included, showing
the serious results which may follow on the prescription

of unsuitable glasses for a patient. Not only severe pain
and inability to use the eyes for any length of time, but
even personal disfigurement may be produced. Thus a
case is recorded (p. 307) of a patient whose eyes were
being forced into a divergent squint by the use of pris-

matic glasses. After a careful examination, the prisms
were discarded and suitable lenses were ordered, with
the result that, after two weeks, complete comfort
and the possibility of working with satisfaction were en-

joyed for the first time for many years.

Altogether this book gives us a good idea of the vast

advantages to the human race which have resulted from
the optical researches of Helmholtz, culminating in the
invention of the ophthalmometer and the ophthalmoscope.

E. E.

A Key to the Birds of Australia and Tasmania, with
their Geographical Distribution in Australia. By R.
Hall. Pp. xii -1- 116; plate and map. (Melbourne:
Mullen and Slade ; London : Dulau and Co., 1899.)

Were it nothing more than a synopsis of Australian
birds, with just sufficient in the way of description to

enable the different species to be easily recognised, this

well-printed little " Key" would be to a great extent of
merely local interest. But since the author has very
wisely made geographical distribution its leading feature,

the work appeals to a much wider circle of students than
would otherwise have been the case.

In his Report on the Zoology of the Horn Expedition,
Prof. Baldwin Spencer recently divided Australia into

three zoological sub-regions ; namely, (i) the Torresian,
embracing the northern and eastern districts as far as

South Queensland
; (2) the Barsian, comprising eastern

New South Wales, Victoria and Tasmania ; and (3) the

Eyrean, including the remainder of the mainland. These
sub-regions are further split up into " areas," and the

fact that bii"d-distribution accords with such a parcelling-

out of the continent from other lines of evidence affords

important testimony in support of Prof. Spencer's views.

It is noteworthy that the South Queensland area forms
the headquarters of the Australian Passeres, a fact for

which there must surely be some adequate physical

reason, if only it could be discovered. The total number
of species recorded is 767, among which the black emu
is believed to be extinct ; and, so far as we have been
able to verify them, the diagnoses of the various groups
and species seem well adapted to their purpose. , The
work appears singularly free from errors and misprints,

and ought to be in the hands of every Australian bird-

lover. R. L.

Pages Choisies des Savants Modernes. By A. Rebi^re.

Pp. viii -I- 620. (Paris : Nony et Cie, 1900.)

This is a series of extracts (translated into French when
not written in that language) from the works of eminent
men of science. It appeals mainly to the general reader,

and the best that can be hoped of it is that it may induce
some members of this class to study the works of one or

other man of science seriously. A scientific writer does
not appear to the best advantage in " tit-bits " selected

from his works ; and, except as a possible stimulus, the

value of such a miscellany as this cannot be reckoned
very high. The portraits, of which there is a considerable

number, will probably be found, by scientific readers, the

most interesting feature of M. Rebiere's compilation.
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Les Vteux Arbres de La Normandie. By Henri Gadeau
de Kerville. Fasc. iv. Pp. 219 + 352. (Paris: J. B.

Bailliere et fils, 1899.}

This instalment of M. de Kerville's careful monograph
contains twenty views of trees from photographs by the
author, accompanied by detailed descriptions and histori-

cal notes. The work is well and conscientiously done,
whilst the illustrations are well selected and admirably
reproduced in collotype. The trees here shown include
ten oaks, six yews, two beeches, a lime and a poplar.

As the photographs of the deciduous trees have been
taken in very early spring, before the opening of the buds,
their ramification and general architecture are shown to

the greatest advantage. With this volume, a propos of
a notable oak-tree growing at Isigny-le-Buat, the author
includes an interesting account of recorded cases of
mistletoe upon oaks in Normandy. He is able to pro-
duce evidence in support of some twenty-seven recorded
instances. The book will appeal to all tree-lovers ; may
it stimulate some to similar studies. We remember to

have seen something of the kind for Northumberland
nearly thirty years ago in the Transactions of the Tyne-
side Naturalists' Field Club.

LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intended for this or any other part of NATURE.
No notice is taken ofanonymous communications.

'\

The Nature of the Solar Corona.

I SEE in the recenty-published number of Science Abstracts,
No. 802, than there is every reason to think that the corona line
is not represented by any dark line in the solar spectrum. I

write to call attention to the way this confirms the suggestion
that the corona is an aurora round the sun. In the March
number of the Annalen der Physik for this year, p. 462, Herr
Cantor describes experiments from which he concludes that
there is no absorption corresponding to the emission of light by
a gas which is caused to radiate by an electric discharge. He
makes certain deductions as to the temperature of the gas which
emphasise the difficulty of defining " temperature " in the case
of a non-steady state ; but, whatever is to be deduced from his
observation, it certainly lends weight to the suggestion that the
corona is due to an emission of a similar character to that of a
gas transmitting an electric xlischarge.

April 30. Geo. Fras. FitzGerald.

Rock-structures in the Isle of Man and in South Tyrol.

Mr. Lami'Lugh's recent paper referred to in his letter in
Nature of April 26 (p. 612) is devoted to an elucidation of the
"relations of the Carboniferous limestone to the Carboniferous
volcanic rocks"' in the Isle of Man {QJ.G.S. 1900, p. 11).
From Mr. Lamplugh's description, these relations are very
similar to the relations which I described as subsisting between
the Mid-TrJassic dolomitic limestone ("Mendola Dolomite")
and the tufaceous " Wengen " beds of Enneberg. The "Buchen-
stein Agglomerate" of Enneberg, which I mentioned in my
letter (Nature, March 22), had been described in geological
literature as a "Middle Triassic agglomerate" of local occur-
rence above " Mendola Dolomite," in the neighbourhood of
eruptive outbursts of that age. My map and sections showed
that the agglomerate had a limited occurrence in fault-zones
and overthrust-planes where difterential movemeat had taken
place between the harder, more resisting •' Mendola Dolomite "

and the yielding, mixed "Wengen" series "comprising dust-
tuffs and lavas, as well as fossiliferous shales and shaly lime-
stones." I therefore explained the so-called "Triassic"
agglomerate as a subsequent structure, of the nature of a shear-
breccia, produced by the earth-movements of the later Alpine
upheaval {Q.J.G.S. 1899, pp. 567, 584, Figs, i, 4, 9, 10).

Mr. I^amplugh descril)es in the Carboniferous series of the
Isle of Man rock-structures of brecciated limestone, tuffs with
tontained strips of limestone, and coarse agglomerate which had
previously been referred to the effects of Carboniferous eruptive
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action. ' Mr. Lamplugh's explanation is that the various com-
plexities in the structure of these rocks " have not been caused
by the volcanic outburst, but have been brought about at a later

date' by the differential movement of segments of the eruptive

rocks upon their original floor of limestone" {Q.J.G.S. pp. 15,

19, Figs. 3, 4). The parallelism between the two cases is self-

evident. In 1894, I had explained on precisely the same prin-

ciple of subsequent differential movement, the occurrence of

certain anomalous phenomena at the upper limit of the Wengen-
Cassian series in Enneberg, i.e. the limit of this plastic and
compressible series against the higher horizon of Triassic calcareo-

dolomitic rock, termed " Schlern Dolomite" ("Coral in the

Dolomites," Geol. Mag. 1894, p. 55).

The parallelism in the general sequence of events in the Isle

of Man and in South Tyrol is as follows :

—

Isle of Jifan. i Enneberg.

Pre-Carboniferous Movement. Pre-Triassic Movement.
Lower Carboniferous Deposition,

j
Triassic Deposition.

Subsequent Movement.
| Subsequent Movement.

The crust-movement immediately antecedent to Triassic de-

position in South Tyrol was that which accomplished the

upheaval of the Permian Alps, post-Triassic crust-movement
culminated in the upheaval of the present Alps (aut. Q.J.G.S.
1899, p. 628, and Nature, Sept. 7, 1899, pp. 445-6).
The farther issues of my paper in showing how differential

movements twist the rocks by taking place in cross-directions

were not touched in my letter of March 22, for the reason that

Mr. Lamplugh did not in his paper enter into the torsional

results of differential movements. But, as I have elsewhere
expressed, rock-torsion or " warping " goes on all the time in

crust-folding, and clearly, where from any cause whatsoever
there is the greatest complexity in the differential movements,
there will be the greatest complexity in the torsional phenomena.

Maria M. Ogii.vie Gordon.

POMPEII AND ITS REMAINS.^
npHE city of Pompeii is one which will ever maintain
-* a hold upon the imagination of cultured man, as
much for what it represented in the history of civilisation,

as for being the victim of one of the most awful visitations

of the powers of nature which have ever befallen the
abiding place of a great society of men. It is not the
place here to descant upon the wealth and luxury of its

Fig. I.—Plan of the Temple of Ms.
I, Portico ;"2, cella

; 3, shrine of Harpocrates ; 4, pur^atorium
; 5, hall of

initiation ; 6, hall of mysteries
; 7, 8, g, abodes of priests ; a, colonnade ;

b, refuse pit ; c, niche for statue of Bacchus ; lid, niches ; e, large altar.

inhabitants, on the bright and reckless lives which they
led, on the splendour of its buildings, or even the fancied
security wherein men and women lulled themselves, not-
withstanding the violent shock of earthquake which
shook the city to its very foundations on February 5,
A.D. 63, for all these things are the commonplaces of
history ; but we are concerned with the remains left by
the awful catastrophe which took place on August 24,

Kelsey
Pompeii, its Life and Art

p. xxii + 509. (New Yorl
y August Man. Translated by F. W
•k : The M.ncmillan Co., 1800.)
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A.D. 79, and buried the cities of Herculaneum and !

Pompeii in a layer of mingled mud, lava, pumice stone,

dust and wet ashes. In less than thirty-six hours

Vesuvius had completely blotted out these towns and
had covered the ground around for miles with pumice
stones, barely as lar^je as wnlnuts, to the depth of ten

Fig. 2.—View of the Temple of Isis.

feet. Of the twenty thousand people who are estimated
to have been in Pompeii when destruction came upon
the doomed country, about two thousand perished, the
rest saved themselves by flight ; but fortunately for the

people of our own time they were compelled to leave

behind them most of the things

which describe to the student and
antiquary the manner of their lives,

and reveal the high standard in

luxury and artistic civilisation to

which they had attained. The blow _
fell so suddenly, and the overwhelm-
ing of the city was so swiftly and
effectively performed, that men and
animals had no time to die in the

usual manner, and the ashes which
caked round them have preserved
forms and scenes which, though be-
longing to the dead and dying, are
replete with unerring suggestions of

life.

Soon after the city of Pompeii was
buried, the survivors came back and .^

began to dig out the objects of value
^

belonging either to themselves or

their friends which they knew to be
in the houses. As the upper parts

of many of the houses still stood
above the pumice stone and ashe^,

they were able to locate them in

many instances with convenient ac-

curacy, and as a result there re-

mained in Pompeii, when the search-
ers had finished work, but few houses which had not been
partly or wholly explored. Anything like a systematic
search, however, was never made, and the excavators
worked most in the places which seemed to promise
the best results. Among others, the builders' labourers
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made themselves very busy, for the costly stones and
marble used in the construction of porticos, vestibules

and baths, not to mention the pillars, were eagerly

sought after for the building of new villas and houses.

When such human vultures had battened on the re-

mains of the town, they left what they could not, or
would not, carry away to decay
and desolation. For fifteen hundred
years, Pompeii and its dead slept in

peace, and certain pious folk com-
forted themselves with the view that

its inhabitants, like those of the
Cities of the Plain, richly deserved
their punishment. About A.D. 1600,

D. Fontana, who was occupied in

bringing water from the Sarno to

Torre Annunziata, cut a conduit
through a part of the site of Pompeii,
and two inscriptions were found in

the course of the work. In 17 19,

Count Elbeuf's workmen sank a
shaft on the site of Herculaneum,
and reached a level corresponding
with the stage of the theatre. In

1754, a number of tombs at Pompeii
were discovered by the road-makers
who were working to the south of
the city, but no systematic attempt
to leave what had been excavated
uncovered and visible to all was
made until 1763, when the discovery
of the inscription of Suedius Clemens
definitely proved that the site was
that of Pompeii. A year later, the

theatres, the Street of Tombs, and
the villa of Diomedes were un-

covered, and general interest in the work was at last

awakened. Between 1806 and 1815, under JosephNapoleon
and Murat, the Herculaneum Gate and Forum were exca-

vated ; and between 1825 and 1848, a large number of

beautiful houses were cleared out and made accessible to

Fig. 3.—The Temple of Isis restored.

the curious and the learned. Up to this period, the work
of excavation, though carried on with skill and zeal, was
exceedingly unscientific ; indeed, judged by the canons of

the excavator of to-day, it would be pronounced to possess

no system at all. In i860, however, explorations and
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excavations on the site of Pompeii were entrusted to the
j

popular, and it spread from Alexandria by way of the

hands of G. Fiorelli, and most of the excellent results i Delta into Syria, and from the same centre to Rome. As

which have attended the excavations made during the

last forty years are due to the plan inaugurated by him.

At the present time, about one-half of the site of Pompeii

has been excavated, and, according to the calculations

which he made as far back as 1872, the work of clearing

the undisturbed parts in the western half of the ancient

city, and the whole of the eastern half, will not be com-

pleted much before the year 2000. The above facts

will enable the reader to grasp the magnitude of the

undertaking, and to appreciate the help which is forth-

coming from Prof. Mau's exhaustive work, of which we
must now speak briefly.

It is well known that Prof. Mau has for more than a

score of years devoted all his winters to the study of the

antiquities of Pompeii, and there is little doubt that he is

Aft//^////?t£'/j among the experts in this special branch

of Roman archneology. His articles

nd papers in the scientific period

-

als have secured for him a high

position among savants, even in his

own country, and his " Mittheil-

ungen" are at once the product of

good scholarship and enthusiasm.
The volume before us is not a

mere translation of one previously

issued, but is to all intents and
purposes a new work, now published
for the first time in English. Mr.
Kelsey, who is responsible for the

English work bearing Prof. Mau's
name, is more than the translator,

for he has abridged the German
manuscript which he had to work
from in many places, and a number
of additions to the text are due to

him. He has done his part of the
work faithfully, and the English
visitor to Pompeii has now available

in his own tongue a volume in which
lucidity of treatment goes hand in

hand with erudition and scholarship.

The English text is accompanied
by twelve plates, six plans, and two
hundred and sixty-three cuts, which
are inserted as near as possible to

the subject-matter illustrated by
them. We have only one fault to

find with the book— it is a little

heavy to carry about. Thus having
said our worst, we proceed to de-
scribe very briefly its contents.

The six first chapters really form the
introduction, which they are actually

called, and they treat of the early
history and general situation of Pompeii, the overwhelm-
ing of the city, and the excavations undertaken during the
last hundred and fifty years. The last chapter of the
section on building materials and architectural periods is

particularly instructive, and will be read by more than
the tourist. Part i. contains twenty-five chapters, which
deal exhaustively with the public buildings and places of
Pompeii, including the Forum, the Basilica, the Comitium,
the theatres, the temples of Jupiter, Apollo, Zeus Milichius,
and, strangest of all, the temple of the Egyptian goddess
Isis. It will be remembered that the Ptolemies, by the
help of Manetho, an Egyptian priest, and of Timotheus, a
man who had peculiarly perfect knowledge of the Eleu-
sinian Mysteries, associated certain Egyptian religious
ceremonies with those of the Mysteries, in the hope of
binding his Greek and Egyptian slaves together in the
bonds of a common form of worship. The new cult,

though it was abominated by the philosophers, was very

a result, we find that a college of priests of Isis, or

Pastophori, was founded at Rome in the time of Sulla,

about B.C. 80. The Romans objected to the introduction

of the Egyptian gods, and three times in the space of

eleven years was their temple destroyed. Oddly enough,
a temple in honour of Osiris and Isis was built in

Rome about n.c. 44, and before the end of the century

their festival was recognised by the public calendar.

But other cities of Italy were more tolerant than Rome,
for a temple in honour of Serapis was standing at

Puteoli B.C. 105, and not long after this date the temple
to Isis was built at Pompeii. In the earthquake which
took place a.d. 63 this temple suffered greatly, but

it was rebuilt by Numerius Popidius Celsinus at his

own expense " from the foundation." From the view
given by Prof. Mau on p. 166, we see enough to show us
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Fig. 4.T-The adoration of the holy water of the Nile during the worship of Isis.

that although the building bore slight resemblance to an
Egyptian temple, there was, notwithstanding, a wish on
the part of the arcl>itect to produce an unwonted effect

on the mind of the beholder. The deities Osiris, Isis,

Anubis and Harpocrates were represented by statues,

and as they have never been found, it is probable they

were carried off by the faithful on that awful day in

August, x.V). 79. We know little of the ceremonies con-

nected with the initiation into the Mysteries, but two
skulls, a marble hand, two small boxes, a gold cup, a

small glass vessel, and a statuette of the god nearly one
inch in height seem to have played a prominent part in

them. We have not space to follow Prof. Mau through

his description of all the various parts of this interesting

temple, but we may note that the existence of the hiero-

glyphic sepulchral inscription, set up for the scribe Hat
on a pillar to the right of the altar, indicates the adop-

tion in Pompeii of a widespread Egyptian custom. The
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worship of I sis attracted large numbers to her temple,

and the principal services took place before daybreak.

The curtains were drawn aside and the statue of the

goddess was presented to her worshippers, who straight-

way prayed to her ; an hour after sunrise a hymn was

sung to the rising sun, typified by Harpocrates, and the

service was over. The second service of the day was
held two hours after noon, and it seems to have consisted

in the adoration of water in a vessel which was supposed

to have been taken from the Nile. Whatever the details

may have been, the services certainly had reference to

scenes connected with the finding of the dead body of

Osiris by his wife Isis, and they were intended to urge

the beholder to renounce the present life and to prepare

for a second birth into a purified and beatified state ot

existence in a new world. The temple of Isis at Pompeii
is a remarkable relic of the adoption of a remarkable
religion by the Romans, and we hope that Prof. Mau will

add any new facts which he may glean from subsequent
researches to the future editions of his work. The second
part of Prof. Mau's volume deals with the houses of

Pompeii, and it seems to us to be the best in the book,

for it recalls the scenes and occurrences in the daily

household life of the Pompeians in a most realistic

fashion. The mind's eye has so many facts supplied to

it with such lucid explanations that a street of houses
appears before it without fatigue, and as the result of but
little effort. Parts iii.-vi. deal with trades and occupa-
tions, the tombs, Pompeian art and inscriptions ; the

chapters of these sections are written in the same easy
style, but at the same time the reader feels that he is

being led along an interesting path by the hand of a

master of his craft.

THE UNVEILING OF THE HUXLEY
MEMORIAL STATUE.

'yHE statue, by Mr. Onslow Ford, R.A., of the late
-- Right Hon. Thomas Henry Huxley, now placed in

the first right-hand recess of the Great Hall of the
Natural History Museum, was unveiled by H.R.H. the
Prince of Wales on Saturday last, April 28, the ceremony
being performed, by his Royal Highness's desire, imme-
diately after the meeting of the Trustees appointed for

that day.

Seating accommodation had been provided for the
Huxley family, the Trustees of the British Museum, the
members of the Memorial Committee, and other dis-

tinguished guests and chief subscribers to the Memorial
Fund, in front of the statue ; and a still greater number
ofpersons, most of whom were subscribers also, assembled
in the corrijlors overlooking the Great Hall, and on the
staircases.

There were from 700 to 800 persons present, adequately
representative of all branches of science, art, law, music,
and politics, and of several foreign nations. The following
is a classified list of the persons more directly concerned
in the ceremony :

—

Trustees of the British Museum.

Executive Committee of the Memorial Fund and others.

H.R.H. the Prince of Wales.
Earl of Elgin, K.G.
Earl of Hopetoun.
Viscount Cross.

The Bishop of Winchester.
The Lord Walsingham.
The Right Hon. Sir George

Trevelyan, Bart.

The Right Hon. John Morley,
M.P.

Sir Nathaniel Lindley, Master
of the Rolls.

Dr. W. S. Church, President
of the Royal College of

Physicians.

The Rev. F. H. Annesley.
Mr. Cavendish-Bentinck.
The Duke of Devonshire, K.G.
Lord Russell of Killowen.
Lord Avebury.
Viscount Peel.

Viscount Dillon.

Sir John Evans, K.C.B.
Sir Richard Webster.

Lord Shand (Chairman).

Sir Joseph Fayrer, Bart.,

K.C.S.I., F.R.S.
Sir Henry Thompson, Bart.

Sir Joseph Hooker, G.C.S.L,
C.B., F.R.S.

Sir John Donnelly, K.C.B.
Sir Norman Lockyer, K.C.B.,
F R S

Sir Michael Foster, K.C.B.,
M. P., F.R.S.

Sir Spencer Walpole, K.C.B.
Sir A. Geikie, F.R.S.
Mr. Briton Riviere, R.A.

Among other persons who
enclosure were the following ;

SirF. Abel, Bart, F.R.S.
Prof. T. Clifford AUbutt,
M.D., F.R.S.

Sir L. Alma-Tadema, R.A.
Sir Edwin Arnold, K.C.LE.,
C.S.L

The Attorney- General.

Mr. Alfred Austin.

Sir Squire Bancroft.

Hon. Edmund Barton, Q.C.
Prof. Bastian, F.R.S.
Sir Lowthian Bell, Bart. , F. R. S.

Mr. Horace Brown, F.R.S.
Sir T. Lauder Brunton, M.D.,

F.R.S.
Rt. Hon. L. Courtney, M.P.
Sir Wm. Crookes, K.C.B.,

F.R.S.
Mr. Francis Darwin, F.R.S.
The Earl of Ducie, F.R.S.
Sir W. Thiselton • Dyer,

K.C.M.G., F.R.S.
Mr. R. Etheridge, F.R.S.
Prof, J. B. Farmer, M.A.
Lady Flower.
Prof. Le Neve Foster, F.R.S.
Dr. R. Garnett, C.B.
Dr. J. H. Gladstone, F.R.S.
Lieut. -Col. Godwin-Austen,

F.R.S.
Dr. A. Giinther, F.R.S.
Mr. G. Henschel.

Dr. P. L. Sclater, F.R.S.
Prof. G. B. Howes, F.R.S.
(Hon. Secretary).

Mrs. Huxley and members of

the Huxley family, to the

number of thirty-two.

Sir E. Maunde Thompson and
Officers of the British

Museum, Bloomsbury.

Prof. E. Ray Lankester, the

Director, and the Officers of

the British Museum (Natural

History).

were seated in the central

Lord Hobhouse, K.C.S.I.,

CLE.
Prof. Victor Horsley, F.R.S.
Prof.J.W.Judd,C.B.,F.R.S.
Right Hon. W. E. H. Lecky,

M.P.
Sir Hugh Low, G.C.M.G.
Dr. P. Manson.
Dr. Ludwig Mond, F.R.S.
Prof. R. Meldola, F.R.S.
Sir Francis Mowatt, K.C.B.
Sir Andrew Noble, K.C.B.,

F.R.S.
Admiral Sir Erasmus Omman-

ney, Bart., C.B., F.R.S.
Prof. J. Perry, F.R.S.
Sir W. C. Roberts-Austen,

K.C.B., F.R.S.
Sir Henry Roscoe, F.R.S.
Prof. A. W. Riicker, F.R.S.
Sir J. S. Burdon-Sanderson,

Bart., F.R.S.
Dr. D, H. Scott, F.R.S.
SirG. G. Stokes, Bart., F.R.S.
Prof. G. Johnstone Stoney,

Mr. J. J. H. Teall, F.R.S.
Prof. T. E. Thorpe, F.R.S.
Prof. W. A. Tilden, F.R.S.
Rev. Canon Tristram, F.R.S.
Sir William Turner, F.R.S.
Prof.W. F. R. Weldon, F.R.S.
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Foreign nationalities were represented by :

—

Dr. F. P. Moreno (of the

Argentine Republic).

Major Dr. von Wissmann
Germany).

Mons. L. Geoffray (France).

Mons. F. Fuchs (Congo Free
State).

Prof. Batalha Reis (Portugal).

Prof. G. Paladino (of Naples).

Prof. G. Gilson (of Louvain).

Senor Don Pedro Jovar y Tovar
(Spain).

Count Bottaro Costa (Italy).

Plenipotentiaries at the Inter-

national Conference for the

preservation of wild animals
in Africa.

Punctually at the time appointed (1.15 p.m.), his Royal
Highness took up a position to the spectators' left of the

statue, supported by the Standing Committee of the

Trustees of the Museum, with Sir Maunde Thompson
and Prof. Ray Lankester ; while Sir Joseph Hooker,
similarly supported by the members of the Executive of

the Memorial Committee, stood on the right ; the sculptor,

Mr. Onslow Ford, being in proximity to the statue.

The proceedings were opened by Prof. Ray Lankester,

with the following introductory statement :

—

Your Royal Highness, My Lords, Ladies and
Gentlemen,—The duty of briefly explaining the nature of

the present proceedings has devolved upon me. I feel it to be

a great privilege to discharge this duty on the occasion designed

to do honour to my venerated master. Prof. Huxley. . This
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celebration would have been no less dear to Huxley's fellow-

worker and friend, the late director of this museum, Sir William
Flower, who unhappily is no longer with us to witness the com-
pletion of the memorial statue which he, especially, desired to

see placed in this hall.

A few months after Prof. Huxley's death in 1895, a committee
was formed for the purpose of establishing a memorial of the

great naturalist and teacher. At a meeting of that committee,
held on November 27, 1895, at which 250 members were pre-

sent, and at which his Grace the Duke of Devonshire presided,

the following resolution was carried :

—

'* That the memorial do take the form of a statue, to be
placed in the Museum of Natural History, and a medal
m connection with the Royal College of Science ; and
that the surplus be devoted to the furtherance of bio-

logical science in some manner to be hereafter deter-

mined by the committee, dependent upon the amount
collected."

From all parts of the world, besides our own country, from

every State of Europe, from India and the remotest Colonies, and
from the United States of America, subscriptions have been re-

ceived for the Huxley memorial, amounting in all to more than

3380/.

Three years ago the committee commissioned and obtained the

execution of a medal bearing the portrait of Huxley, and has

established its presentation as a distinguished reward in the Royal
College of Science. The re-pubiication of the complete series

of Huxley's scientific memoirs, which was proposed as one of

the memorials to be carried out by the committee, has been
undertaken by Messrs. Macmillan, without assistance from the

committee. I am glad to be able to state that two large volumes
of these richly illustrated contributions to science have been
already published.

Whilst these other memorials were in progress under the

auspices of the executive committee, they secured the services

of Mr. Onslow Ford, R.A. , to execute the statue which it had
been decided by the general committee to regard as the chief

object of the subscriptions entrusted to them. On the com-
pletion of the statue, the trustees of the British Museum agreed

to receive it and to place it in the great hall where we are now
assembled.

On behalf of the vast body of subscribers to the memorial,
Sir Joseph Hooker, Huxley's oldest and closest friend, himself

the survivor of that distinguished group of naturalists, including

Charles Lyell, Richard Owen and Charles Darwin, who shed
so much lustre on English science in the Victorian age, will

hand over the statue of Huxley to the trustees of the British

Museum. Your Royal Highness has been graciously pleased, as

one of the trustees, to represent them on the present occasion,

and to receive the statue on their behalf. The memorial statue

of Huxley is the expression of the admiration, not only of the

English people, but of the whole civilised world, for one who as

discoverer, teacher, writer and man, must be reckoned among
the greatest figures in the records of our age.

Sir Joseph Hooker then stepped forward from among the

committee, and presented the statue in the following words :

—

May fr Please Your Royal Highness,—I have the honour
of being deputed, by the subscribers to the statue of my friend

the late Prof. Huxley, to offer it to your Royal Highness,
n behalf of the trustees of the British Museum, with the intent

that it should be retained in this noble hall as a companion to

the statues of Prof. Huxley's distinguished predecessors, Sir

Joseph Banks, Mr. Darwin and Sir Richard Owen. It would be
a work of supererogation, even were I competent to do so, to

Iwell upon Prof. Huxley's claims to so great an honour, whether
as a profound scientific investigator of the first rank, as a teacher,
or as a public servant ; but I may be allowed to indicate a
parallelism between his career and those of two of the eminent
naturalists to whom I have alluded, which appears to me to afford

an additional argument in favourof retaining hisstatue in proximity
to theirs. Sir Joseph Banks, Mr. Darwin and Prof. Huxley all

entered upon their eff"ective scientific careers by embarking on
voyages of circumnavigation for the purpose of discovery and
research under the flag of the Royal Navy. Sir Joseph Banks
and Prof. Huxley were both Presidents of the Royal Society, were
both trustees of the British Museum ; and, what is more notable
by far, so highly were their scientific .services estimated by the
Crown and their country, that they both attained to the rare
honour of being called to seats in the Privy Councils of their

respective Sovereigns.
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With these few words I would ask your Royal Highness
graciously to accede to the prayer of the subscribers to this

statue, and receive it on behalf of the trustees of the British

Museum.
He was followed by Sir Michael Foster, who pronounced the

following ^loge on Huxley's work and influence :

—

May it Please Your Royal Highness,—Before you
unveil this statue it is my duty and privilege to add a few words
to those which have just been spoken by the beloved Nestor of

biological science. Sir Joseph D. Hooker, born before Huxley
was born, a sworn comrade of his in the battle of science,

standing by him and helping him like a brother all through his

strenuous life, may perhaps be allowed to shrink from saying

what he thinks of the great work which Huxley did.

We of the younger generations, Huxley's children in science,

who know full well that anything we may have been able to do
springs from what he did for us, cannot on this great occasion

be wholly silent.

Some of us have at times thought that Huxley gave up for

mankind much which was meant for the narrower sphere of

science ; but if science may seem to have been thereby the

loser, mankind was certainly the gainer : and indeed it was a
gain to science itself to be taught that her interests were not

hers alone, and that not by one tie or by two, but by many
was her welfare bound up with the common good of all.

To many perhaps the great man whose memory we are here

met to honour was known chiefly as the brilliant expositor of

the far-reaching views of that other great man who through his

statue is nosv looking down upon us. Your Royal Highness is

doubtless at this moment thinking of that interesting occasion,

fifteen years ago, when you unveiled that statue of Darwin, and
you are calling to mind the weighty words then spoken by him
whose own statue brings us here to-day.

Huxley it is true fought for Darwin, and indeed "he was
ever a fighter." But he fought not that Darwin might prevail

;

he fought for this alone—that the views which Darwin had
brought forward might be examined solely by the clear light of

truth, untroubled by the passion of party or by the prejudice o

preconceived opinion. As he never claimed for those views the

infallibility of a new gospel, so he always demanded that they

should not be peremptorily set aside as already proved to be

wrong.
Huxley worked for his fellow men in many ways other than

the way of quiet scientific research. Had we not known this

we should have thought that his whole life had been given up
to original scientific investigation, so much has the progress of

biologic science, since he put his hand to it, been due to his

labours. On the sands of many a track of biologic inquiry he

has left his footprint, and his footprint has ever been to those

coming after him a token to press on vvith courage and with

hope. The truths with which he enriched science are made
known in his written works ; but that is a part only of what he

did for science. No younger man, coming to him for help and

guidance, ever went empty away ; and we all—anatomists,

zoologists, geologists, physiologists, botanists, and anthropolo-

gists—came to him. The biologists of to-day, all of us, not of

this country alone, but of the whole world of science, forming,

as it were, a scattered fleeting monument of this great man, are

proud at the unveiling of this visible lasting statue here.

In conclusion. Sir M. Foster, facing the Prince, added the

words :—May I crave your Royal Highness's permission to seize

this opportunity to assure you incidentally, but none the less

from the bottom of our hearts, on the part of men of science

that we, in common with all Her Majesty's subjects, are rejoicing

that you escaped the dreadful peril to which a few days back

you were exposed, and to express to you our continued esteem

and respect ?

On Sir M. Foster's return to his seat among the committee,

the Duke of Devonshire, speaking from in front of the veiled

statue, said he had the honour nearly five years ago of presiding

over the committee formed for the purpose of establishing a

memorial to Prof. Huxley. He had now to report to his

Royal Highness that the labours of that committee had ter-

minated, and to say that the committee desired to present the

statue to his Royal Highness on behalf of the trustees of the

British Museum. They felt, however, that the real memorial

to the deceased man of science was to be found in the writings

which had already been referred to, and still more in the

scientific work he accomplished or helped to promote, and in

the influence he exercised and was still exercising upon the
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•minds of younger men, many of whom ihey trusted might at

some future time emulate his distinguished example. On behalf
the committee he begged to tender his Royal Highness

their thanks for having come to give a final sanction to their

proceedings, and for having undertaken the duty of unveiling

the statue that day.

The Prince of Wales then withdrew the covering from the

statue, and brought the proceedings to a close with the following

words :

—

My Lords, Ladies and Gentlemen,—I consider it a very
high compliment to have been asked by the Huxley Memorial
Committee to unveil and receive this statue, and to do so in the

name of the trustees of the British Museum, of whom I have the

honour to be one. I have not forgotten that fifteen years ago I

performed a similar duty in connection with the fine statue of
the celebrated Charles Darwin, which is at the top of the stairs,

when it was similarly handed over to the British Museum. We
have heard to-day most eloquent and interesting speeches with
reference to that illustrious man of science and the great thinker,

the late Prof Huxley. It would, therefore, be both superfluous

of me, I may even say unbecoming in me, to sound his praises here
in the presence of so many men of science, who know more about
all his work than I do. I can only, on my own loehalf, endorse
everything that has fallen from the lips of those gentlemen whc
have spoken, and I beg to repeat the expression of the great

pleasure it has given me for the second time to have performed
the interesting ceremony of taking over the statue of another great

and illustrious man of science.

The statue is a colossal seated one of white marble, the
figure being represented in a doctor's gown, with the right

hand clasping one arm of the chair, and the left lying
across the other with the fist clenched. The pedestal is

of Verona marble on a black base, and bears upon its

face the name and dates of birth and death in simple
bronze letters.

The statue is a thoroughly successful work of art,

and stands out in bold relief to the dim mystery of
the recess in which it is placed. Though the expres-
sion of the face is perhaps a little severe, the features

are true to nature ; and when it is considered that the
artist was never privileged with a sitting in life, and that

the only material available to him were the death mask
and an assem.blage of none too favourable photographs,
it must be admitted he has done well. Great praise must
be given to the modelling of the hands, in which those
who knew the great philosopher intimately will recognise
a faithful portrayal of well-defined characteristics.

The first and main object of the Memorial has thus
been successfully achieved. As for those which re-

main, the award at the Royal College of Science is

to ^be known as the " Huxley Gold Medal," for the
"promotion of science in the directions in which Huxley
was distinguished," and especially for research to be
carried on in the laboratory which bears his name. It

has been further arranged that the use of the obverse
die shall be granted to the Anthropological Institute (of

which Huxley was practically the founder), in connection
with the establishment by that body of a Huxley Lecture-
ship, and a medal, for which they will furnish the re-

verse. Huxley's labours as an anthropologist are among
the most important of his scientific career, and it may
be questioned whether his " Man's Place in Nature,"
published against the advice of some of his friends, who
feared his " ruin " did it appear, does not now rank
among the best and most enduring of his works. His
influence as an anthropologist was great, and devotees
to that branch of science will hail with satisfaction this

decision to perpetuate his memory.

PRELIMINARY NOTES ON THE RESULTS
OF THE MOUNT KENYA EXPEDITION, 1899.

nPHE Mount Kenya Expedition left Nairobi, the then
^ head of the Uganda Railway, on July 26, 1899, and

returned to Naivasha, a station on the Uganda Road, on
September 29. Considerable difficulties were experienced
in the matter of commissariat, on account of the drought
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and famine prevalent throughout East Africa. For this

reason a longer sojourn on the mountain would have
been impracticable, even if other circumstances had
permitted of it.

Previous accurate knowledge of Mount Kenya rested

chiefly on the work of Captain G. E. Smith, R.E., who
had fixed the position of the peak, by triangulation along
the Uganda Road, and of Dr. J. W. Gregory, who, in

1893, ascended the south-western slope to a height which
appears to have been nearly 16,000 feet. An account of

the 1899 journey is given in the May number of the

Geos;raphicalJournal.
Mount Kenya is a vast flattened dome, seered with

radiating valleys. It rises from a plateau, the level of

which is 5000 to 7000 feet above the sea. Upon the

crown of the dome is a precipitous pyramid, the cleft

peak of which has an altitude of 17,200 feet. The entire

;«ai-^7/ measures about fifty miles from east to west and
forty miles from north to south. Its northern slopes are

crossed by the equator.

We made a plane table survey of the central portion

of the mountain, and connected it by route surveys with

Nairobi and Naivasha. The altitude of the central

peak was determined by boiling point and theodolite,

combined in four different ways, with an average result

practically the same as that obtained by Captain Smith
at a distance of ninety miles.

The central pyramid is the core of the denuded and
dissected volcano, a fact first suggested by the late

Joseph Thomson, who saw the mountain from the

Laikipian plateau. Although not yet examined in section,

the holocrystalline rock on the summit may probably

be identified with the nepheline syenite obtained

by Gregory at a lower level. The core must, therefore,

have risen considerably above the present peak, and if

allowance be made for still loftier crater-walls, the

original height of Kenya may have equalled that of the

still complete Kibo summit of Kilimanjaro.

The most significant point in the structure of the

mountain is the fact that, while the major axis of the

peak strikes west-north-westward and throws the glaciers

down northern and southern slopes, the chief water-

parting runs in a direction at right angles to this, past

the eastern foot of the central peak, with the effect that

the valleys are thrown off eastward and westward, and
that all the existing glaciers belong to the westward
drainage. From a series of rock specimens obtained at

widely separated spots on the summit of the craggy
ridge constituting the divide, it appears that the lie of

the water-parting has been determined by a system of

great dykes, which must almost have split the mountain
in two.

There are fifteen existing glaciers, of which two are

a mile in length, and the remainder are small. Their

lower ends descend to about 14,800 feet. Everywhere
and at all hours at the time of our visit the surfaces

were dry and crisp. Comparatively little water flowed

from them, and the' stream banks below gave small in-

dication of floods. The ice was intensely hard, and fed

by fine hail rather than snow. These facts may be ex-

plained by the meteorological conditions. Although the

air-temperatures were not very low at night, there was
then great radiation into the cloudless sky. In the after-

noon, on the other hand, a cloud cap regularly \varded

off the sunshine. The air was usually dry, the relative

humidity falling on more than one occasion to 54 per cent.

Evidence of past glaciation was frequent down to

1 2,000 feet both in the eastern and western valleys, and
there were occasional traces down to about 9000 feet. The
whole of the central part of the mountain, with the ex-

ception of the peak and the dividing ridge, must have

been buried under a sheet of glacier, more than compar-
able to that of Kilimanjaro, at a time later than the

erosion of the existing valleys.
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Snow was absent from the summit, and several species

t brilliantly coloured lichen were collected there. Ever-

lasting flowers grew in the rock chinks up to 16,500 feet.

In the upper Alpine zone were two distinct species of

giant groundsel and two of giant lobelia, seeds of which

have been brought home. The greater part of our dried

plants was lost, but the mosses and lichens were saved.

A series of photographs of the Alpine vegetation in

various stages of growth was taken by my colleague,

Mr. C. B. Hausburg.
Mr. Oldfield Thomas has described, before the Zoo-

logical Society, the skulls and skins of the mammals
collected by us. The most interesting is a new species

of Rock Dassy {Procavia Mackinderi), whose nearest

relative has recently been sent home from the Eldoma
Ravine by Mr. F. J. Jackson {P. Jacksoni). Apart from
these two species, no Rock Dassies have been found in

any part of East Africa, nor are they known further south.

P. Mackinderi appears to be isolated above the forest-

zone (7000-10,000 feet) on Mount Kenya. Anew Forest

Dassy was obtained from a lower level.

This mountain block and the Rift Valley may be the

necessary complements of one another.

Only a small collection of insects was obtained, chiefly

in Kikuyu, but Prof. Poulton informs me that it in-

cludes new species of Coleoptera, Forficulid^e and
Hymenoptera. H. J. Mackinder.

THE DUKE OF ARGYLL.
A MONG the losses which science is from time to time
^^ called upon to deplore, not the least serious arise

from the death of men of promment public position who
have taken an active personal interest in the advance of

natural knowledge, and have done their best to promote
it. The late Duke of Argyll was an eminent example of

this type of man. Heir of a long line of illustrious

ancestors, who for many generations have played a lead-

ing part in the stormy annals of their native country,

called early in life to the legislature where he mingled
conspicuously in the political conflicts of his time, full of

Kenya Peak, from the south-west.

The collection of birds has been described by Dr.
Bowdler Sharpe. It includes a new eagle owl, as large
as the European species, which feeds on the rats of the
Alpine zone of Kenya, and there are three other new !

species. Generally the birds are similar to those of
Mount Elgon, and in a lesser degree to those of Kili-

manjaro. This is strikingly indicated by the fact that
if Mr. Jackson had not explored Mount Elgon in 1890,

j

nearly every bird we obtained would have been new.
'

The few human inhabitants of Kenya are Wandorobo,
elephant hunters, who live in the forest up to its higher i

limit. On one occasion a party of them was seen at I

over 12,000 feet.

To west of Mount Kenya is the so-called Aberdare I

Range, traversed for the first time by the members of our I

expedition. It consists of two much denuded volcanic (

stumps, Nandarua and Sattima, rising to 12,900 and
13,200 feet respectively, and of a raised block, 9000 feet
high, defined by parallel fault scarps, which strike in

the same direction as the scarps of the Great Rift Valley.
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wide and generous sympathies which prompted him to

speak or to write on most of the great questions that

agitated the public mind during his long and brilliant

career, the Duke yet found time to read much and widely
in science, and to keep himself acquainted with the pro-

gress of scientific discussion and achievement. He was
happily gifted with a marvellous versatility, so that he
could turn rapidly from one sphere of thought and activity

to another far removed. Hence, amid the cares of State

and of the administration of a great domain, as well as in

the sorrow of domestic bereavement, he was often to be
found immersed in the perusal of some recent treatise, or

carrying on a research of his own in those parts of the

scientific field which more specially interested him.
Whether as an acute critic of the labours of others, or as

an observer of nature himself, his devotion to these pur-

suits remained a characteristic feature of his life from the

beginning to the end. It is difficult at present to define

with precision the extent and value of the services of such
a man in the progress of the science of his time. His
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own original contributions may be little in amount or im-

portance, but his example and his enthusiasm, together

with his political activity and his social rank, combine to

make him a force in the land, which powerfully aids

any good cause which he espouses. The death of

the Duke of Argyll is thus an event which must be
chronicled with sincere regret in the pages of a scientific

journal.

It was through geology that the Duke first came
practically in touch with science, and it was in geological

pursuits and criticisms that he found the most congenial

employment of his leisure moments. It is just half a

century since, on a visit to his property in the. Island of

Mull, he found that one of his tenants had gathered a
number of fossil leaves and plants from the rocks of the

neighbourhood. At once appreciating the geological

significance of these remains, he investigated their mode
of occurrence, and recognised their association with

sheets of lava and volcanic ashes. The plants were
pronounced by Edward Forbes to be probably of Miocene
age, and thus was securely laid the first stone of the

edifice that has since been reared in illustration of the

volcanic history of the Inner Hebrides. It is matter for

regret that the Duke never followed up this important

discovery.

Other geological fields attracted him, where he found
ampler material for the exercise of that critical acuteness

and the display of that forensic style of argument which
made his writings so lively and so pungent. He had
imbibed his earliest ideas of geological causation in the

school of the cataclysmists, and to these ideas he adhered
to the last. When the earlier views of Hutton and
Playfair with regard to the denudation and sculpture of

the land were revived and began to spread among the

younger men, the Duke raised his protest against them,
and poured on them the contempt and ridicule which
they seemed to him to deserve. As they grew in ac-

ceptance, both in this and other countries, and as their

advocates increased in number and in confidence, his

vehemence of declamation seemed to augment in pro-

portion.

Nor was this the only line along which the modern
tendency in geological speculation seemed to the Duke
to be running in an entirely wrong direction. When he
began to interest himself in these questions, Agassiz'

doctrine, that not only Britain but a large part of Europe
was once buried under land-ice, had not been generally

accepted. The geologists of this country preferred to

account for the phenomena by supposing that the land
had been submerged in a sea across which floating ice

drifted. The Duke of Argyll was never able to accept
the modern doctrine, except in a limited degree. He
admitted the former existence of local valley-glaciers,

but could not recognise the force of the evidence ad-

duced to show that not only the valleys, but the sur-

rounding hills had once been over-ridden by a vast sheet

of ice.

The rise of the modern school of evolution afforded the

Duke full scope for the exercise of his acute reasoning
power and keen critical faculty. In article after article,

address after address, and volume after volume, he sub-

jected the doctrines of that school to the closest scrutiny.

It may be freely admitted that he detected here and
there a fallacy, and pointed out a conclusion different

from, but not less probable than, that which his opponents
had drawn. But perhaps his most valuable service lay

in that border-land of philosophy and science in which
he specially loved to exercise his thoughts and his pen.

Even when men of science differed widely from his

his conclusions, they could not but admit that in his
" Reign of Law " and his " Unity of Nature," he showed
the wide range of his reading, the clearness and vigour
of his reasoning powers, the force and eloquence of
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hi§ style, the grasp he had of some of the more difficult

scientific problems of his day, the strong bent of his

nature towards metaphysics, and, above all, the lofty tone
of his sentiments in regard to the moral nature and
destiny of man.
The Duke of Argyll was essentially a man of action, ta

whom the stir of conflict and the stimulus of controversy
were not uncongenial. Even in his scientific discussions

he could not always quite forego the style in which he
vilipended the opposite party in the House of Lords or in

the public prints. He seemed sometimes hardly to

realise the full extent and meaning of the evidence which
he was criticising. In conversation, indeed, he might
appear for a time to be impressed by the force of this

evidence, and be willing to admit that the truth might,

perhaps, lie somewhere between his own views and those

to which he was opposed. But the force of early con-

viction or prepossession would, in the end, be too strong

for him, and possibly the next morning his opposition

would be found to be as complete and confident as ever.

Unflinching and resourceful as an antagonist, enforcing

with almost passionate enthusiasm what he held to be the
truth, independent and self-reliant alike in his opinions

and his actions, dignified and courteous after the manner
of an older time, he formed altogether a striking and
picturesque personality.

But the energy of the doughty debater was combined
with much personal kindliness even towards those from
whom he most seriously differed. Above all the other

features of his character there shone out an intense love

of nature and an eager desire to know more of her

processes and laws. Year after year the Duke would
spend weeks at a time in his yacht among the Western
Isles, which he loved with all the enthusiastic devotion of

one who was born and spent his youth among them.
He was familiar with that western coast from one end to

the other, under every change of sunlight and shadow.
He had sketched every peak and crag and island, and
he delighted to recall from his sketch-books the charm
with which these scenes had fascinated him. To all

their obvious attractions for the ordinary visitor his

geological knowledge enabled him to' join the fresh

interest which is given to them by an acquaintance with

the history of their remote past. In this way he kept
himself in touch with some of the aspects of nature that

most vividly appealed to his imagination. His poetic

temperament found refreshment in these frequently re-

newed sojourns amid the varied scenery of the West of

Scotland. As shown by his published writings, his wide
acquaintance with modern English poetry furnished him
with many an apt quotation and allusion. Tennyson's

poetry seemed to be particularly familiar to him, inscv-

much that a casual citation of a line or expression

from that poet by one of the company would some-
times lead the Duke to quote from memory the whole
passage. i

As the head of a great historic clan, the Duke of

Argyll was a true Scot, who had studied his country's

history both geological and political, and had made him-

self personally acquainted with a large part of its surface.

The geological problems that more particularly engaged
his attention were largely those which his own Highland
hills and glens had suggested to his mind. Now and then,

m the midst of an eager conversation, a Scottish word
or expression would come most readily to his lips as

conveying the meaning he wished to express. Of his

general services to the country at large this is not the

place to speak. But we may confidently anticipate that

when some future historian shall review the various

forces which have furthered the advance of science in

this country during the Victorian age, a well-marked

place will be assigned to the services rendered by the

Duke of Argyll. A. G.
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PROF. A. MILNE-EDWARDS.

IT is with sincere regret that we have to record the

death, at the age of sixty-four, of Prof. Alphonse
Milne-Edwards, the Director of the Paris Museum of

J^atural History, which took place at Paris on Saturday,

April 21, after a brief illness. The late professor was of

English descent, being the grandson of Mr. Bryan
Edwards, M.P., a West Indian planter who settled at

Bruges ; and, with this ancestry, it is curious to note how
extremely imperfect was his colloquial knowledge of the

English language. His father. Prof Henri Milne-

Edwards, was the well-known eminent zoologist of Paris,

who died in 1885; and father and son were for many
years associated in zoological work.

Born in Paris in 1835, Alphonse Milne-Edwards took

his medical degree in 1859, and was nominated Pro-

fessor at the School of Pharmacy in 1865. In 1876 he
acted as deputy for his father as Professor of Zoology
at the Jardin des Plantes ; in the following year he suc-

ceeded the late Prof. P. Gervais as a member of the

Institute of the Paris Academy of Sciences ; and in 1885

he entered the Academy of Medicine. In 1891, being
already Professor of Zoology, he was appointed Director
of the Paris Museum of Natural History and of the

Menagerie in the Jardin des Plantes ; his ofificial title

as regards the latter post being Administrateur charge
de la Direction de la Menagerie au Mus^e d'His/oire
natiirellc.

Having published, in 1864, an important memoir on
the anatomy and affinities of the Chevrotains, and a

second, in 1866, on the osteology of the Dodo, in 1867
Milne-Edwards issued the first fasciculus of his magnifi-

cent work, entitled " Recherches Anatomiques et Paleon-
tologiques pour servir k I'Histoire des Oiseaux Fossiles

de la France," which was completed in four volumes
(two of text and two of plates) in 1872. As mentioned by
Prof. A. Newton, this monumental work marked an epoch
in ornithology, for it showed the possibility of forming a
classification of birds by means of their "long bones."

Much interest was excited by the identification in this

work of remains ofpeculiar existing .African and Malagasy
genera of birds in the French Tertiaries. While this

work was in progress, Alphonse Milne-Edwards was
associated with his father in bringing out the " Re-
cherches pour servir a I'Histoire naturelle des Mammi-
feres," which was commenced in 1868 and completed m
1874. A large proportion of the latter was devoted to

the description of new types of mammals from Central
Asia, among them being the many strange forms, like

Aeluropus, then recently obtained by Pere David in the

Moupin district of Eastern Tibet. The period from 1866
to 1874 also saw the issue of " Recherches sur la Faune
ornithologique eteinte des fles Mascareignes et de
Madagascar." And the late professor's interest in the

Malagasy fauna was likewise shown in a paper on the

embryology of the Lemurs, published in 1871, and in his

contributions to Grandidier's " History of Madagascar,"
still in course of publication.

But it would be a mistake to suppose that the re-

searches of Prof. Milne-Edwards were by any means
restricted to mammals and birds. From an early period
in his career his attention had been directed to the study
of zoophytes and crustaceans ; and later on he had atten-

tively studied the animals adherent to submarine cables,

which had been raised after a sojourn at the bottom of
the sea. With this latter subject the study of the ocean
floor was intimately connected. And in 1880 he brought
before his Government the advisability of fitting out an
expedition for submarine surveying, with the result that

in the following year a party of savants, under his own
direction, embarked on the Travailleiir to survey the
Gulf of Gascony. The results obtained were so impor-
tant that the same vessel was again put at the disposal
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of the professor, who completed the survey of the Gulf
of Gascony, and explored the sea-bottom of the Strait

of Gibraltar and of a considerable portion of the Medi-
terranean. In 1882 the TV^t^a/Z/^wr undertook a survey-

ing voyage of the Atlantic as far as the Canaries. The
year following the Talisman took the place of the Tra-
vailleur, and carried Prof. Milne-Edwards and his

associates to the coasts of Portugal, Morocco, and the

Canary and Cape Verde Islands, and then on to the

Sargasso Sea, whence it returned by way of the

Azores. The results of these dredging expeditions were
published under the title of " Expeditions scientifiques

du Travailleur et du Talisman pendant les anndes 1881,

1882 et 1883."

For these deep-sea explorations, Milne-Edwards was
awarded the gold medal of the Royal Geographical
Society. In 1876 he was elected a Foreign Member of

the Zoological Society of London, and in 1882 a Foreign
Correspondent of the Geological Society. He paid
several visits to England, the last on the occasion of the

Zoological Congress at Cambridge in 1898. R. L.

NOTES.
The funeral of the Duke of Argyll will take place at the

family burial ground, Kilmun, on the Holy Loch, on Tuesday

next, May 8.

The annual conversazione of the Institution of Electrical

Engineers will be held at the Natural History Museum, South

Kensington, on Tuesday, June 26.

The Duke of Cambridge, president of the Sanitary Institute,

will occupy the chair at the Institute dinner on Friday,

May II.

The University of Gottingen has awarded the Volbrecht

prize for scientific research to Dr. Gegenbauer, professor of

anatomy at Heidelberg. The prize is of the value of 12,000

marks (600/,)

To commemorate the foundation of the k. k. geologischen

Reichsanstalt of Vienna, in 1849, a jubilee meeting will be held

in the great hall of the Institute on June 9, and representatives

of science or of scientific institutions are invited to be present.

The Botanical Gazette records the death by drowning, in

September last, of Prof. Kyokichi Yatabe, the founder of the

Botanical Society of Japan.

The annual meeting of the American Association for the

Advancement of Science will be held at Columbia Universtity,

New York, from June 25 to June 30.

We learn, from the American Naturalist, that the herbarium

and the principal part of the botanical library of Columbia Uni-

versity have been transferred to the New York Botanic Garden,

and that, in future, the advanced work in botany of the Uni-

versity will be carried on in the laboratory of the Garden.

The British Medical Journal states that the tenth award of

the Riberi prize of 20,000 lire (800/.) will be made by the Royal

Academy of Medicine of Turin on December 31, 1901, for the

best printed or manuscript work, or the most important dis-

covery, during the quinquennium 1S97-1901, in the domain of

experimental pathology, hygiene, or forensic medicine.

The Franklin Institute has awarded John Scott medals and

premiums to Mr. A. V. Groupe for his improved braiding

machine, to Messrs, C. A. Bell and S, Tainter for their inven-

tion of the graphophone, and to Mr. A, M. Hopkins for his

pneumatic system for preventing the bursting of water-pipes by

freezing. Elliott Cresson medals have been awarded to Mr.
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L. E, Levy for his acid-blast method of etching metal plates ; and

to Prof. W. O. Atwater and Mr, E. B. Rosa for their respir-

ation calorimeter.

The Daily News states that Lieut. R. E. Peary has for-

warded some interesting relics to the Royal Naval College,

Greenwich. These consist of the sextant left behind in Repulse

Harbour by Lieut. Beaumont in 1876, and subsequently

recovered by Lieut. Peary, and the original record deposited in

a cache by Sir George Nares on Norman Lockyer's Island in

1875. The great meteorite which Lieut. Peary brought back

from his last Arctic expedition still remains on the Cob Dock of

the Brooklyn Navy Yard. The meteorite weighs- 200,000

pounds, and Lieut. Peary wishes to obtain 15,000/. for it.

The Trinity House steam vessel Irene, with the deputy

master, Captain G, R. Vyvyan, on board, accompanied by a

committee of the Elder Brethren and their scientific adviser.

Lord Rayleigh, has proceeded to the Bristol and English

Channels in order that special surveys in connection with new

lighthouse works, and observations on both English and French

lights from seaward, may be made.

The death is announced of Mr. G. V. Ellis, who succeeded

Prof. Quain as professor of anatomy in University College,

London, in 1850, an appointment which he held for twenty-

seven years, resigning in 1877, when he was appointed Emeritus

Professor. Mr. Ellis was co-editor with the late Dr. William

Sharpey of the sixth edition of " Quain's Elements of Anatomy,"

published in 1856, and the author of several works for students

of anatomy.

Among the items included in the Prussian Budget is a sum

of 7,300,000 marks, for the purchase of lands in Berlin, on

which is to be erected a building for the Academy of Sciences

and the Royal Library. The value of the land is estimated at

more than 11,000,000 marks, but about 3,000,000 marks is

obtained by the exchange of other property, and i,ooo,oco

marks is to be voted next year,

A summer meeting of the Anatomical Society of Great

Britain and Ireland will be held at the Owens College,

Manchester, on Thursday and Friday, June 21 and 22. Op-

portunities will be afforded to members of seeing things of

local interest during their visit to Manchester. An excursion to

the Lake District will be arranged, and members who desire to

join the party are requested to inform the local secretary, Dr.

Peter Thompson, the Owens College, Manchester.

A committee composed of many eminent men of science in

France has been formed for the purpose of obtaining funds for

the erection of a modest monument at Langres in honour of

Auguste Laurent, the renowned chemist. Laurent was born at

La Folie, near Langres, in 1808, and in 1831 became assistant

to Dumas, under whom he acquired a special knowledge of

organic chemistry, and carried on his original researches on

naphthalene and carbolic acid, together with their derivatives.

After filling various posts, the last of which was a chemical

professorship at Bordeaux, Laurent became Warden of the

Mint at Paris, where he remained in intimate connection with

Gerhardt until his death in 1853. Subscriptions for the pro-

posed monument should be sent to the treasurer of the

Committee, M. Caublot, 45 rue de Belleville, Paris.

Mr. James Mansergh has been elected president of the

Institution of Civil Engineers, in succession to Sir Douglas Fox.

Sir William White, K.C.B., F.R.S., Mr Charles Hawksley,

Mr. J. C. Hawkshaw, and Mr. F. W, Webb have been elected

vice-presidents. The following awards have been made for

papers read and discussed before the Institution during the past

session :—A George Stephenson medal and a Telford premium
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to Sir Lowthian Bell, Bart., F.R.S. ; Telford medals and
premiums to Messrs. H. H. Dalrymple-Hay, B. M. Jenkin,

F. W. Bidder and F. D. Fox ; a Watt medal and a Telford

premium to Mr. J. Dewrance ; a Crampton Prize to Sir Charles

Hartley ; and Telford premiums to Messrs. C. N. Russell and
R. A. Tatton. The presentation of these awards, together with

those for papers which have not been subject to discussion, and
will be announced later, will take place at the inaugural meeting

of next session.

American ethnology has been deprived of a prominent

worker by the death of Mr. Frank H. Gushing. Mr. Gushing,

says the Scientific Af?ierican, was born in 1857, at Northeast, Pa.,

and when he was only eighteen years of age his work was

brought to the attention of the late Mr. Spencer F. Baird, who
was then Secretary of the Smithsonian Institution, and in 1875

he went to Washington as an assistant in that institution. He
had charge of the ethnological exhibit at the Centennial Ex-
position of 1876, and in 1879 he accompanied an expedition

from the Smithsonian Institution to investigate the Pueblos of

New Mexico, and at his request was left at the Pueblo of Zuni,

where he lived almost continuously for six years. He returned

to Washington in 1884 and began to work up his voluminous

notes. Two years later he was made Director of the Hemenway
South-western Archaeological Expedition. Extensive excava-

tions were made in South Arizona and New Mexico, and the

large collection of objects of prehistoric art which he gathered

is in the Peabody Museum at Cambridge, Mass. This work

took up two and one-half years of his time, and then Mr.

Gushing returned to the United States Bureau of Ethnology to

supervise a memoir on the Zuni myths printed by the Bureau.

Three years later he became director of the expedition fitted

out by Mrs. Phoebe A. Hearst and the late Dr. William

Pepper, conducted under the auspices of the National Museum,

the Bureau of Ethnology and the University of Pennsylvania.

The motion for the second reading of the Sea Fisheries Bill

in the House of Commons, on Monday, resulted in a lively dis-

cussion. The Bill prohibits the sale of flatfish below a specified

size, and its rejection was moved on the grounds that it would not

have the effect of preventing the destruction of immature fish,

or of increasing the supply of fish. In the course of the discus-

sion, an honourable member said that the whole of the trouble

arose from the institution of a number of committees composed

of farmers, lawyers, and captains of the horse, foot, and artillery,

who knew little of fishing, and who ventilated strange theories

and supported them with portentous and irrelevant statistics.

This remark was used as an argument against the Bill, but it

may also be taken to mean that if fishery matters were controlled

by scientific men familiar with the natural history of the sea, and

questions concerning fisheries were referred to marine biologists,

recommendations would be made upon which reasonable regu-

lations might be based. Board of Trade statistics prove that

there is a large destruction of immature fish, and that the quantity

of fish landed has decreased during recent years. The Govern-

ment, wishing to preserve a great national industry, have put for-

ward the present Bill, which is really the Undersized Fish Bill of

last year, and has appeared under various other titles in previous

years. The discussion upon the Bill was not completed whea

the House adjourned on Monday.

The report presented at the anniversary meeting of the Zoolo-

gical Society, held on Monday, stated that the number of Fellows

of the Society at the end of last year was 3246. The total in-

come of the Society during the past year was 28,880/. The

average annual receipts of the Society for the previous ten years

have been 26,370/., so that the receipts for 1899 exceeded that

average by 2509/. The number of visitors to the Society's-
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Gardens in 1899 was 696,707. The number of animals now

living in the Gardens is 2753, of which 821 are mammals,

1471 birds, and 461 reptiles and batrachians. Amongst the

additions made during the past year, thirteen were specially

commented upon as being of remarkable interest, and in most

cases new to the Society's collection. Of these, by far the most

noticeable objects exhibited for the first time were the pair of

Grevy's zebras placed under the care of the Society by Her

Majesty the Queen. These animals, which had been presented

to Her Majesty by the Emperor Menelik of Abyssinia, were

brought down to Zeila, on the coast of Somaliland, under the

care of Captain J. L. Harrington, the British Political Agent.

At Zeila they were handed over to the Society's assistant super-

intendant, Mr. Arthur Thomson, who had been sent there by

the Council at the request of the Foreign Office on purpose to

receive them, and by him they were landed safely in London on

August 14 last year. The Council also called special attention

to the young male giraffe, acquired in April 1899, by purchase,

for the sum of 800/. It is believed that this animal, together

with the female purchased in 1895, form the only pair of young

giraffes now to be found in any of the zoological gardens in

Europe. The works in connection with the new bore at the

well and the new machinery for pumping were completed last

year. The new water supply has been further improved by the

construction of a second and larger reservoir, so that an excellent

supply of water will henceforth always be available in every part

of the Gardens.

Mr. F. W. Haselgrove sends us a photograph of a robin's

nest in a water-can, with the bird sitting upon its eggs, now to

be seen at Finchley Cemetery. Robins are well known to build

their nests frequently in curious places, one of the most remark-

able instances on record being that of a nest in a battered beer-

can between the rails over which trucks were continually

passing at Worthing railway station. Flower-pots and water-

cans appear to be favourite nesting-places of the birds.

There are reasons for believing that the Scandinavians dis-

covered America and settled in Massachusetts in pre-Columbian
days. The evidence consists in the occurrence of certain ruins

which correspond closely with ruins of the Saga-time in Ice-

land, but which differ from native dwellings and early European

NO. 1592, VOL. 62I

ruins on the coast ; and also in the correspondence in the

physical features of the Massachusetts coast with the description

of the country called Vinland in Icelandic literature. This

evidence has recently been brought together in an illustrated

article by Miss Cornelia Ilorsford in Appleton's Popular Science

Monthly.

The recent Norwegian earthquakes are studied by Mr. J.

Rekstad in a paper published in the Bergens Museums Aarhog

(1899, No. iv.). During the four years 1895-1898, the number
of recorded earthquakes is 77, the corresponding number for

Great Britain being 24, and for Greece, 1652.

A SLIGHT earth-shake occurred near Manchester at about

1.17 a.m. on April 7. It was felt at Pendleton, Pendlebury,

Seedley, Salford and other places in the immediate neighbour-

hood of the Irwell Valley fault. The small disturbed area and
the rather marked intensity of the shock point to a local origin,

probably connected either directly or indirectly with the extensive

coal-workings of the district. On February 27, 1899, a similar

earth-shake was felt at the same places (see Nature, vol. Ixi,

P- 546).

We have received a reprint 01 a paper, published in the

Bulletin of the Geographical Society of Philadelphia, " On the

Nicaragua Canal in its Geographical and Geological Relations,"

by Prof. Hugelo Heilprin. The paper, which is illustrated by
maps and photographs, discusses (i) the volcanic phenomena of

the region of the proposed canal ; (2) an assumed inconstancy in

the level of Lake Nicaragua ; and (3) the deformation of the

Nicaragua coast-line. After pointing out the marked deficiency

of trustworthy information concerning the region, especially

with regard to lake and river topography and hydrography

and dynamical geology, the author concludes that "the facts

that are known render doubtful, or at least open to question,

the advisability of constructing, or even the practicability, of a

canal such as is contemplated." . . .
" It may, perhaps, be pro-

perly questioned whether, if the canal had been constructed a

hundred years ago, along the site that is now being contem-

plated, it would be in existence to-day."

The current number of La Geographie contains a sugges-

tive paper on the variation of the limits of the Mediterranean

region, by M. Gaston Bonnier. It is pointed out that at-

tempts to define the boundary from geological considerations

have proved unsatisfactory, and that the region is more clearly

distinguished by its climate. This may be traced in the flora,

the Mediterranean region being roughly taken in France as the

region of the olive. M. Bonnier contends that it can be more

closely followed, especially in certain regions, by reference to

other plants, and discusses a number of interesting observations

with regard to exposure and elevation.

At the close of an address recently delivered as president or

the Anthropological Society of Washington, Mr. W. J. McGee
enunciated the cardinal principles of science as follows :

—" The
indestructibility of matter, the contribution chiefly of chemistry ;

the persistence of motion, the gift mainly of physics ; the de-

velopment of species, the offering of the biotic sciences ; the

uniformity of nature, the guerdon of geology and the older

sciences ; and the responsivity of mind, the joint gift of several

sciences, though put in final form by anthropology." These

principles are comprehensive enough, but they will not satisfy all

students of epistemology, so much depends upon the point of

view occupied.

The manufacture of silk cord from spiders' web seems likely

to attain commercial importance, for we learn through the

Board of Trade Journal that one of the most novel exhibits in

the Paris Exposition will be a complete set of bed-hangings
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manuiactured in Madagascar from the silk obtained from the

halabe, an enormous spider that is found in great numbers in

certain districts of the island. The matter has been taken up

by M. Nogue, the head of the Antananarivo Technical School.

The results he has already achieved show that the production

of spider silk should quickly become a highly important industry.

Each spider yields from three to four hundred yards of silk.

After the thread has been taken from the spiders they are set

free, and ten days afterwards they are again ready to undergo the

operation. The silk of these spiders, which is of the most ex-

traordinary brilliant golden colour, is finer than that of the silk-

worm, but its tenacity is remarkable, and it can be woven without

the least difficulty.

We have received from the Agricultural Department of the

Economical Society of Youriev (Dorpat) a report upon the

results of rainfall and temperature observations made in the

Baltic Provinces of Livonia and Esthonia during 1898. This is

the thirteenth year of publication ; the report contains a large

amount of very useful statistics, including monthly and yearly

means and the number of rainy days at no less than 203 stations.

The same information is also shown very clearly in a graphical

manner, together with a comparison of the year's results with

a ten years' average. We note that the publication of the

results for the year 1899 may be expected very shortly.

The Weather Bureau of the United States has published a

valuable discussion of the climate of San Francisco {Bulletin

No. 28), by Messrs. A. G. McAdie and G. H. Willson. The

work is based upon observations collected during the last thirty

years, and the results are given in considerable detail on account

of the important position of the town and the peculiarity of its

climate. The authors state that if a native of San Francisco

were asked which was the coldest month of the year, he might

be unable to answer, and if asked which was the warmest, he

might say November. This arises from the comparative small

range of temperature ; the mean annual temperature is about

56 '2°. May and November have practically the same tempera-

ture ; the warmest month is September, 6o"9°, and the coldest

January, 50'i°. The highest temperature recorded was 100°,

in June, 1891, and the lowest 29°, in January, 1888. The
mean of the three consecutive warmest days has never exceeded

76 '3°, and the mean of the three coldest days was 407°. The
annual rainfall is 23 inches. July and August are practically

without rain, while December and January together have nearly

10 inches.

A SERIES of Lower Silurian fossils from Baffin Land, in the

region between Hudson Bay and Davis Strait, has been described

and figured by Mt. Charles Schuchert {Proc. U.S. Nat.

Museum, vol. xxii. 1900). The fossils belong to the Trenton

group, and the strata rest unconformably on old crystalline rocks.

The author notes the early introduction in the Baffin fauna of

Upper Silurian genera of corals, such as Halysites. He also

remarks that the corals, brachiopods, gasteropods and trilo-

bites have a wide distribution, and are less sensitive to differing

habitats than the cephalopods or lamellibranchs.

In an article on the Dwyka Coal-measures (
Trans. S. African

Phil. Soc. vol. xi.), Mr. E. J. Dunn points out that the Dwyka
conglomerate, which occurs at the base of the coal-bearing series,

is a most valuable horizon, and that its length of outcrop exceeds

2,000 miles. This is shown on an accompanying map. Within

\}[\\s, OMXcxo^t co2\ may be present zX varying depths over an im-

mense area, extending from the southern part of the Transvaal

to Kimberley and near East London. Borings alone can decide

if profitable seams occur, and if so, at what depths.

It is well known that the blood of animals that have been

poisoned with carbonic oxide loses its power of absorbing

oxygen. Dr. Adolfo Moutuori, writing in the Reudiconto. of
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the Naples Academy, describes experiments tending to explain

the fact that dogs are capable of surviving the injection into

their veins of a quantity of carbonic oxide far greater than would

poison them if inhaled. It is found that the poisoned blood

reacquires its power of absorbing oxygen when it is brought

into contact with the pulmonary tissues, but not otherwise.

The statics and dynamics of pseudospherical space in three

dimensions form the subject of a memoir by Prof. D. de Fran-

cesco in the Reudiconto of the Naples Academy. Defining the

co-ordinates of a point as the hyperbolic sines of the perpendi-

culars on three principal orthogonal planes of reference, the

author introduces the conception of the moment of a force with

regard to a point, analogous to the moment in ordinary statics,

and, in addition, the new notion of the co-moment, of which an

analytic expression is given. By representing forces by the

hyperbolic sines of segments measured on their lines of action

the equation of virtual work is established, and by applying

this equation to a rigid system the author determines the six

characteristics, the central axis, and the invariants. Starting

from the conception of the co-moment, the problem of dynamics

is treated by the method of Poinsot. Two invariants are found,

and the conditions for their vanishing lead to remarkable

geometrical properties, which do not exist in ordinary mechanics.

The same author discusses in the Atti dei Lincei the kindred

problem of integration of the differential equations of free motion

of a rigid body in space of constant curvature.

Mr. J. E. Griffith, of Bangor, author or the " Flora of

Carnarvonshire and Anglesey," proposes to publish a series of

photographic reproductions of the cromlechs of these two

counties of Wales. The series will contain forty-three photo-

graphs of thirty-six different cromlechs.

A rumoured project of reclaiming Wicken Fen in Cambridge-

shire, forming the subject of a recent leader in the Standard,

once more raises the question as to the desirability of acquiring

by public subscription this last remaining habitat of the old

fauna and flora of the Fen district, and thus saving them from

extinction. Such a project was suggested some time ago by

Mr. Carrington, the editor of Science Gossip, and it is much to

be hoped that a movement may be set on foot for the purpose

before it is too late.

We have received No. 3 (vol. i.), for April, of Climate, " a

Quarterly Journal of Health and Travel," edited by Dr. C. F.

Harford-Battersby. The periodical is the organ of the Travel-

lers' Health Bureau, the object of which is to supply to inquirers

information of every kind connected with the health and comfort

of travellers and of residents in unhealthy climates. Among the

original articles in the number before us is a very interesting

one on " Gardening in West Africa," by Miss Kingsley, and a

rhumi of the facts at present ascertained connecting malafia

fever with the pa asite of the mosquito. A short paper on

"European Children in Tropical Climates," by Dr. G. D.

McReddie, will be read with interest by many.

A " Flora of Bournemouth " is announced for early publi-

cation by the Rev. E. F. Linton, of Bournemouth (subscription

price, 75. dd.). The area taken is a radius of twelve miles, and

includes portions of the counties of Hants and Dorset, with the

Isle of Wight. The total number of flowering plants and

Pteridophytes is stated as 1137.

In the Naturwissenschaftliche Wochenschrift for April 15,

Prof. M. Mdbius gives an interesting account of pigments in the

vegetable kingdom. Commencing with the colouring matters

of fungi and lichens, he proceeds to those in the various groups

of Algse, and then to the pigments of Muscineoe, Pteridophytes,

and Phanerogams, contained in the stem, root, leaves, flowers,
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and fruits. He regards chlorophyll and haemoglobin as antago-

nistic substances, the one characteristic of the vegetable, the

other of the animal kingdom.

To the Sitzuiigsberichte of the Berlin Academy for March 15,

Dr. K. von Mobius, the director of the Zoological Museum,

communicates a suggestive paper on our perception of the

Lvsthetic proportions of various mammals.

The April number of \}n^ Journal of Anatomy and Physiology

contains the full text of the paper read by Dr. Albert Gray at

the last meeting of the British Association on Helmholtz's

theory of hearing. The author proposes a modification of the

theorj- of the German investigator, according to which a re-

markable analogy between the senses of hearing and touch is

shown to exist.

In the last issue of the Transactions of the South African

Philosophical Society, Dr. R. Marloth gives the results of his

investigations as to the mode of growth of the barnacle infesting

the Southern Bight Whale. Were it not for some special pro-

vision, the growth of the epidermis beneath, coupled with the

\ earing away of the outer layer, would soon cause the parasite

i be shed, and, as a matter of fact, this actually takes place

with the dead shells. The living barnacle cannot, however, be

discarded in this manner, since it dissolves the part of the epi-

dermis with which its skin is in contact at the same rate at which

fresh epidermal tissue is formed below. Consequently the layer

of epidermis between the barnacle and the true skin never varies

in thickness, and the parasite accordingly retains its position, the

shell disintegrating at the apex at the rate at which it grows at

the base.

MM. Gauthier ViLLARS, Paris, have published the third

revised edition of the " Traite elementaire d'Electricite avec les

principales Applications," by M. R. Colson.

Mr. Felix L. Dames, Berlin, has issued a catalogue of

books and papers on astronomy, geodesy, meteorology and re-

lated sciences, which he has acquired from the library of the

late Dr. H. Romberg, and offers for sale.

The seventh edition of the late Prof. Milnes Marshall's well-

known and practical manual on " The Frog : an Introduction

to Anatomy, Histology, and Embryology," edited by Dr. G.

Herbert Fowler, has been published by Mr. David Nutt. The
chief addition consists of a new series of woodcuts in illustra-

tion of the development and metamorphosis of the frog.

The " Handbook of Jamaica," compiled by Mr. T. L. Rox-

burgh and Mr. J. C. Ford, and published by Mr. Edward

Stanford, is filled with historical, statistical and general in-

formation concerning the island. We notice that the magnetic

declination, which was 6' 30' E. at the end of last century, and

has been steadily decreasing since then, is now only 1° 24' E.,

and in 19 10 its value will be zero.

In the course of a few weeks, Mr. Gustav Fischer, Jena, will

commence the publication of " Aus den Tiefen des Weltmeeres,"

an elaborate work in which Prof. Carl Chun will describe and

illustrate the German deep-sea expedition to Antarctic waters.-

The work will be published in twelve parts, the first of which

will appear during this month and the last in November.

A sixth edition, revised and enlarged, of " A Text-book of

Assaying," by C. and J. J. Beringer, has just been published by

Messrs. Charles Griffin and Co. Mr. J. J. Beringer is responsible

for the revision of this handy book for assayers ; and he remarks

in the preface: "The principal changes in this edition are

additions to the articles on gold, cyanides and nickel, and a

much enlarged index. The additional matter covers more than

forty pages."
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Scientific students and investigators in Melbourne should

be grateful to Mr. T. S. Hall for the " Catalogue of the

Scientific and Technical Periodical Literature in the Libraries

in Melbourne," which he has prepared. Besides periodicals,

the list includes reports of scientific societies, as well as Govern-

ment reports and Parliamentary 'papers of scientific import.

The catalogue will be a very useful guide to scientific literature

accessible in Melbourne and its suburbs.

The sixteenth part of Mr. Oswin A. J. Lee's fine wor.k,

" Among British Birds in their Nesting Haunts, illustrated by

the Camera," has just been published by Mr. David Douglas,

Edinburgh. The birds illustrated and described are the black-

cap, bullfinch, short-eared owl, yellow wagtail, stock dove,

pintail, wryneck, and lesser whitethroat. The present part

completes the fourth volume, and it is hoped that the whole

work will be finished in the course of a few months.

At the meeting of the Chemical Society on June i, 1899,

Prof. Sydney Young, F. R. S. , described a series of tests made

by him to determine the relative efficiency of various forms of

still-heads for fractional distillation. The design of several new

still-heads, superior in many respects to those in common use,

was an outcome of the investigation ; and chemists will be glad

to know that Messrs. J. J. Griffin and Sons have now placed

these improved forms upon the market.

The additions to the Zoological Society's Gardens during the

past week include a Mozambique Monkey {Cercopithecus pyge-

rythrus, ? ) from Uganda, presented by Lady Ashburnham ; two

Leopards {Felts pardus, <J 9 ) from India, presented by Mrs. C.

Simpson ; a Tawny Owl (Syrnium aluco) from Scotland, pre-

sented by Mrs. C. M. Blackwood ; six Common Vipers ( Vipera

berus) from Dorsetshire, presented by Mr. A. Old ; nine Natter-

jack Toads {Biifo calamita) from Norfolk, presented by Mr.

J. B. Thornhill; a Sykes's Monkey {Cercopitkecus albigu-

laris, 9 ), a Flap-necked Chameleon {Chainaeleon dilepis) from

East Africa, a Cactus Conure {Conurus cactorum) from Bahia,

deposited ; two Gold Pheasants
(
Thaumalea picta, 29), two

Silver Pheasants {Euplocamtis nycthemerus, 29), two Cabot's

Horned Tragopans [Ceriornis caboti, $<i) from China, two

Germain's Peacock Pheasants {Polyplectron germaini, <J 9) from

Cochin China, two Japanese Pheasants {Phasianus versi-

color, (5 9), two Soemmerring's Pheasants {Phasianus soemmer-

ringi, 6 ? ) from Japan, three White-backed Trumpeters

{Psophia leucopte7-a) from the Upper Amazons, four Wonga-

Wonga Pigeons {Leucosarcia picata) from New South Wales, a

Musky Lorikeet [Glossopsittacus concinnus) from Australia,

three Blue-crowned Hanging Parrakeets (Loriculus galgulus)

from Malacca, an Ural Owl {Syrnium uralense). North-east

European ; a Great Wallaroo {Macropus robustus, 6 ) from

South Australia, a Barbary Wild Sheep (Ovis tragelaphus,i)

from North Africa, purchased ; a Yak {Poephagus grumtiens, 6 ),

born in the Gardens.

OUR ASTRONOMICAL COLUMN.
New Variable in Taurus.—In the Astronomische Nach-

richten (Bd. 152, No. 3635) M. W. Ceraski, of Moscow, an-

nounces the discovery of another new variable by Madame
Ceraski during her examination of the plates taken by M. S.

Blajko. The star's position is :

—

R.A. Decl.

5 33 1
7
'33 •• +26 18 58-3 (1900)

5 30 2956 ... -1-26 17 7-9 (1855)

The star is not found in the b.D. At its maximum it is of

90-9-5 mag. ; at minimum, about 12 mag. or less. On 1900

March 29, it was at the limit of visibility in a telescope of 4-5

inches aperture.
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Search Ephemeris for Eros.—In view of preparing for

observations of this minor planet during the coming opposition,

the following ephemeris has been prepared by J. B. Westhaver
from the elements computed by H. N. Russell {Astronomical

Journal, No. 479, vol. xx. p. 185).

Time.

May 3 ... 23 2 o-i ... -4 o 25 ... 13-4

1
3

-.3

Eph
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In order to prepare non-splintering silica from native masses

of rock crystal, the latter must be heated in a Bunsen flame,

unless they are already perfectly clean, until the outer impure
layers can be removed easily by a blow from an iron pestle or

hammer. The clean masses of silica must then be heated in a

vessel containing boiling water for some time, and dropped
whilst hot into clean cold water. This treatment will cause the

masses to crack to such an extent that they may easily be
broken into fragments of convenient dimensions by sharp blows
from a clean hammer. When the material has thus been broken
up, the fragments must be examined one by one, and all those

which contain foreign matter must be rejected. Finally, the

selected fragments must be heated to a yellow-red heat in a

platinum dish, and then quickly thrown into deep cylinders con-

taining cold distilled water. After the quartz has been treated

in this manner twice, it will be found to be semi-opaque
and very much like a white enamel in appearance. It

may now be brought safely into the oxy-gas flame, or be pressed

suddenly against masses of white-hot plastic silica without any
preliminary heating, such as is necessary in the case of the

natural quartz. These processes do not occupy much time, and
the use of the prepared material saves a great deal of time and
trouble at the subsequent stages. We have tried unprepared
opal and natural cloudy quartz, but both these splinter badly.

The Blowpipe.—We have worked silica both in the flame of
an ordinary " blow through " jet, and in the flame of a good
•'mixed gas" burner. We find the latter gives by far the

more satisfactory results. The large " blow through " burners,

such as may be used for welding and melting iron, or for melting
platinum, do not give satisfactory results, from an economical
point of view, with silica.

Some necessary precaiilioiis.—In working silica it is neces-

sary to use very dark glasses to protect the eyes. The darkest
glasses usually supplied by spectacle makers are not, in our expe-
rience, satisfactory. We use spectacles made specially from
glass so strongly darkened, that it is difticult at first to work
with them at all. We lay some stress on this matter, as we are
satisfied that want of care in selecting the spectacles would be
likely to result in injury to the sight of any one who should
work silica before the blowpipe frequently, and for long spells.

Relative difficulty of working Glass and Silica.—The
fashioning of apparatus from silica before the blowpipe is expen-
sive, for the consumption of oxygen is large, and it demands
some patience to build up large pieces of apparatus from
shapeless masses of quartz. But owing to the remarkable fact

that properly prepared silica, and also silica rendered vitreous

by fusion, may be plunged directly into the hottest part of the
oxy-gas flame, and afterwards be suddenly cooled, and reheated
and recooled, apparently as frequently as one pleases, without
any risk of its cracking, it is really very much easier to manipu-
late silica than any variety of glass. The most careless and most
inexperienced worker runs no risk of breaking his apparatus
through want of skill in managing the flame, or through the
exigencies of his affairs compelling him to put aside half-finished

work. It is important, however, to apply the flame to the
opaque prepared silica, in the first instance, in such a way as to

avoid the forming of air bubbles. Our practice is to heat
first the lowest surface of each fresh mass of silica, and to take
care that fusion proceeds regularly from below upwards. If this

be done, a perfectly clear glass-like product is obtained.
Silica is very liable to exhibit a phenomenon resembling

devitrification, especially at the earlier stages before the traces
of sodium and lithium, which seem to be present in most quartz,
have been expelled. In order to avoid permanent injury to

the finished work from this cause, care must be taken to employ
a quiet flame. If this be done, any devitrification that may
appear will be removed easily by reheating the disfigured

1 surfaces.

Jo make Silica Tubes.- Before one commences to construct
apparatus of silica it is well to prepare a stock of the vitreous
material in the form of rods about i mm. in diameter. These

j

are made by holding a small lump of non-splintering silica in the
flame, by means of forceps with platinum tips, so as to melt one
corner of the mass, pressing a second fragment of the material
against the heated spot till the two adhere, heating the second
portion from below upwards until it assumes a clear vitreous
appearance, then adding a third fragment of silica to the second,
a fourth to the third, and so on, until an irregular rod has
been formed. Finally, this irregular rod must be reheated
in small sections at a time, and drawn out to the desired extent.
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These rods are easily made by any one ; a capable laboratory

boy will produce about a score of rods 20 cm. long in an hour,

after a few days' practice at the work ; but his consumption of

oxygen must be watched closely. The platinum tongs do not

suffer much if one works in the manner described, for after the

first start off they are only used to press cold fragments of silica

against the fused ends of the growing rods. Our forceps have
been used by four beginners, and are quite unharmed after

several years.

When a supply of the rods of vitreous silica has been pre

pared, bind a few of them, at their ends, with fine platinum
wire round a rod of platinum I to i'5 mm. in diameter; heat

the silica cautiously till the rods adhere to one another, and then

withdraw the platinum core. If the tube is not perfect, add bits

of silica at the defective places and reheat them. Close one end
of the rough tube thus produced and blow a small bulb upon the

closed end, proceeding in the manner employed for producing
glass bulbs. Heat the bottom of the bulb, attach a rod of

silica to it, reheat the whole bulb and then draw it out into a
tube. Blow a fresh bulb at one end of the fine tube thus made,
and draw this out in its turn until the tube is six or seven cm.
in length. By the time this is accomplished the worker will

have discovered that the hottest spot in his oxy-gas flame is just

inside the tip of the inner cone, but not too near the orifice of

the jet ; and after this, if he can perform the simpler operations

of glass working, he will, with a few weeks' practice, find it

easy to make larger apparatus by following the simple instruc-

tions given below.

The chief difficulty met with when one wishes to make large

bulbs, tubes, &c., is due to the fact that the only thoroughly
satisfactory burners give comparatively small flames, and that it

is only the hottest parts of these flames that give the desired

results. There is no doubt, however, that suitable combinations
of small burners could be contrived if they should be demanded,
for the production of apparatus of really considerable dimensions.

In order to convert a small bulb of silica into a large tube,

proceed as follows :—^Ileat one end of a fine rod of vitreous

silica, and when it is in the plastic state apply it to the bulb at

the point c. Then soften the adjacent parts of the rod and
allow them to fall upon the bulb so as to form a ring c B, attached

to the bulb. Heat the end of the bulb and c B till the silica

softens, then blow out the end in the usual manner. If this process

is repeated the bulb will first become ovate and then form a short

tube which can be lengthened, practically speaking, indefinitely.

Tubes of I '5 cm. diameter and of considerable length are easily

made in this way by a patient person. It does not answer to

add lumps of silica at E and then to blow them out ; we had no
success in working silica till we abandoned that method. The
sides of a tube formed in that way are too thin, and blow-holes

constantly form in them. The tubes are easily thickened, when
necessary, by adding rings of silica, reheating these, and blow-

ing them to spread the material as one would do when working
glass. It is best to blow through a chamber containing potash.

If this is connected to the end of the silica tube by india-rubber
" valve" tube, one is able to move the silica tube with sufficient

freedom. If a large tube is being made, it is best to blow out

the softened material whilst it is still in the hottest part of the

flame, but smaller objects may be transferred to the less hot

parts of the flame with advantage at the moment of blowing.

When a comparatively large object must be uniformly heated, it

is convenient to place a sheet of silica in front of the flame

a little beyond the object to be heated, in order that it may
throw back the flames upon those parts of the material which
are turned away from the chief source of heat. A suitable plate

of silica is easily made by sticking together small, rounded
masses of vitrified quartz.

We find that it is not difficult to produce tubes of various

thicknesses and various internal diameters by heating and collaps-

ing thin tubes made as described above, and that fine capillaries,

" thick millimetre tubes,'' and tubes of two or three millimetres

bore, of moderate thickness, can be produced in this way.
Thermometer stems are best made by adding rings of silica to

small bulbs, thickening them in the flame till their cavities are
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very small, and then quickly drawing ihem out whilst soft. Finally,

we may add that tubes of silica can as readily be sealed to one
another as tubes of glass, and that T-pieces and side tubes

generally may be formed by fixing rings of silica in the positions

to be occupied by the side tubes and extending them by blowing

as already described, or by attaching tubes of suitable dimen-
sions, previously prepared, to short side tubes blown as just

described. It is therefore possible to construct such apparatus

as Geissler tubes, small distilling tubes, and thermometers
with stems of the German type, &c. We feel sure that small

flasks could easily be made also by means of suitable combina-
tions of several oxy-gas burners, though doubtless they would be
rather expensive.

Finally, solid rods of silica five or six millimetres in diameter

can be made by putting together small masses of prepared silica,

or better by pressing together in the flame the softened ends of

the fine rods already described.

Notes on some Properties of Vitreous Silica}—A good many
of the properties of silica have already been described by Prof.

Boys, but a knowledge of the following, some of which are, we
think, now described for the first time, will be found useful :

—

(i) Vitreous silica is a very poor conductor of heat ; hence it

is possible to hold a thick rod of silica very close to a strongly

ignited zone.

{2) Our colleague, the Rev. 11. Pentecost, finds that vitreous

silica is less hard than chalcedony, but harder than felspar. Its

surface appears to be about equally hard after it has been heated

as strongly as possible and cooled suddenly, and after it has

been heated and cooled in the air. Tubes of silica may be
readily cut by means of a cutting diamond, and also with a good
file of hardened steel.

(3) It has already been stated that cold vitreous silica can be
plunged safely into the hottest part of an oxy-gas flame, and
that the heating and cooling process can be repeated with im-
punity. Hot vitreous silica bears sudden cooling equally well.

We have repeatedly plunged thick rods and large tubes of silica,

heated till plastic, into cold water and even into fusible metal
below 100°, without any injury to the material, for when after-

wards cut with a diamond it did not fly.^

On the other hand, threads of silica become rotten when
heated to the highest temperature of an ordinary blowpipe. "*

Large objects seem to be affected to a much less degree ; and
we suspect that this phenomenon may be due to surface devitri-

fication. When silica is in this friable state it can be re-annealed

by again softening it in the oxy-gas flame. According to Gaudin,
wires of silica heated to a suitable temperature (" rouge-blanc ")

acquire great cohesion and become very elastic.

We have not yet succeeded in fixing platinum electrodes

securely into silica tubes. But we have reason to hope that this

may be found to be practicable by the use of kaolin, or some other

natural silicate. Meanwhile, it seems possible that they might
be soldered into the silica if necessary (see " Laboratory Arts,"

by R. Threlfall).

We may add that, according to M. Gaudin, emerald gives

threads which are even more tenacious than those of silica.

W. A. Shenstone.
Clifton College. H. G. Lacell.

UNI VERS!TV AND EDUCA TIONAL
INTELLIGENCE.

Cambridge.—The following is the Speech delivered, on
April 26, by the Public Orator (Dr. Sandys) in presenting Mr.
Charles Hose for the degree of Doctor in Science, honoris
catisa.

Insulam Borneon'em orbis terrarum inter insulas omnes prope
maximam esse constat. Insulae autem illius insulis nostris fere

dupio maioris in parte septentrionali patet regio quae unum e

Britannis regem suum esse gloriatur. In eadem vero regione

provincia quaedam, fluviorum ingentium infra confluentes,

abhinc annos decern alumno nostro tradita est, qui barbarorum
animos bellicosos pacis ad foedera vocavit, et armorum certamina
saeva certaminis nautici in ludum mutavit. Idem non modo in

foedere inter barbaros sanciendo victimarum caesarum haruspex
sollertissimus, sed etiam avium in silvis volantium augur et

•I See also Gaudin, loc. cit.

2 Gaudin obtained similar results with drops of liquid %\\\c^.

3 Gaudin observed a similar phenomenon in the case of fine threads, and
so also, we believe, did Boys.
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auspex admirabilis cxstitit. Ergo alumni nostri auspiciis et

Helvetiae et Bataviae et Germaniae et Galliae et Britanniae

musea avium et animalium exemplis eximiis aucta et suppleta

sunt, et insulae ipsius zoologia, anthropologia, geographia, novo
lumine illustratae. Talia propter merita alumnus noster non
modo inter nosmet ipsos a regia geographiae societate praemio
singulari donatus est, sed etiam inter Europae gentes turn aliis

honoribus ornatus est, tum praesertim inter Germanos falconis

albi eques iure optimo nominatus est. Nostra denique zoologiae,

anatomiae, archaeologiae musea iam plus quam decimum per

annum alumni nostri liberalitatem loquuntur. Ergo nos quoque
insulae tantae non modo avium et animalium venatorem assi-

duum, sed etiam montinm et fluminum exploratorem intrepidum,

ob scientiar'um fines etiam imperii Britannici prope termihos

feliciter propagatos, laurea nostra hodie libenter coronamus.

Duco ad vos museorum nostrorum patronum liberalissimum,

exploratorum nostrorum hospitem benignissimum, Carolum
Hose.
The General Board propose the establishment of a lectureship

in ethnology, to which Dr. Haddon may be appointed ; and a

lectureship in bacteriology and preventive medicine for Dr.

Nuttall. Both have unofficially given valuable instruction in

their respective subjects, and the recognition now suggested will

probably be readily accorded by the University. New lecture-

ships in experimental physics and in agricultural chemistry are

also proposed.

The Board of Agricultural Studies, at the close of their first

financial year, make a highly satisfactory report. Their income
is sufficient for the provision of a complete course of instruction,

which has now been organised under the direction of Prof.

Somerville. They now ask the University to establish a special

examination in agricultural science (botany, chemistry, physics

and geology) for the ordinary B.A. degree.

The history of the University of London, from the time of

Sir Thomas Gresham's bequest, in 1575, of his house and garden
in Bishopsgate, for the purposes of education, down to' the com
pletion of the work of the commissioners appointed under the

University of London Act, 1898, is traced in an interesting

article in the current number of the Quarterly Review. The
large part the University has taken in the renascence of

natural science, which will hereafter be regarded as the main
characteristic of intellectual progress in the nineteenth century,

is pointed out, as well as the fact that London degrees in science

were the first conferred by British universities.

We learn from Science that the University of Chicago has

secured the 2,000,000 dollars needed to meet the requirements

of Mr. Rockefeller's gift of an equal amount. At the recent

convocation of the University, President Harper gave some de-

tails in regard to the gifts received since January 1st. They
have come from more than 200 different persons, and 90 per

cent, of them were unsolicited. The largest items appear to be

the Gurley palseontological collection, 30,000 dollars from Mrs.

Delia Gallup, and, given anonymously, 60,000 dollars for a

commons, 50,000 dollars and 25,000 dollars for a students'

club-house, 20,000 dollars towards a women's hall, and 30,000

dollars with specific use to be designated later. President

Harper stated that the total assets of the University are now
not far from 11,000,000 dollars.

^

The Technical Education Board of the London County
Council will proceed shortly to award five senior county scholar-

ships, each of the value of 60/. a year for three years, with free

tuition fees up to 30/. a year. These scholarships are intended

to assist young men and women to pursue a course at some
University or at a technical college of University rank. Some
of the scholars who have been elected in previous years are

holding their scholarships at Oxford and Cambridge, others are

studying at technical colleges in different parts of England,

while others are pursuing courses of study on the Continent.

The scholarships are open only to candidates who are under

twenty-two years of age, and whose parents are in receipt of

not more than 400/. a year. In addition to the senior scholar-

ships, the board has in past years made a certain number of

grants of smaller value to assist students in pursuing advanced

education, and the board has at its disposal a certain number of

free places at University College, London, King's College,

London, and Bedford College, London. The scholarships and

grants are awarded, not on the result of a set examination, but

on the consideration of the past achievements and promise of
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the candidates. Application forms may be obtained from the

secretary of the Technical Education Board, Ii6, St. Martin's

Place, W.C, to whom they should be returned not later than

May 14. The board is also offering scholarships for the en-

couragement of horticulture and gardening. Two of these,

tenable at the Swanley Horticultural College, Kent, give free

board and tuition for two years, and may be reckoned as of the

value of 60/. a year. They are open to candidates between the

ages of sixteen and twenty, and one will be awarded to a young

man and the other to a young woman as the result of a com-

petitive examination. No candidate is eligible whose parents

are in receipt of more than 400/. a year.

SOCIIiT/ES AND ACADEMIES.
London.

Physical Society.—Ordinary meeting held by the invita-

lian of Sir Norman Lockyer, F.R.S., in the Solar Physics

Observatory, South Kensington, on April 27.—Mr. T. H.
Blakesley, Vice-President, in the chair.— Sir Norman Lockyer
gave a short account of the physical problems now being in-

vestigated at the Solar Physics Observatory, and their astro-

nomical applications. The chief work carried on at the

observatory is the comparison of stellar spectra with spectra

obtained from lights emitted by laboratory sources. The light

from a star (or the sun) and from an arc (or a spark) are

focussed alternately upon the slit of a spectroscope, and the two
spectra are photographed side by side upon the saAie plate. The
number of lines in the arc spectrum depends upon which part of

the arc is focussed on the slit. The image of the centre is rich

in lines, the image of the edge gives a few single lines. Changes
in spectra are also dealt with. The thickening and thinning of

lines depends upon several things. In the first place, it depends
upon the density of the substance, and thus the hydrogen lines

in the spectrum of Sirius are much broader than those in a Cygni,
the hydrogen being denser in the former star. Changes may
also be produced by variations in quantity. A reduction in the

quantity of a substance generally simplifies its spectrum, the

longest line disappearing last. The motion of a luminous body
to or from the spectroscope alters the wave-length of the light

emitted and produces a shift in the lines of the spectrum. The
amount of deviation is a measure of the velocity in the line of sight.

In the case of Nova Aurigce, we have dark and bright lines of

the same substance side by side. This shows that there are two
bodies involved, moving with different velocities, the one giving

a radiation and the other an absorption spectrum. Another
change in the lines depends upon temperature. In general an
increase in temperature produces a greater number of lines, a
notable exception being sodium, which gives its full number of

lines at the temperature of an ordinary Bunsen flame. The
spectra of metals obtained from the arc, and by sparking, are

often quite different. Those lines which make their appear-
ance, or are intensified in passing from the arc to the tiigher

temperature of the spark, are known as enhanced lines. The
'-omparison of stellar spectra with laboratory spectra is often easy.

r instance, the presence of iron in the sun and hydrogen in

lius is easily seen. Several lines in the spectrum of Bella-

lix have been shown to be due to helium, the position of the
lines being exactly the same as those due to the gases from
clevite. In many cases it is possible to build up the spectrum
of a star from the spectra of its constituents taken at the proper
temperatures. For instance, the spectrum of 7 Orionis can be
closely imitated by means of oxygen, nitrogen, and carbon
together with the well-marked lines of hydrogen and helium.
We can roughly estimate by the character of the spectra of stars,

the temperatures of those stars, and thus arrive at a stellar

thermometry. Starting with a hot star like Bellatrix, and pass-

ing through j3 Persei, 7 Lyra;, Sirius, Castor, Procyon to Arc-
turus, a cold star, we have a gradual change in the character of
the lines which appear in the spectrum of any constituent. The
widening of the lines in the case of spectra of sun spots enables
us to trace changes in temperature of the sun, and we can com-
pare these temperature changes with a variety of terrestrial

phenomena, such as variation in latitude. The extraordinary
number of lines exhibited by many metals suggests that what
we are accustomed to call chemical elements are really complex
bodies which are made up of simpler ones. Attempts have
been made to build up the spectra of metals by superimposing
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simple sets of lines upon one another. In many cases a great

number of series would be required to represent things com-

pletely. In the case of hydrogen it would be necessary to have

at least twenty-seven series to give the structure spectrum only.

Taking the atomic weight of hydrogen as unity, the atomic

weight of the little masses which might give rise to any one of

these series would be about -0019. This is of the order of mag-
nitude of the small bodies, of which the existence has been

suggested by Prof. J. J. Thomson from his work on ions.

Paris.

Academy of Sciences.—M. Maurice Levy in the chair.—

•

The President armounced to the Academy the death of M.
Alphonse Milne- Edwards, and gave an account of his work.^
On linear partial differential equations of the second order,

and on the generalisation of the problem of Dirichlet, by M.
Emile Picard.—On the heats of combustion and formation of

some iodine compounds, by M. Berthelot. A redetermination
.

of the heats of combustion of fourteen typical iodine derivatives.

In spite of preconceived notions to the contrary derived from

the incomplete combustion of such compounds as iodoform in air,

no difliculty was experienced in completely burning any of the

substances in the calorimetric bomb.—On rifling in cannon, by

M. Vallier. A discussion on the best form of curve for the rifling

of cannon, and an extension of the work of M. Zaboudski upon
the same subject.—On the upright trunks, stems and roots of

Sigillaria, by M. Grand'Eury. A study of^ the Sigillaria

existing in a quarry in the neighbourhood of St. Etienne. From
the fact that the stems {Syringodendron) ionnd in a vertical posi-

tion are not distributed at random, but are usually found in groups

near each other forming well marked colonies, and from other

characters of their growth, the author concludes that the hypo-

thesis of R. P. Schmitt that they have been transported by

water and deposited in the position found, is untenable. The
view of Dawson that they have grown upon unsubmerged soil is

also held to be untenable, all the facts noted by the author

pointing to the Sigillaria have grown in the place in which they

are found in marshy soil ; under water varying from i metre to

7 or 8 metres in exceptional cases.—Reply to a reclamation of

priority of M. Curie, by M. Gustave le Bon.—Reply by M. Th.

Tommasina to a reclamation of priority, by MM. Ducretet and
Popof.—Note by M. L. M. Bullier replying to M. Geelmuyden
on a question of priority.—On the complementary terms in the

criterium of Tisserand, by M. Gruey.—On differential equations

of any order whatever with fixed critical points, by M. Paul

Painlevc;—On the generalisation of analytical prolongation,

by M. Emile Borel.—The theoretical cycle of gas engines,

by M. A. Witz. A discussion of the remarks and

criticism of M. Marchis.—On the dielectric constant and

the dispersion of ice for electromagnetic radiations, by M.
C. Gutton. The value of the refractive index for electromagnetic

waves was found to vary with the wave-length from 176 for a

wave-length of 14 cm. to I'SO for 2088 cm., ice thus presenting

normal dispersion for electromagnetic waves.—Two applications

of Govi's camera lucida, by M. A. Lafay.—On the maximum
sensitiveness practically employed in coherers for wireless tele-

graphy, by MM. A. Blondel and G. Dobkevitch. The increase

of sensibility observed by M. Tissot to occur when the coherer

is placed in a magnetic field, is ascribed by the authors to purely

mechanical causes, the increase of contact between the powder
and the electrodes produced by their mutual attraction.—On the

radiations of radium, by M. E. Dorn. The author draws at-

tention to the fact that he published a note on the deviation of

the rays emitted by radioactive barium bromide in an electric

field on March II, independently of M. Becquerel.—On a new
thermo-calorimeter, by M. G. Massol. Two improvements on
Regnault's thermo-calorimeter are suggested, the replacement

of alcohol by sulphuric acid, giving a large increase in the range

of the instrument, and the use of a reservoir at the upper

end of the instrument as in Walferdin's maximum thermometer

by which the sensitiveness of the thermo-calorimeter is increased

without undue lengthening of the stem. The instrument thus

modified has been of especial service in the study of superfused

liquids.—A new indicator in acidimetry, and its application to

the estimation of boric acid, by M. Jules Wolff. The indicator

proposed is a solution of ferric salicylate in sodium salicylate,

which passes from violet to orange when the solutions become
alkaline. Data are given showing the results obtainable with

borates.—On the selenides and chloroselenides of lead, by M.
Fonzes-Diacon.—Crystallised lead selertide, PbSe, is obtained by
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reduction of a selenate by hydrogen or by carbon, by the action

of hydrogen selenide upon the vapours of lead chloride, and by
the direct fusion in the electric furnace of precipitated lead

selenide.—On the alkaline selenioantimoniles, by M. Pouget.

Selenio-antimonites can be obtained of analogous composition

to the sulpho-antimonites already known ; mixed sulphur and
selenium compounds, thioantimonites in which the sulphur is

only partially replaced by selenium have also been prepared.

—

Micro-chemical researches on yttrium, erbium and didymium,
by MM. M. E. Pozzi-Escot and H. C. Couquet.—Mechanism
of the senility and death of nerve cells, by M. G. Marinesco.
As the result of a study of nerve cells from the brain and spinal

column of individuals of ages ranging /rom 60 to no, it was
found that the modifications constituting the old age of the nerve
cell do not only consist of the diminution, more or less marked,
of this body, but include other more interesting changes, some
of which, tangible to the microscope, are described.—Hetero-
plastism, by M. Nicolas-Alberto Barbieri.—A determination of

the conditions under which tissue from one mammal can be
grafted on to another, to replace similar tissue. The results of
experiments are given on the grafting of muscular, vascular, and
nervous tissue.

DIARY OF SOCIETIES.
THURSDAY, May 3.

Royal Institution, at 3.—A Century of Chemistry in the Royal Insti-
tution : Prof. J. Dewar, F.R.S.

LiNNEAN Society, at 8.—Note on the Movements in Fishes : Prof. R. J.
Anderson.—On New Species of //a///wrfa, from Funafuti: Miss E. S.
Barton.—On West Indian Fungi : Miss'A. L. Smith.

Chemical Society, at 8.—Brazilin, Part IV. : A. W. Gilbody, W. H.
Perkih, jun., and J. Yates.—Haematoxylin, Part V. : W. H. Perkin,
jun.,and J. Yates —The Substituted Nitrogen Chlorides and Bromides
derived from o- and /-acet-toluide and their Relation to the Substitution of
Halogens in Toluides and Toluidines : F. D. Chattawayand K. R. P.
Orton.

RoNTGEN Society, at 8.—Demonstration and Exhibition of NewMethods
and Results.

Institution of Electrical Engineers, at 8.—If the discussion on
Prof. Forbes's Paper, read on April 26, is concluded, the following Paper
will be read:—The Calculations of Distributing Systems of Electric
Traction under British Conditions : H. M. Sayers.

FRIDA y, May 4.

Royal Institution, at 9 —Pottery and Plumbism : Prof. T. E. Thorpe,

Geologists' Association, at 8.—Some Features of the Recent Geology
of Western Norway : Horace W. Monckton.

Cold Storage and Ice Association (Examination Hall, Victoria Em-
bankment), at 11.30.—Recent Researches in Refrigeration : G. Halliday.
—Insulation and Insulators : W. D. A. Bost. At 3.—Electric Lighting
of Cold Stores: W. B. Esson.—The Design and Construction of Build-
ings for Ice Factories and Cold Storage : P. Gaskell.

SA TURDA y, May 5-

Royal Institution, at 3-—Egypt in the Middle A^es : Prof. Stanley
Lane-Poole.

MONDAY, May 7.

Society of Arts, at 8.—The Incandescent Gas Mantle and its Use :

Prof. Vivian B. Lewes.

Society of Chemical Industry, at 8.—The Production of Nitrate of
Soda in Chili : Dr. W. Newton.

TUESDA y. May 8.

Royal Institution, at 3.—A Corner of Sussex: Dr. H. R. Mill.

Society of Arts, at 8.—Art Metal Work : Nelson Dawson.
Zoological Society, at 8.30.—A List of the Batrachians and Reptiles

of the Gaboon (French Congo), with Descriptions of New Genera and
Species: G. A. Boulenger. F.R.S.—On the Birds of Hainan: W. R.
Ogilvie Grant.—On the Rhopalocera collected by the late Mr. John
Whitehead in the Interior of the Island of H.^inan : Philip Crowley.

Royal Photographic Society, at 8.—The Effect of Colour on Grada-
tion : Chapman Jones.

WEDNESDAY, May 9.

Society of Arts, at 8.—Improvement of our Ro.ids : A. Moresby White.
Geological Society, at 8.-1 he Pliocene Deposits of the East of

England. Part II. The Crag of Essex (Waltonian) and its Relation to
that of Norfolk and Suffolk: F. W. Harmer. With a Report on the
Inorganic Constituents of the Crag by Joseph Lomas.—The Salt Lake of
Larnaca (Cyprus) : C. V. Bellamy.

Iron and Steel Institute, at 10.30.—General Meeting.—On Blowing-
Kngines driven by Crude Blast-Furnace Gas: Adolphe Greiner.—The
.Solution Theory of Iron : Barjn H. von Juptner.—The Use of Fluid
Metal in the Open-Hearth Furnace: James Riley.— Iron and Phos-
phorus : J. E. Stead.—The Continuous Working of the Open-Hearth
b urnace : Benjamin Talbot.
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THURSDAY, May 10.

Royal Society, at 4.30.

—

Probable Papers: On the Diffusion of Gold in

Solid Lead at the Ordinary Temperature : Sir W. Roberts-Austen,
F.R.S.—On Certain Properties of the Alloys of the Copper-Gold Series :

Sir W. Roberts-.\usten, F.R.S., and Dr. T. K. Rose.—Experiments on
Supposed Vascular and Visceral Factors in the Genesis of Emotion : Prof.

Sherrington, F.R.S.—On the Brightness of the Corona of April 16, 1893.
Preliminary Note : Prof. H. H. Turner, F.R.S.

Royal Institution, at 3.—A Century of Chemistry in the Royal Insti-

tution : Prof. J. Dewar, F.R.S.
Mathematical Society, at 5.30.—Special Meeting.—The Differential

Equation whose solution is the Ratio of Two Solutions of a Linear Dif-
ferential Equation : M. W. J. Fry.—A Congruence Theorem relating to

Eulerian Numbers and other Coefficients : Dr. Glaisher, F.R.S.
Institution of Electrical Engineers, at 8.—A Frictionless Motor
Meter : S. Evershed.

Iron and Steel Institute, at 10.30.—Ingots for Gun Tubes and Pro-
peller Shafts : F. J. R. CarruUa.—The Manufacture and Application of
Water-Gas : Carl Dellwik.—The Equalisation of the Temperature of
Hot Blast : Lawrence Gjers and Joseph H. Harrison.—The Manganese
Ores of Brazil : H. Kilburn Scott.—The Utilisation of Blast-furnace
Slag : Ritter Cecil von Schwarz (Li^ge).

FRIDAY, May ii.

Royal Institution, at 9.—Shakespeare and True Patriotism : Sidney
Lee.

Royal Astronomical Society, at 8.

SATURDAY, May 12.

Royal Institution, at 3.—South Africa ; Past and Future: Dr. Alfred
P. Hillier.
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MECHANISM, IDEA, OR—NATURE?
Naturalism and Agnosticism. By James Ward, Sc.D.

2 vols. Pp. xviii + 302 and xiii + 291. (London: A.

and C. Black, 1899.)

THE distinguished writer of the well-known article on
psychology in the " Encyclopccdia Britannica

"

could not but be sure of a welcome for any contribution

towards the establishment of a world-formula that he

found it in him to offer. Prof. James Ward displays

analytical power of quite first rate quality, even when he

uses it perversely. He has an insight more than common
into the bearings of scientific methods and naturalistic

speculations, even when he is disputing their competency
or restricting their range. If his lucidity is that of the

successful teacher, his earnestness and his often eloquence

mark the great one. Finally, in meeting the apostles of

naturalism within the jurisdiction of their own categories,

and without the mystification of an alien esotericism, he
has set an example of hopeful augury. " Naturalism and
Agnosticism " is for these reasons one of the books that

must count.

On the other hand, while future attempts at construc-

tion cannot neglect the reasonings of this very consider-

able work, Prof. Ward's is not a mind " to nestle in."

His attack upon Naturalism with Agnosticism must, we
venture to think, be held to have failed, his conclusion to

Spiritualistic Monism to be illicit.

Prof. Ward's book embodies his Gifford lectures, in

defence of theism, dehvered at Aberdeen in the years

1896 to 1898. As they "take it for granted that till an
idealistic {i.e. spiritualistic) view of the world can be

sustained, any exposition of theism is but wasted labour,"

they are in effect a critique of Naturalism and Agnosticism

singly and together, followed by a brief development of

a Monism of Spirit, in whose interests they are assailed.

Their "demurrer" to theistic inquiries is ruled out,

because they themselves, it is claimed, have failed.

We may pass the question whether a Naturalism that

dares to say that it sees no way of access to knowledge
of a certain kind, " demurs '' to theism in any manner in

which " spiritualistic monism," with its implicit pantheism,

does not, and consider rather the development of Dr.

Ward's attack on Naturalism. He tries a fall with it in

three fields—Mechanism, Evolution taken as the working

of Mechanism, and Psychophysical Parallelism as the

device by which the mechanical view disposes of the

importunate facts of consciousness. It seems to follow

that unless Naturalism must be identified with Mechanism
our author's thesis fails.

As regards Mechanism, Dr. Ward disclaims any pre-

tensions to specialism in physics, but he shows such

intellectual communion with the studies that are the

great glory of his university, that he fully sustains his

right to be heard. His fundamental point is the abstract-

ness and hypothetical character of modern physics. He
shows how they pass from the perceptual and actual into

what has been happily called " conceptual shorthand.''

He finds mathematical physics " idealistic " in their

procedure—epistemologically, we presume, not ontologi-
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cally— and he claims that they do not set before us
" what verily is and happens." Matter, mass, energy

—

what are these ? We seem driven to modify our ideas of

them again and again, till we end either in Nihilism, with,

for instance, Kirchhoff, or in some highly artificial

formula, such as, e.g. the " hydrokinetic ideal " of Lord

Kelvin. From the point of view of logic, the inverse

methods of abstract physics are such that our ultimate

principle will not necessarily be a vera causa in the sense

of one who can say hypotheses non Jingo. If, then, we
accept it as ultimate reality, we are simply Neopytha-

goreans. Can we construct from it a cosmos of qualitative

variety ? much less an organic world.

Yet, starting from mechanism, such an attempt at

edification has been made by Mr. Herbert Spencer. To
him the sciences in their evolutionary gradation appear

to offer a closed system, a polity, a synthesis which is

philosophy. The absence of the two volumes essential

for the bridging of the gap from inorganic to organic,

and especially of that famous chapter in which, " were

it written," the transition is actually made, puts Mr.

Spencer's high claims out of court. But further, by playing

off dissipation of energy against conservation, the doctrine

of " First Principles " can be shown to be inadequate.

And Mr. Spencer's demand for instability of the homo-

geneous at the start, instability of the heterogeneous at

the finish, shows his construction to be arbitrary. To
get evolution to the point of a working process, we need,

says Dr. Ward, a teleology—" evolution with guidance,"

or plan, or purpose. And this to our author implies

something incompatible with mechanism, mind in some
transcendental sense, god. There is perhaps a lacuna

in the inference, but so comes the god into the mechanism

But if mind is thus to be, at the very least, the pre-

dominant partner in the world-system— it is to be much
more—Dr. Ward must get rid of Psychophysical Par-

allelism. Psychosis cannot be epiphenomenon, nor, to

use Huxley's unfortunately loose phrase, a "collateral

product." Nor can man—though this is not the same

thing—be a conscious automaton. We cannot have any

implication of "the impotence of mind to influence

matter.'' We must admit " interaction," because " in-

variable concomitance and absolute causal independence

are incompatible positions."

But if there is not only room for god, as Brahma so to

speak, at the beginning, but also both room for and need

of, as it were, Vishnu, throughout the working of the

mechanism, to save it from nihilism, to supply "guid-

ance " to the evolutionary process, to infuse new energy,

or, as " the sorting demon of Maxwell," restore wasted

energy, to account for life, to work as immanent sustaining

force throughout, we need only to refute dualism in favour

of a " duality of subject and object," and the way is clear

for idealism.

But is this so ? Is naturalism really refuted ? Is neutral

agnosticism illicit, or, in the alternative, so unstable, as

to be necessarily materialist or mechanical in bias .'' Or

has Dr. Ward haply shown that certain physicists, like

certain idealists, have no right to their creed ? Those,

namely, who fail to take their symbols as formulae, ab-

stractions, averages, or to see that where explanatory, the

range of their power of explanation is limited. Or has

he perhaps overthrown much in the hasty constructions

C
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of Huxley and Mr. Spencer, made in the first flush of

the reconnaissance in force of militant science, but left

Naturalism the while untouched ?

Dr. Ward's polemic against Mechanism is, we take it,

justified with some qualifications, as against those who
hold that the synthesis of naturalism is complete, and

that the law of its continuity implies the resolution of all

phenomenal realities into terms of the modern substitutes

for matter in motion, conceived of as having no qualitative

but only quantitative determinations. Again, the un-

necessarily contemptuous criticism of Evolution as the

working of mechanism is vaHd against Mr. Spencer's

" First Principles." Mr. Spencer's mastership happily

does not rest upon the soundness of the too early stereo-

typed foundation, nor on the claim that the edifice is

complete to its coping-stone. Further, if " science " is at

the standpoint of the materialism of Laplace, or even if

it has taken the Huxley of the early sixties, with his un-

doubted materialist bias, as guide in all things, it will have

to retrace the steps it has taken in its advance towards a

creed. If it abstracts the known from the knower, and

maintains that the act of abstraction makes no difference,

it can be convicted of positing a phenomenal -woxXd. per se.

If, in the faith of continuity, it says that the inorganic, as

it is conceived by mathematical physics, not only con-

ditions but also constitutes the organic, in the sense that

we must not, in order to explain the organic, look for

anything in the inorganic other than those mathematical

determinations of which alone abstract physics take

account, then it is against that long patience which is the

chief of discoverers, and is attempting an "anticipation"

of experience. If it treats regulative as constitutive prin-

ciples, and attributes agency to formulae, it is guilty of

what we had thought was specifically the idealist's fallacy.

But must Naturalism do these things ?

We might instance Dr. Hodgson's experientialism and

Prof. Miinsterberg's transformism among types of natur-

alism able to " let the galled jade wince." Surely, too,

the specialist, finding in his own department, recognised

as partial and abstract, the immanence of law, and learn-

ing that his colleagues in other departments find law

there too, and so throughout, is justified in believing that

out of nature—human nature, and specifically the nature

of human thought included—the solution must come.

Unable to find a mediating term between his "non-

matter in motion " or what not, and psychic process, he

accepts the "parallelism," with hypothetical connection

as co-aspects or, since Prof Ward, despite of Kant and

Mr. Bradley, prefers the causal relation, co-effects of a

unitary system. And if to the knowledge of this he sees

no road from the human standpoint, wherein lies the illicit-

ness of the union, always stigmatised by Dr. Ward as an

evil liaison^ between his positive treatment of his facts of

science and his agnostic neutral attitude, without bias

either materialist or spiritualist, towards the ultimate

real?

Dr. Ward thinks, in terms of the quotation on his title-

page, that law implies teleology, and that teleology

implies spiritualistic monism. We do not see the steps

by which he establishes this latter point. And he thinks

neutral agnosticism unstable in the direction of one bias

or other. We do not see why.

Surely in taking Naturalism " to designate the doctrine
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that separates Nature from God, subordinates Spirit to

Matter, and sets up unchangeable law as supreme," Dr.

Ward has imposed upon it three characters—the first an

ambiguity, the second a mechanical bias which is not

essential to it, the third its pride, or what it would re-

pudiate, according to the meanings attached to the words

"law" and "supreme." It is he who has conjured up

what, by a curious slip, he calls " a novel Frankenstein."

We cannot accept Dr. Ward's criticism of psycho-

physical parallelism. Mr. Stout, who also " carried Cam-
bridge to Aberdeen," is to the point here. He treats it

as the best mode of formulating the facts, but needing

for explanation something beyond itself That he finds

this something in an idealist metaphysic makes his witness

the more impartial. Prof. Ward hankers after " inter-

action," or at least "activity of mind." The first, in the

form in which he demands it, involves him, to our think-

ing, in a dualism, which is not a duality of subject and

object, and for which his own " refutation of dualism

"

is enough. The second is spiritualism, which, if monistic,

precisely inverts material monism and makes man a

conscious automaton from the other point of view.

We may note in this connection a sceptical argument

of Dr. Ward's. In what seems to be a misapplication of

the formula of " introjection," which he applies elsewhere

with signal success, he insists that my psychoses are

experience only for me, my neuroses experience only

for the physiologist. The inference surely must be to

solipsism or to nothing. Does Dr. Ward mean to deny

the accompaniment of my psychical phantasmagoria with

brain change ?

The quality of Dr. Ward's idealism is perhaps to be

doubted. Where does he get the " voluntary movement "

which is essential to our perception of space ? We are

not quite sure that his "intellective synthesis " gives him

a right to a world of " intersubjective intercourse" at all.

It is, to use an illustration of his own, a case of genii each

hermetically sealed in his bottle, but collectively at large.

Or it is natural realism. Again, his mental "activity"

is in collision with the teaching of Mr. Bradley.

Dr. Ward must have creative agency for thought if

" nature is spirit " (though if this be so in a plain, straight-

forward sense, then why naturalism is wrong from the

point of view of spirit is hard to see). But all thought

that we know is accompanied with body, and does not

create. Huxley " quite rightly refuses to convert invari-

able concomitance into necessary conjunction." If that

is so, what becomes of Dr. Ward's formula as to parallelism

and causal independence, apart from his fallacious use of

it to establish interaction, when the " community " need

not imply more than that they are aspects or, if Dr. Ward
will have it so, co-effects of the same real ?

Prof. Ward declines to allow analysis to be adequate

unless you can find your way back to complete synthesis.

Judged by this test, what becomes of Spiritualistic

Monism ? Indeed, the double edge of Dr. Ward's argu-

ments is one of the marked characteristics of his book.

What is good for " non-matter in motion " is good for

Green's "relations without relaia." What is good for

Lord Kelvin's Plenum is good for Mr. Bradley's Reality.

A dialectical process, which must take place in a time

considered to be riddled with self-contradictions and

is analogous to the form of evolution that
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Dr. Ward eviscerates. In truth, mechanism inverted is

spiritualistic monism. The naturalism not yet fully for-

mulated, which has allied itself provisionally and in no

way illegitimately with neutral agnosticism, is happily

neither materialism nor idealism. H. W. B.

^-HE EVOLUTION OF EUROPEAN PEOPLES.
The Races of Europe : a Sociological Study. By William

Z. Ripley, Ph.D. Pp. 624 ; and bibliography, pp.

160. 222 portrait types ; 86 maps and diagrams,

and other illustrations. (London : Kegan Paul,

Trench, Triibner and Co., Ltd., 1900.)

IT has been reserved for an American anthropologist

to give us the first comprehensive work on the races

of Europe, a subject which is as fascinating as it is

important.

The first two chapters of this comprehensive work deal

with general questions, among others the problem of

environment versus race in determining ethnic characters
is touched upon, and the error of confusing community
of language with identity of race is pointed out ; nation-

ality may often follow linguistic boundaries, but race
bears no necessary relation to them.
As the main arguments in the book are derived from a

consideration of three main sets of comparative data— the
head-form, hair- and eye-colour, and stature— it was
necessary to discuss their value, and in doing so the
author has passed in brief review various races of man in

all parts of the world. As the shape of the head, that is

the length-breadth, or cephalic index, is not liable to be
affected by environment as pigmentation appears to be,
and stature certainly is, it takes the first rank as a
criterion of race, the colour of the hair and eyes comes
second, while stature is relegated to the third rank.

Dr. Ripley states as a proposition that is "fairly sus-
ceptible of proof" :

" The European races, as a whole, show signs of a
secondary or derived origin

; certain characteristics,
especially the texture of the hair, lead us to class them
as intermediate between the extreme primary types of
the Asiatic and the negro races respectively."

Surely the wavy-haired group of mankind has as much
a claim to be considered primitive as are the frizzly- or
the straight-haired groups. That certain characters are
intermediate does not imply that a mixture has taken
place. In some respects each of these three main groups
of mankind is nearer to, and in others further from, the
higher apes than the other two groups ; the wavy
character of the hair of the Europeans, for example, is

probably an ancestral feature that has been retained by
them and the other Cymotrichi.

The earliest and lowest strata of population in Europe
were extremely long-headed, and the author regards the
living Mediterranean race as most nearly representative of
them. He considers it highly probable that the Teutonic
race of Northern Europe is merely a variety of the
primitive long-headed type of the Stone Age ; both its

distinctive blondness and its remarkable stature having
been acquired in the relative isolation of Scandinavia,
through the modifying influence of environment and arti-
ficial selection. It is certain that, after the partial occu-
pation of Western Europe by a dolichocephalic type in
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the Stone Age, an invasion by a broad-headed race of

decidedly Asiatic affinities took place. This intrusive

element is represented to-day by the Alpine type of

Central Europe.

It is the play of these three groups, Teutonic or Nordic,

Alpine and Mediterranean, upon one another, together

with the effect of environment, the potency of which
varies locally, occasional isolation and sexual selection,

which has resulted in the complexity of the ethnology of

modern Europe,

Dr. Ripley deals with the various countries of Europe,

and endeavours to unravel the anthropological history

of each. It is a humiliating fact how often political or

religious bias has crept into ethnological arguments ; but

our author approaches the subject with an unprejudiced

mind, and looks at the problem from a broad point of

view.

The most remarkable trait of the population of the

British Isles is the uniformity of its head-form ; the pre-

vailing type is that of the long and narrow cranium,

accompanied by an oval rather than broad or round
face. The length-breadth indices all lie between 77 and

79, with the possible exception of the middle and western

parts of Scotland, where they fall to 76, This index

alone proves little in the present instance, and recourse

must be made to other characters, such as hair-colour

and stature.

These distinctly prove a dual element in the popula-

tion, one of which is the persistent Neolithic stock, a

branch of the Mediterranean race ; the other is the

northern race, composed of Saxon, Danish and Nor-
wegian elements. Immigrants belonging to the Alpine

race, not pure, but as a mixed people, overran all

England and part of Scotland, bringing with them
bronze implements, the art of pottery-making, and other

cultural advantages ; but their physical influence was
transitory, for at the opening of the historic period the

earlier types had considerably absorbed the new-comers,

and the Teutonic invasion completed their submergence.

Dr. Ripley, however, is scarcely correct in stating that

the Alpine immigrant type never reached Ireland, as

traces of them have been recorded {cf. Proc. Roy. Irish

Acad. (3), iv. 1898, p. 570). The distribution of stature

bears out a distinction between the Goidels and the

Brythons ; but the high stature found in South-west

Scotland is anomalous, and requires further study.

It is impossible to deal with all the controversial

problems in the book, but an author can generally be

gauged by his treatment of critical cases, and of these

it is no exaggeration to say that Dr. Ripley always takes

a sane position. The origin of the Etruscans is a case

in point. The different views of various authors are

briefly stated, but the author inclines to Sergi's theory

that the Etruscans were really compounded of two

ethnic elements, one from the north bringing the Hall-

statt civilisation of the Danube Valley ; the other Medi-

terranean, both by race and culture. The sudden out-

burst of a notable civilisation being the result of the

meeting of these two streams of human life, the author

appears to have overlooked the probability of a similar

history for early Greece.

A whole chapter is given to a discussion of the Basques,

and Collignon's deductions are adopted. The French
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Basques of to-day are more pure than the Spanish ; but

they originally came from Spain. Althouj^h the Basque

face is extraordinarily narrow, the head is broad ; but this

is not due to a mixture with the Alpine race, as the

Basque head is essentially dolichocephalic, the breadth

occurring pretty far forwards near the temples. We
have here, in fact, an example of a local modification (a

sub-species of the Mediterranean stock) evolved by long-

continued and complete isolation, in-and-in breeding

primarily engendered by peculiarity of language, and

perhaps intensified by artificial selection.

After having analysed the various European groups,

Dr. Ripley devotes a couple of chapters to European

origins and others to social problems, such as environ-

ment versus race, acclimatisation, and urban selection
;

in the latter he discusses the tendency to long-headedness,

shortness of stature and brunetness that characterises

most large towns.

Dr. Ripley has presented us with a very valuable and

most interesting study of the origins and physical char-

acteristics of various European peoples, which is as in-

dispensable to students of history and sociology as it is

to anthropologists. The clearness with which he states

and illustrateshis facts leaves nothing to be desired^ and

we offer him our congratulations on having coped so

successfully with an intricate problem, and on having

brought his laborious researches to such a satisfactory

conclusion.

The book is handsomely "got up," and is sumptuously

illustrated. There are 222 carefully- selected portrait

types, and 86 maps and diagrams. The selection of the

portraits could have been no easy task, and the con-

struction of the distributional maps must have entailed

an infinitude of labour. The volume concludes with a

bibliography on the anthropology and ethnology of

Europe, which is as appalling as it is invaluable.

A. C. Haddon.

A REVISION OF CERTAIN CELL PROBLEMS.
Histologische Beitrdge, Heft VI. : Ueber Reaukttons-

iheilung, Spindeldildung, Centrosome7i und Cilien-

bildner im Pflazenreich. Von E. Strasburger, 0.6.

Professor an der Universitat Bonn. Pp. xx -f 224.

Mit. vier litho. Tafeln. (Jena : Gustav Fischer,

1900.)

IT is with no small degree of pleasure that we have
perused this, the latest, addition to the five series

of " Histologische Beitrage," by Prof. Strasburger. The
new volume, like some of its predecessors, deals almost

exclusively with cell problems, and anything which its

author may have to say on such matters must always
command special respect. Breadth of treatment and
open-mindedness, no less than thoroughness, have al-

ways characterised the work of this great investigator,

and perhaps few who are not familiarly acquainted with

the cell literature up to the early seventies can realise

the extent to which our modern knowledge of cytological

phenomena is indebted to the pioneer researches of the

author of "Zellbildung und Zelltheilung."

In the volume before us, amongst other topics, the

whole subject of what are now familiarly known as

"Reduction-divisions" is treated afresh, and emphasis is
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laid on the need for a wider basis of comparison before

we can return a satisfactory answer to the question as to

whether the reduction is only quantitative., or whether

as Weismann and his followers have supposed, it is

qualitative also.

The majority of English and German botanical

cytologists have decided in favour of the former view, and
the researches of Flemming, Brauer, Meves and others

on the animal side have shown that the opposite view is,

at least, not always tenable. The case of the Salamander

especially appears to be impossible of interpretation from

the standpoint of the " Qualitative " hypothesis, and now
Strasburger shows that the vitally important feature in

the Salamander mitosis, viz. the longitudinal fission of

the retreating chromosomes during the diaster stage of

the first reduction division, is closely paralleled by the

behaviour of the nucleus in the pollen mother cells of

Tradescantia. Such a discovery is of the highest value

as supporting the evidence already accumulated in favour

of the merely quantitative character of these mitoses.

The explanation which Strasburger gives of the structure

of the ordinary V-shaped chromosome in the first re-

duction diaster will not, perhaps, gain general acceptance

till it has been tested afresh. He believes that the

original rod-shaped chromosome, divided longitudinally

in two planes cutting each other at right angles, first

splits completely mto two daughter-chromosomes upon

the spindle, and then that each of them opens out along

the second plane of cleavage, only cohering at one end

thus giving rise to the V-shaped chromosomes of the

diaster. During the second division, the latter finish their

longitudinal fission by complete separation of the limbs

at the apex of the V, and thus what would appear to be

a transverse fission proves to be merely the finish of

a longitudinal splitting incepted at a much earlier

period.

The author also discusses the nature of the causes

which have brought about the difference of sex, and dis-

misses the "hunger" and autophagy hypothesis of

Dangeard, which is, perhaps, a rather crude form of the

less tangible but familiar theories of rejuvenescence. The
view is supported that one important factor lies in the

comparative absence of kinoplasm from the female, and

of trophoplasm from the male, gamete. But it may, per-

haps, be questioned whether the study of the evolution

of sex in such forms as the green alga; does not favour

the conclusion that such a difference is a result rather

than a cause of sex-difference. 1

Incidentally, the view recently advocated by Nemec,

that the reproductive mitoses, in their early multipolar

character, contrast with the universally bipolar vegetative

divisions, is shown to be without foundation. Multi-

polar spindles occur both in pollen mother cells and in

those of the root apex in Vicia., and the present writer

has also observed them in the apical meristem of

Equisetunt.

The frequent connection of spindle fibres with extra-

nuclear nucleoli is admitted, and is utilised to support

the contention that these enigmatical bodies stand in a

close relation to the kinoplasm which they are regarded

as "activating." Many of the bodies which have, by

different writers, been described as centrosomes are cer-

tainly nothing else than these escaped nucleoli, and in
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the example of Nymp/iaca, in which the presence of

centrosomes has recently been insisted on, Strasburger

shows that not only can the occasional granules not be

identified as centrosomes, but that the spindle often reaches

to and ends on the peripheral layer of the cytoplasm in

a multipolar fashion.

Naturally the bodies known as blepharoplasts are also

brought under discussion. These structures have by
some been identified with centrosomes, but they seem
really to be but remotely related to them. The fact that,

as was shown by Webber, the true spindle often becomes
multipolar, notwithstanding the presence of blepharo-

plasts, tells strongly against their centrosomic character,

whilst the fact that in the earliest stages radiations start

from them proves absolutely nothing at all. Fischer

has shown how heterogeneous bodies may serve as

starting-points for radiations in fixed specimens of al-

bumin ; and Guignard has described and figured, in the

case of the lily, similar radiations having the entire

nucleus as their common centre. Much more definite is

the relationship existing between the blepharoplasts and
cilia. Strasburger, who regards them as essentially con-

sisting of kinoplasm, adduces a series of observations in

support of the view that they, or bodies like them, are

constantly associated with cilia. Certainly it is a fact

of no small significance that whilst, in ferns and cycads,

they should be absent from all the other nuclear divi-

sions, they are constantly present in those which directly

lead to the formation of the motile antherozoids. More-
over, R. Hertwig has found an analogous relation to hold

good for Actinospherium, stating that "centrosomes"
only occur in connection with the polar {Richtungs)

mitoses, whilst they are quite absent from the somatic
divisions.

It is not possible to touch, even briefly, on all the

points raised and illustrated in Prof. Strasburger's book
;

it is hoped, however, that enough has been said to in-

dicate its importance as embodying, not only a consider-

able number of new facts, but also many new and sug-

gestive points of view.

And throughout the volume one is struck, not only by
the full recognition accorded to the work of other in-

vestigators in the same field, but by the invariable

courtesy which characterises the author's criticism of

their results even when these do not accord with those

obtained by himself. J. B. Farmer.

MODERN POWER LOOMS.
Mechanism of Weaving. By T. W. Fox. Pp. xxii +514.
(London : Macmillan and Co., Ltd., 1900.)

HTHE second edition of this excellent book, on the con-

^ struction and working of the power loom, has been
carefully revised by the author. It has justly been
recognised as a standard text-book on the subject of

loom mechanism The work treats of tappet, dobbie,

and Jacquard or harness looms. In the first place, a full

exposition is given of the tappet shedding motion, refer-

ence being made to the Yorkshire tappet loom, Wood-
croft and segment tappets, and also to the dififerent

under motions for the depression of the heald shafts.

Proceeding, Mr. Fox deals with some of the principal

types of dobbies, such as the Blackburn, Keighley, Burn-
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ley and American. By means of sectional drawings, the
somewhat intricate mechanism of these dobbies is clearly

described. The work would have been enhanced to the

manufacturer of heavy fabrics, such as linen, woollen and
worsted textures, if fuller descriptions had been given
of the dobbies employed in the weaving of these fabrics.

Still, to the student of cotton weaving and the manufac-
turer of light fabrics, the information supplied will be found
invaluable, and even the makers of heavier cloths might
consult the pages on dobbies with profit. It is open to

dispute whether the best method of treatment has been
adopted, from a student's standpoint, in dealing fully

with shedding motions, including the Jacquard, and card
stamping, and the methods of tieing up the harness,

before reference is made to other essential motions of the

loom ; but the plan of the author is evident on only a
casual examination of the book, namely, to treat of each
distinct motion in all its various forms in succession,

excluding the possibility of affording the reader at the

outset even a general notion of the combination of

movements in power-loom weaving. This explains why
some 280 pages, or more than half the book, should be
devoted to the principles of shedding, card stamping
and harness mounting, prior to any descriptive reference

being made to the picking, the warp let-ofiF, fabric take-

up, shuttle, and other motions.

In dealing with the Jacquard loom, the single-lift

machine—the basis on which all Jacquards are con-

structed—is first treated of ; then follow descriptions of the

double-lift, centre-shed, open-shed, twilling, Bessbrooke
and cross-border machines. The doup and gauze harness

are very clearly explained. Other systems of tie-up,

more elaborately illustrated, might have been advan-
tageously incorporated into this section of the work ; but

sufficient data is afforded to enable the student to grasp

the principles on which the complex mountings are

effected, necessary in the weaving of tapestry and
decorative silk fabrics.

Lappet weaving receives adequate attention, especially

as worked by means of lappet wheels and the Scotch
method ; but only brief details are given on other forms

of this motion, in which lags are used and pegs of

different lengths, and also in which the frames for carry-

ing the lappet threads operate on the upper side of the

fabric.

In regard to picking, Mr. Fox gives some interesting

information on the magnitude of the force expended in

propelling the shuttle from side to side of the loom.

Perhaps there is no motion in weaving in which improve-

ment is so desirable as in picking. This is more obvious

in heavy looms, where large shuttles have to be used,

travelling at a high speed. Under the head of " Warp
Protectors," fast and loose reeds are considered, as well

as shuttle guards. Many attempts have been made at

automatic warp-stop motions, such as those applied to

the Northrop and Poyser looms, but probably the author

has not mentioned these on account of their not having

come into general use in this country ; still, there are

principles in both interesting to the student of
" Mechanism of Weaving."

The chapter on " Multiple Box Motions " is one very

typical of the author's skill in the exposition of difficult

mechanical problems. Revolving, as well as drop-box
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motions, with suitable illustrations, are fully explained.

On "beating-up," the author has some instructive in-

formation respecting the movement of the crank for

carrying the batten or going part against the fell of the

fabric. He supplies a table showing the motion of the

crank, and treats of the length of the crank-arm and the

eccentricity of movement. The concluding portions of

the book are devoted to weft-stop motions, mechanism

for governing the warp and taking-up of the fabric, the

construction of temples and selvage motions. There is

also a chapter on the arrangement of weaving -rooms or

sheds, with a plate illustrative of the positions of the

looms and other machinery. The book should be in

the possession of all those interested in the construction

of power looms.

OUR BOOK SHELF.
Legons cf Opftque geoni^friqtte ci I' Usage des iillves de
Mathhnatiques spdciales. Par E. Wallon, Professeur
au Lycee Janson-de-Sailly. Pp.343. (Paris : Gauthier-
Villars, 1900.)

This book has been v ritten at the desire of Prof.

Wallon's students, to whom a graceful tribute is paid,

in the preface, for the assistance which their questions,
doubts and objections have rendered in developing the
author's methods of teaching. To look on one's students
as collaborators, that is certainly the secret of suQcessful
teaching ; and, as here presented. Prof. Wallon's lectures
are certainly successful in giving a systematic and clearly

defined outline to the science of geometrical optics. The
diagrams are well drawn and numerous, and the mathe-
matical proofs are simple and yet sufficient. There is,

however, little that is novel to be found in the course of
these lectures ; indeed, in a few cases it might be
objected that there was a tendency to lag behind
the times. Thus, in discussing refraction equivalents.

Newton's law, that —
2 _

and Dale's law, that

d
n - I

d

constant, and Gladstone

constant, are alone men-

tioned {n being the refractive index, and d the density

of the substance). Lorenz's law, that -^-^^ — = con-
{n^ + 2)d

stant, is now most generally accepted. For gases, in

which n is nearly equal to unity, all three laws hold
with about equal accuracy. But Lorenz's law appears
to hold in passing from .the gaseous to the liquid state,

and must therefore be accepted as the most general.
An interesting chapter is devoted to the subject of the

human eye, in which the most well known optical proper-
ties of that organ are discussed. In the ensuing chapter,
on optical instruments, a particularly good account is

given of the optical systems comprised in telescopes and
microscopes of various patterns. It is surprising, how-
ever, that the ophthalmoscope and ophthalmometer are
not mentioned, and are in fact so seldom found described
m works on geometrical optics. Both instruments involve
interesting optical arrangements, and their practical
usefulness would render a description of their details
still more interesting. E. E.

Therapeutic Electricity and Practical Muscle Testing. By
W. S. Hedley, M.D., M.R.C.S. England. Pp. ix -f 278 ;

3 plates
; 99 illustrations. (Lo.idon : T. and A.

Churchill, 1899.)

The increased use of electro-therapeutic methods renders
the appearance of Dr. Hedley's book welcome. The
profession have for some time looked somewhat askance
at this departure in therapeutics, and are, in many branches
of this practice, rather inclined to regard the good effect
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of the treatment as moral and not actual. The work
before us considers the whole subject from a scientific

standpoint, and any one interested in it will gain con-
siderable profit from its perusal.

The reader must be warned at once that the book con-
tains no mention of radiography or the application of the
Rontgen rays to the healing art, either from a diagnostic or
therapeutic standpoint The author, in his preface, admits-

that the work is a therapeutical one, and to some extent

apologises for the description of such instruments as the

cyscoscope, &c. No doubt he thinks the profession is

in possession of sufficient literature upon the subject of

radiography,, which may or may not be true ; the sphere
of usefulness of the book would, however, certainly have
been increased by the inclusion of this subject.

The work is divided into three parts. The reason for

this classification is not quite evident ; a part as a classi-

fication unit seems, in the author's hands, to differ to no
material extent from a chapter. Further, each part is

chaptered separately, which, without some very special

object is to be gained, is a bad plan ; from this it follows

that the book contains three Chapters i., &c.
The first part is mostly concerned with those general

physical considerations which have a special bearing
upon what the author in the first chapter of Part ii. calls

the electro-therapeutic outfit. A good account is given
in Chapter vii. (p. 65) of currents of great frequency
and high potential, which, as has been frequently shown,
are of great therapeutic value. Much technical detail is

given, both of a purely electrical and electro-physiological

character.

One of the most useful chapters from the standpoint of
the general physician is Chapter v. Part ii., upon the
action of muscles and the consequences of their paralysis.

In Chapter x. Part iii., an interesting account of cala-

phoresis is
.
given. Very frequent mention is made of

authors' names and no reference added, nor is there an
index of authors at the end, or anything in the shape of

a bibliography. Mere chance or whim has apparently
guided the author in giving or omitting the full reference
of a work cited ; in some cases the full reference of
important monographs is withheld, in others that of
trivial ones given. This method cannot be too severely
deprecated.
To sum up our remarks, it is with the manner and not

the matter of the book we find fault. It is full of usetul

and, indeed, essential information to those working in

this field ; the author has spared no pains to collect fact

bearing upon and elucidating his subject.

Lessons in Botany. By Prof George F. Atkinson, Ph. B.
Pp. XV -1-365. (New York : Henry Holt and Co., 1900.)

Thk present volume is, in a sense, an abridged edition

of an excellent text-book by the same author, which
appeared a year or two ago. The subject-matter is care-

fully arranged to suit the convenience of teacher land
pupil, and altogether the book is one which should prove
useful in this country as well as in America. Naturally,
from the British point of view, the difficulty of obtaining
the needful specimens occasionally may turn up, though
this would not recur very often. We can confidently
recommend Prof Atkinson's book to the notice of
teachers.

Outlines of Plant Life., with special reference to Form
and Function. By Prof. Charles Reid Barnes. Pp.
vi -1-308. (New York : Henry Holt and Co., 1900.)

This is a work intended for school use. It has some
points of merit, especially the special part on ecology, in

which the examples are well chosen and fully illustrated.

The illustrations, though almost all are (with due acknow-
ledgment) borrowed from other works, are distinctly

good. We think the book a useful one, and the exercises

which are interspersed through the volume add to its

value.
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LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intended for this or any other part of Nature.
No notice is taken ofanonymous communications. "^

Note on some Red and Blue Pigments.

The following data are placed on record because interesting

in themselves, and in the hope that they may be useful to others

who have the opportunity to make further investigations.

(1) A little boraginaceous plant called Eremocarya micrantha

(Torrey) is common in sandy places at Mesilla Park, New Mexico,

flowering in April. A few days ago, Prof. E. O. Wooton called

my attention to the fact that its roots are deep red, and stain

herbarium paper. Curious to learn more about this peculiar

coloration, I made some tests, with the following results :—The
pigment is not soluble in water, but it readily dissolves in cold

alcohol, forming a beautiful red solution. The roots, after being

treated with alcohol, become while, showing that the pigment is

entirely superficial, and is apparently an excretion from the root.

The red colour is that of the normal or acid state of the pigment,

but on adding enough liquor potassa; to make the solution alka-

line, the colour immediately becomes a beautiful blue. An ex-

cess of strong caustic potash does not destroy the pigment until

after a considerable time. Prof. A. Goss tested the delicacy of

the colour-reaction in the presence of acids and alkalis, and found

that a very small excess of one or the other would give the

characteristic colour. The pigment is, of course, an anthocyan,
very similar, at least, to litmus ; and it may be that it can be
utilised for the same purposes.

(2) It has been remarked more than once that whereas the

hind wings of Acridiidre (grasshoppers) are sometimes blue,

sometimes red, and sometimes yellow, species living in the same
locality, though of very diverse genera, will often have similarly

coloured wings. In the Mesilla Valley we have common species

with red and with yellow wings ; but in the Organ Mountains,
not far away, I found two species very abundant, both having
blue wings, and otherwise coloured much alike, though of totally

different genera. These were Leprus wheeUri and a Trimero-
tropis which I took for T. cyanetpennis, but which Mr. S. H.
Scudder tells me is distinct and apparently undescribed. As the

blue of the wings appeared to be certainly a pigmentary colour,

and much resembled the vegetable anthocyans, I detached one
of the wings of Leprus wheeleri, and boiled it in dilute hydro-
chloric acid. As I had hoped, but hardly ventured to expect,

the blue at once became red. Heating the thus reddened wing
in liquor potassiE did not change it back to blue, but caused it to

turn yellow. I infer that the blue pigment has a red (acid) phase,

but that strong alkali will destroy it altogether, leaving a yellow
coloration which is of a different character. It is difficult to

avoid the conclusion that the redness or blueness of the wings in

these grasshoppers may result from the action of some environ-

mental factor (e.g. the juices of plants eaten) upon the pigment,
and that this accounts for the colour-similarity of diverse species

living at the same place. Of course, this is not supposed to

account for the similarity of the colours of the tegmina and
thorax, of which the various shades of grey, red and brown
resemble those of the rocks and ground.

T. D. A. COCKERELL.
Mesilla Park, New Mexico, U.S.A., April 17.

Valve Motions of Engines.

In your number of December 14, 1899, Prof. John Perry men-
tions a dijigram by Mr. Harrison. This diagram is the same as
" Das biz*trische polare Exzenterschieberdiagramm " of F. A.
Brix in the Zeitschrtft des Vereins Deutscher Ingenieure, April

10, 1897.
There is only a small difference, as Mr. Harrison finds the

'iistance OC by means of a circle with radius = length of con-
ccting-rod, and Mr. Brix finds that distance by calculating it

R»
at of -j-}(R = length of crank, L = length of connecting-

rod). Now OC has not exactly that value, but the fault made
therewith is much smaller than the fault made by describing

he circle. Therefore the method of Mr. Brix is preferable to

iiat of Mr. Harrison. F. J. Vaes.
Rotterdam, April 14.
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Mr. Bri.k seems to have solved only the simple case of a
valve worked by an ordinary eccentric. There are other good
graphical solutions—for example, by Coste and Maniquet in a

modified form of the Reauleaux diagram, which gave accurate

results. Mr. Harrison's diagram is more general and is

applicable to link and radial valve-gears and to all motions

which are composed of a simple harmonic vibration with a small

octave superposed. It may be used for velocities and accelera-

tions as well as mere displacements. As to calculating the

R'^
distance OC by the formula rr-' instead of using the construc-

tion of the circular arc, this is a matter of no importance because

there is no appreciable difference in the answers.

April 28. John Perry.

Drunkenness and the Weather.

I NOTICE in )our issue of March 15 a communicatioo from

Mr. R. C. T. Evans, of Gray's Inn-road, W.C, calling attention

to a probable error in my deductions in the paper which appeared

in your issue of February 15, under the title " Drunkenness
and the Weather." He says, " When a man is intoxicated and
commits an assault, the result is entered in the police reports as
' assault,' the more serious offence overshadowing the less ; so

that in all probability many of the cases of assault referred to

in the statement were also cases of drunkenness, but were not

tabulated as such. Studying Prof. Dexter's curves in this light,

we may reasonably conclude that the number of those arrested

for drunkenness or its results, varies but little throughout the

year."

Although his supposition seems a reasonable one, a fuller

statement of the conditions of the study will show that the

fluctuations of the "drunkenness" curve cannot be so easily

accounted for.

First, the monthly occurrence of arrests for drunkenness for

New York City is more than twice that for assault, even in the

summer, when the former are at the minimum and the latter at

the maximum for the year, and if we suppose that every person

arrested for assault in the summer was also intoxicated and
would have come into the hands of the law for that crime if he

had not for the other, even this would not bring the drunkenness
curve up to its normal for the winter months.;

Second, the method of recording crime by the New York
City Department of Police makes this practically impossible.

Misdemeanours are there classified and recorded under 183

different headings. The two which I have compared are

"assault and battery" and "intoxication." Therf^ are, how-
ever, four other classes of assault besides, one for "intoxication

and disorderly conduct," equalling that of "assault and
battery" in the annual number of arrests, besides one for

"fighting." A letter just received from the Clerk of Police

says, ""The crime of intoxication and fighting—a drunken
brawl —would be classified in the statistics as ' intoxication and
disorderly conduct.'" A careful analysis of all the conditions

would make it seem that only occasionally would arrests for

"assault and battery" encroach upon the data of drunkenness.

I believe they might sometimes do so, but not sufficiently often

to materially influence the curve. Edwin G. Dexter.
Greeley, Colo., April 17.

SOME SPECULATIONS AS TO THE PART
PLAYED BY CORPUSCLES IN PHYSICAL
PHENOMENA.

IN some experiments described in the Phil. Mag.
October 1897, I showed that in the kathode rays

there were present bodies whose mass was exceedingly

small compared with the masses of ordinary atoms ; these

masses, which carry a charge of negative electricity, I

called "corpuscles." Ever since then I have indulged in

speculations as to the possibility of these corpuscles

existing in a free state in ordinary matter not under the

influence of the very intense electric field which are

associated with the kathode rays. As recent work has
produced some evidence of the free existence of these

corpuscles, I have thought that these speculations might
be of some interest to a wider circle than that to which
they have hitherto been addressed. In the Phil. Mag.
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(February 1900), I showed that these corpuscles existed

in the neighbourhood of a hot wire and of a metal plate

illuminated by ultra-violet light, and recently the discovery

by Giesel, Curie and Becquerel of the magnetic deflection

and electric charge carried by part of the radium radiation

may be interpreted as indicating the existence of cor-

puscles in this substance.

I suppose, then, that there is a certain amount of what
may be called corpuscular dissociation taking place in

bodies ; that some of the molecules of the substance are

continually breaking up by the detachment of a corpuscle,

and are being reformed by the arrival of another corpuscle ;

the result of this is that at each instant there are a certain

number of free corpuscles with negative charges distributed

throughout the body, while the corresponding positive

charges are on the molecules of the body, the corpuscles

are much more mobile than the molecules ; indeed, in

solids and liquids, the latter may be regarded as almost
fixed in comparison with the former. We thus get the

conception of a body permeated with corpuscles which
are able under forces to move from one part of the body
to another. We must remember that, as the particles are

charged, any movement will be accompanied by electrical

efifects and, in general, a volume density of electrification.

The actual number of corpuscles free at any instant is

the result of an equilibrium between the number of cor-

puscles produced by dissociation and the number which
recombine. Thus if 5^ is the number of corpuscles pro-

duced by dissociation in unit volume in one second, t the

time during which a corpuscle is free {i.e. the time which
elapses between its departure from one molecule and its

entry into another), // the number of free corpuscles in

unit volumes, then when there is equilibrium q= }iJT or

n=Tq= \qlu, if X is the mean free path of the corpuscle

and u its velocity of translation. In non-conductors we
suppose that there are very few corpuscles, but that they
are abundant in metallic conductors. Let us now trace

some of the consequences of the existence of these cor-

puscles in a solid, and suppose for the moment that the

positively charged molecules are fixed ; if the corpuscles
are acted upon by gravity (of which point we have
no evidence), then in a vertical bar of metal the

number of corpuscles in unit volume will be greater

at the bottom of the bar than at the top, for just

the same reason as the density of the air gets less

as we go higher ; thus in this case gravity would pro-

duce a displacement of electricity, the bottom of the
bar being negatively and the top positively electrified.

Again, in a rotatmg mass of metal the centrifugal force

would tend to drive the corpuscles towards the surface
;

there would thus from this effect be an excess of the

corpuscles near the surface and a deficit near the axis.

Thus the outer parts of the metal would be negatively and
the inner parts positively electrified, the rotation of the

negatively electrified corpuscles being no longer com-
pletely balanced by that of the positively electrified

molecules would give rise to a magnetic field ; thus a
large mass of rotating metal would act as a magnet.
Again, suppose we place a piece of metal in a magnetic
field, the action of the magnet on the moving corpuscles
will make them describe curved paths, and we can easily

see that the magnetic effect due to the particles moving in

this way is in the opposite direction to that of the external
magnetic field. Thus a metal containing these corpuscles
would tend to act like a diamagnetic substance. Again,
suppose the metal is exposed to an electric force X, the
corpuscles will acquire an average velocity along x equal to

XTe/2m, where m is the mass of a corpuscle and e its

charge. Let us call this velocity 7^X, then the electric

current across unit area is nevX ; thus nev or qe^X'/2inu^ is

the specific conductivity of the substance. If we suppose
that u, the mean velocity of translation of the corpuscles,
varies with the temperature in the same way as the velocity
of translation of the molecules of a gas, //tu- would be pro-
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pottional to the absolute temperature, and the specific

resistance would, considered as a function of the absolute
temperature 0, vary as dlq ; if q, the amount of ionisation

increases as the temperature increases, the resistance will

vary more slowly than the absolute temperature ; if q
diminishes as the temperature increases, the resistance

would vary more rapidly than the temperature. These
corpuscles moving from place to place would carry not
merely electric charges, but energy from one part to

another ; and since the coefficient of diffusion of these cor-

puscles is proportional to 7/, the thermal and electric con-
ductivities would be proportional to each other. Again,
when we have conduction of heat we have unequal streams
of these corpuscles in opposite directions ; thus the un-

equal deflection of their paths produced by a magnet
would give rise to an electric displacement, and we should
have an electromotive force at right angles to the mag-
netic force and to the temperature gradient, an effect

discovered by v. Ettinghausen and Nernst. From the
conductivity of the gas we can deduce the value of nev.

We know the value of e, and hence another equation
would enable us to determine n and v ; for this purpose
we turn to the Hall effect, but here the results are dis-

appointing, for we can easily prove that when E* and E
are the tranversal and longitudinal electric forces and H
the magnetic force, EVEH - '^4^ -J'-A^ where t/j and

v.> are respectively the velocities of the negative corpuscles

and positive molecules under unit electric force, and ky

and >^2 the values of k for these ions where k == pres-

sure -^ number of systems in unit volume. If both the

negative corpuscles and the positive molecules behave
like perfect gases, k^ = k.^ and EVEH = \v^, since v.^ is

very small ; thus, on this supposition, the Hall effect would
give us the value of v ; but there seems no reason to

suppose that the positively electrified molecules in the

solid would produce the same pressure as an equal
number of molecules in the gaseous state, and thus
though v.^ is small compared with t/j, k.^ may be so small

compared with k^ that k^v.^ cannot be neglected in com-
parison with k.2Vy, and in this case the Hall effect would
not be sufficient to determine v. The fact that the Hall

effect is of different signs for different substances shows
that we have to take into account both terms in the

expression for EVEH.
Again, if different parts of a metal bar were at different

temperatures, the "pressure" as it were of these corpuscles

would be different at different parts of the bar, so that

the corpuscles would tend to flow from one part of the

bar to the other, and cause an electric displacement
;

thus difference of temperature would cause an electric

displacement. This is the Thomson effect, measured by
the "specific heat of electricity." The value of the

"specific heat of electricity" will on this theory depend
not only on the variation with temperature of the kinetic

energy of a single corpuscle, but also on the way the

dissociation constant q varies with the temperature.

There are many other phenomena which can be inter-

preted in terms of these corpuscles, but these I must
leave for another occasion. J. J. Thomson.

Cavendish Laboratory, Cambridge, April 30.

SCIENCE IN RELA TION TO ART AND
INDUSTRY.

AT the annual banquet of the Royal Academy on
Saturday evenings Sir Norman Lockyer, in replying

on behalf of science, made the following remarks upon the

intimate relation between intellectual progress and the

study of nature, and also upon the necessity for a more
liberal provision for scientific work if England wishes to

compete successfully with other nations struggling for

industrial supremacy. Though the public mind may be
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disturbed by the statement of the principle that the pro-

vision made for scientific and technical study and re-

search should be as great as that given by any two other

nations, the comparison will serve a useful purpose in

directing attention to a view of the claims of science

worthy of consideration.

It is a very great honour for a student of science to be called

upon in such an august assembly as this to say a few words ; but

if I am to be accepted as the representative of science I do not

wish to be fettered by your suggestion, Sir, that I should refer to

the dependence of art on science. I am sure that I may frankly

say for every man of science that we acknowledge freely the firm

brotherhood between art and science—a brotherhood founded
upon a common object, the study of Nature, "the mistress of

all the masters," and carried on by a common method, the

proper co-ordination of brain, hand and eye. In every case

with which a man of science or a man of art has to deal, imagina-

tion is required, and so science and art meet upon terms of

mutual helpfulness. I think I may also say that this feeling is

horoughly reciprocated by men of art, for many of them honour
me with their friendship, and therefore I know their sentiments.

I am the more anxious to say this because some twenty years

ago, when I was privileged to attend this anniversary dinner, I

heard a distinguished representative of literature express a totally

different sentiment. He told us that "before their sister,

Science, now so full of promise and pride, was born, there were
Art and Literature like twins together," and it was suggested
hat the sooner art and literature formed an alliance ofi'ensive

and defensive against the interloper, the better it would be for

them. I do not believe in this. For me science is as old as art.

They have both advanced together. Let us take the position

of things 6000 years ago, to begin at the beginning of things, if

we can. Then the priest-mummifiers of Memphis had to be
profound anatomists. If you go to the Gizeh Museum you find

magnificent specimens in those statues of Chepren in diorite,

other statues in wood, and the plaques, veritable Memlings in

stone, which clearly show that this knowledge was also possessed

by their sculptors. If you come down to a comparatively modern
period, something like 600 B.C., and compare those wonderful
metopes of Solinunto with the marbles of the Parthenon, which
are of a later date, you will find an enormous advance in the

latter. You will find that Hippocrates had lived in the interval,

and, indeed, that he and Phidias were contemporaries and fellow-

townsmen. Carrying the matter down to the introduction of

Universities into Northern Italy in the thirteenth century, we find

that the difference between the art of Cimabue and Giotto de-

pends on the fact that anatomy had been introduced in the
meantime. Science, then, is no new interloper, seeking to de-

tract from the importance of art and literature. What was new
twenty years ago was that the work of the late Prince Consort,
whose name will always be revered by those who know the

benefits he conferred on ourcountry, was then beginning to tell.

He showed us that in order to secure industrial progress we must
have, above all things, instruction and practice in science and
art. In war, being well assured of the valour and endurance of

ur sailors and soldiers, the chief thing we have to do is to see

hat they are properly supplied with the engines and munitions
if war, and, more than these, the scientific spirit. In peace,

for the beauty of a nation's life and a perfect record of it, we
must look chiefly to the sweetening and ennobling influences of

art and the enduring works of its masters ; but for a nation's

continued welfare and progress both science and art are neces-
sary. We are in face of industrial struggles, and we must utilise

both science and art to supply the wants of our own and other
countries, and to provide commodities made in England, besides
handling

^ " Things of beauty, things of use,

That one fair planet can produce,
Brought from under every star."

We are in face of a struggle for existence in which we know full

well that only the fittest will survive. How are we going to

carry on the struggle? What are our weapons? Our first line

of defence in this direction can only consist of our Universities

and our teaching centres. Have we enough of them ? We
know already that we have not enough of them, because we have
already lost several important engagements in these industrial

battles. Are there no means by which we can judge of their

sufficiency ? In relation to non-peaceful international struggles

in which also defeat has to be guarded against, a clear and
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universally approved policy has been enunciated ; this is, that

the future of our empire, an empire the real unity and strength

of which are developing under our eyes at this moment, can be
secured if we see to it that our first line of defence, our fleet,

shall be equal in strength to the fleets of two other possibly

contending powers. The second answer then, I think, is that

this principle should be applied to our first line of defence in

those industrial conflicts the results of which are much more
enduring. Do our teaching and research centres at present

outnumber in the same proportion, as do our ships, those of

any two nations which are actually contending with us in

peaceful enterprise ? And, also, are they equally efficient in

every respect ? I believe, and I know that this view is held by
many representative men of science, that until our Universities,

our science schools, our art schools, and our technical institu-

tions bear the same relation both in number and efficiency to

those of other nations as do our battleships, cruisers, and small

craft, we shall not be justified in regarding the future of the

empire with that freedom from care which is the attribute of a
strong man armed.

NOTES.
Prof. E. Suess, professor of geology in the University of

Vienna, has been elected a Foreign Associate of the Paris

Academy of Sciences, in succession to the late Sir Edward
Frankland. Sir John Burdon-Sanderson, Bart. , has been elected

a Correspondant of the Academy, in succession to the late Sir

James Paget.

Dr. S. L. Tornquist, of Lund (Sweden), has been elected a

Foreign Member of the Geological Society, and Prof F. Sacco,

of Turin, has been elected a Foreign Correspondent.

We much regret to see the announcement of the death of

Lieut. -General Pitt-Rivers, F.R.S., the distinguished anthro-

pologist, on Friday last.

The annual conversazione of the Society of Arts will be

held at the Natural History Museum, South Kensington, on

Wednesday evening, June 20.

The adjourned debate on the Sea Fisheries Bill was resumed

in the House of Commons on Monday. After a long discussion,

a division was taken, and a majority was obtained in favour of

the second reading. The Bill was then referred to a Select

Committee.

It is reported that Vesuvius has shown signs of increased

activity during the past few days. Explosions have taken place

in the crater of the volcano, and masses of rock and lava have

been ejected. The huts of the guides and the topmost station

of the funicular railway are threatened. Reuter reported that four

Englishmen who ascended Vesuvius on Tuesday went beyond

the limit indicated as dangerous by the guides and gendarmes,

and were seriously injured by a mass of ejected material striking

them. This however has since been denied by Reuter's Naples

Correspondent.

The U.S. National Academy of Sciences has decided to

award the Barnard medal to Prof. Rontgen for his discovery

of the X-rays. This medal is awarded at the close of every

quinquennial period for a discovery in physical or astronomical

science, or novel application of science to purposes beneficial to

the human race. The first presentation of the medal was to

Lord Rayleigh and Prof. Ramsay for their joint discovery of

argon.

Reuter's Agency learns that Dr. Louis Sambon and Dr.

G. C. Low, who has been awarded the Craggs research scholar-

ship of 300/. per annum, are about to experiment with a view to

proving that malaria is spread by mosquito bites, and expect to

begin work seriously on June i, by which time they will have all

their arrangements completed. A suitable spot has been chosen
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for the erection of their mosquito-proof house in the Campagna,

•on the line of the railway running from Rome to Tivoli.

A MEETING of the International Association for the Ad-

vancement of Science, Arts and Education will be held at the

Society of Arts to-morrow (May ii), at 4 p.m. Sir Archibald

Geikie, F.R.S., vice-president of the British Committee, will

preside. The secretary, Prof. Patrick Geddes, will deliver an

address on the nature and aims of the Association and its forth-

•coming assembly at the Paris Exhibition.

In connection with the International Congress of Physics to

be held in Paris from August 6 to 12, a preliminary programme
of papers has been issued. Over sixty reports have already been

ipromised, and among the names of contributors we notice those

of Amagat, Arrhenius, d'Arsonval, Battelli, Becquerel, Blondlot,

Bouty, Boys, Branly, Brillouin, Broca, Cornu, Curie, Exner,

Griffiths, Hurmuzescu, Lippmann , Lorenz, Poincare, Potier,

Poynting, Pringsheim, Righi, Spring, J. J. Thomson, Villard,

Warburg and Wien.

The next meeting of the Comite International des Poids et

Mesures is fixed for September 10, 1900. Owing to the death

of M. Joseph Bertrand, and the resignation of Prof. Thalen,

two of the original members of the Comite, the number of

members is now limited to eleven. Great Britain will be repre-

sented at the forthcoming meeting by Mr. H. J. Chaney, a

•member of the Comite.

The death of M. Edouard Grimaux, at the age of sixty-five,

occurred during the past week. M. Grimaux succeeded Cahours

as professor in the Ecole Polytechnique at Paris, and also held

a chair at the Agronomic Institute. He made numerous and

valuable contributions to organic chemistry, and was the author

of several chemical treatises. He will be gratefully remembered

by chemists for an admirable biography of Lavoisier, which he

published in 1884. M. Grimaux lately became prominent in

connection with the Dreyfus case. At the Zola trial he ex-

.pressed his belief in the innocence of Dreyfus. For this he was

deprived of his professorship by General Billot, notwithstanding

the fact that he had rendered devoted service to the army in

1870. In 1894 M. Grimaux was elected to the Academy in the

place of Fremy.

Replying to a question in the House of Commons on Mon-
day, Mr. Akers-Douglas stated that the new National Physical

Laboratory is not to be erected, as has been reported, in the

Queen's Cottage grounds, or in any other grounds attached to

Kew Gardens. It will stand quite outside those Gardens on

•Crown land. The only part of the scheme which might possibly

be supposed to affect the amenities of the Gardens is a small

building which will not, at the outside, cover a quarter of an

acre. Tiiis building will be so placed as not to interfere with

the views from the Gardens over the Old Deer Park, and it will

not be opposite to that part of the Gardens round the Queen's

Cottage which is reserved in a wild state. The building will

only be used for delicate scientific work which will not disturb

the seclusion of the neighbourhood of the Queen's Cottage, and

which, in fact, itself requires as much quiet and privacy as can

>be obtained.

The Paris correspondent of the Chemist and Druggist states

that science is represented at the Salon by several portraits of

average merit. The best is that of Dr. Vaillard, head army
surgeon and professor at the Val de Grace Military Hospital,

where he is known to two or three generations of army pharma-

cists who have followed his lectures. Dr. Vaillard is of middle

age, and is shown standing, in regimental dress, with the Cross

of the Legion of Honour on his tunic. His left hand is leaning

on a laboratory-bench, on which are a microscope and a variety
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of analytical appliances. To his right is a lecture-blackboard,

and one can dimly see his written demonstration. The artist is

M. Paul Bourdier. The portrait of M. Hautefeuille, chemist,

and member of the French Institute, is the work of a lady

artist. She shows him in everyday attire in a corner of his

laboratory, sitting at a table, with a collection of scientific

apparatus near at hand ; in the background is a furnace, at

which an assistant in a white blouse is working. M. Tisserand,

of the French Institute, is another portrait of fair merit. One
would like to see more of this class of picture, but must suppose

artists find no market for them.

The death of Dr. Edmund Atkinson on the 4th inst., after a

very short illness, will be a matter of deep regret to his large

circle of friends. He was born at Lancaster in 1831, and was a

student of Owens College, Manchester, in the early days of

that institution. There he became assistant to the late Sir

Edward Frankland, the first professor of chemistry in the

College, and was associated with him in organising the labora-

tory which has since become so well known. About 1854 he

went abroad for some years and continued his .scientific studies

at the Universities of Marburg, Gottingen and Heidelburg, and

at the Ecole de Medecine in Paris under Wurtz. On his return

to England he became private assistant to Sir Benjamin Brodie

at Oxford, then science master at Cheltenham College, and after-

wards professor of experimental science at the Royal Military

College, Sandhurst, and at the Staff College. He was several

times elected upon the council of the Chemical Society, and was

one of the founders of the Physical Society, of which Society he

was treasurer from the beginning until the last anniversary

meeting, with the exception of a short interval a few years ago.

Dr. Atkinson rendered great service to science by his numerous

translations into English of foreign scientific works ; among
these the best known are Ganot's " Elements of Physics," von

Helmholtz's "Popular Scientific Lectures" and Mascart's

"Treatise on Electricity and Magnetism." He was a man of

excellent judgment in practical affairs, and of late years he gave

much time as a magistrate to the local affairs of his neighbour-

hood. He was always ready to undertake onerous duties for

those in need of help, and was a most generous and steadfast

friend.

The council of the Royal Geographical Society have

awarded the two Royal medals for this year to Captain H. H. P.

Deasy and Mr. James McCarthy. The Founders' medal has

been awarded to Captain Deasy for the exploring and survey

work accomplished by him in Central Asia. Mr. McCarthy is

the Government surveyor of Siam, and the Patron's medal has

been awarded to him for his great services to geographical

science in exploring all parts of the kingdom of Siam, for his

laborious work during twelve years in collecting materials for

a map, to form the basis of a survey system, and for his admir-

able map of Siam just completed. The other awards have

been made as follows :—The Murchison award to M. Henryk

Arctowski for the valuable oceanographical and meteorological

work which he performed on the Belgian Antarctic expedition

;

the Gill memorial to Mr. Vaughan Cornish for his researches,

extending over several years, on sea-beaches, sand-dunes, and

on wave-forms in water ; the Back grant to Mr. Robert Cod

-

rington for his journeys in the region between Lakes Nyassa

and Tanganyika, during which he removed, on behalf of the

Society, the section containing the inscription from the tree

under which Livingstone's heart was buried ; and the Cuth-

bert Peek grant to Mr. T. J. AUdridge for his journeys during

the past ten years in the interior of Sierra Leone, during

which he has done valuable geographical work.

The following opportunities for the study of botany during

the ensuing summer season in the United States are mentioned
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in the Journal of the New York Botanic Garden for April :

—

Columbia University, New York, has instituted a summer session,

beginning July 2 and ending August 10. The department of

botany will be under the charge of Prof. Lloyd, who will offer

courses in ecology, general botany, and research work in select

subjects. Students in these courses will have access to the

museum and collections of the Botanic Garden. The Woods
Holl Laboratories will be open from July 5 to August 16, and

the botanical staff includes Dr. B. M. Davis, Mr. G. T.

Moore, Dr. R. H. True, Miss Rhoda A. Esten, and Miss

Lillian G. MacRae. Courses in cryptogamic botany, plant

physiology, and plant cytology will be offered. The biological

laboratory at Cold Spring Harbour will be open from July 2

to August 25, the botanical staff including Dr. D. S. Johnson,

Dr. H. C. Cowles, and Mr. W. C. Coker. Courses of lectures

•will be offered in cryptogamic botany, ecology, and bacteriology.

The Annual Summary of the U.S. Monthly Weather Review
for 1899 contains a very interesting account of the climate of

St. Christopher, by Mr. W, B. Alexander. The island lies in

latitude 17° 20' N. and longitude 65° 45' W. ; its length is 23
miles, and the breadth of the main body is about 5 miles. The
central part is occupied by a range of mountains, the highest of

which, Mount Misery, rises to a height of about 4100 feet.

Tables and diagrams are given showing the barometric pressure

for 35 years, and the rainfall for 44 years at Basseterre, which is

situated in a spacious and fertile valley. The climate, generally

speaking, is dry and healthy, being tempered and purified by
frequent thunderstorms. The mornings and evenings of the

hottest days, which occur in August, are agreeably cool ; the

coldest months are January and February. The mean annual

temperature is about 81^, of August, 83% and February, 78°.

The mean annual rainfall is about 51 "6 inches
; 37 per cent, of

the amount occurs during the first half of the year, and 63 per

cent, during the last half The rainfall is more frequent than

heavy ; it has only reached or exceeded 5 inches in 24 hours

eleven times in 44 years.

In the Proceedings of the South African Philosophical Society,

vol. xi., Mr. J. R. Sutton publishes an important discussion of

the winds of Kimberley. The results are obtained from three

years' hourly observations with Oiler and Robinson anemo-
meters. The period is admittedly short ; but the excellence of

the position and the scarcity of hourly observations in South
Africa are quoted as reasons for not delaying the^appearance of the

paper. The observatory is situated at Kenilworth, about three

miles N.N.E. of Kimberley, at an altitude of nearly 40CXD feet.

It has been supposed that there was an overwhelming excess of

northerly winds, and theories have been propounded why this

is the case ; but the conclusion to be drawn from the paper is

that while sometimes one and sometimes another direction may
preponderate from year to year, a definite prevailing wind does

not exist. Of the 25,898 hours of wind analysed throughout

the three years, the final resultant contains the small components
of only 50 hours to the north and 100 hours to the west. The
diurnal curve of wind velocity contains two maxima (2h. p.m.

and loh. 45m. p.m.) and two minima (5h. a.m. and 7h. 30m.
p.m.). The mean hourly velocity is 6 •6 miles per hour.

An interesting illustration of Doppler's principle is noted by
Prof. F. Richarz, of Greifswald. The writer was standing by
the Brenner Pass near a curve where a railway train was
approaching him, the line being backed by a wall of mountain.

On the engine giving a short whistle, an echo was heard, the

pilch of which was at least half a tone lower than the original

sound.

The American Museum of Natural History, New York, as

we learn from a note recently published by Mr. J. A. Allen,

has recently obtained a specimen of the head of the wood-bison
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(Bison americanus athabascae), which is still in existence in the-

forests near Great Slave Lake. Compared with the bison of
the plains (now extinct in a wild state) the woodland bison is

stated to be rather larger than the former, and to have the

bases of the horn-cores relatively thicker. In 1894 the herd of

wood-bisons in the Great Slave Lake district was estimated to

be some hundreds in number, but in 1899 it was reduced to

about fifty. A very few years more will probably witness the

complete extinction of this animal.

At a recent meeting of the Geographical Society of France,
the well-known naturalist, M. Grandidier, the author of the
great work upon the natural history of Madagascar, gave an^

account of his last expedition to that Island, in 1898-99^
M. Grandidier landed at Tulear, on the south-western coast of

the Island, and thence made an adventurous journey through
the interior to Fianarantsoa, in the Betsileo country, in the south-

eastern district. M. Grandidier on his way visited the well-

known deposits of Ambolisatra, about 35 kilometres north of
Tulear, where numberless fragments of Aepyornis, and almost
entire skeletons of the small Madagascar hippopotamus, besides

remains of many lemurs of gigantic size and other extinct

animals were obtained. From Fianarantsoa, M. Grandidier
proceeded north through awellknowncountry to Antananarivo,

the capital of the Island.

As in the case of other larger mammals, the process of
dividing the giraffe {Giraffa camelopardalis) into " sub-species"

is now proceeding apace. Mr. de Winton (P.Z.S. 1897,

p. 273) first showed, on good grounds, that the giraffe of South
Africa was, in certain points of structure, different from the

giraffe of the Sahara and Nubia, and proposed to call the former

Giraffa capensis, leaving the old name Giraffa camelopardalis

for the northern form. Since then, Mr. O. Thomas (P.Z.S.

1898, p. 40) has separated the giraffe of Upper Nigeria from
the northern form under the title Giraffa camelopardalisperalta.

Still more recently, Herr Matschie, of Berlin (Sitzb. ges. Nat.
Fr. Berlin, 1898, p. 75), has added two new names to the list

of giraffes, and called them after their discoverers, G. tippels-

kirchi and G. schillingsi, the former being from German East

Africa, and the latter from British East Africa. It is curious

that these two closely adjoining districts should not agree even

in having the same form of giraffe !

The Quart. Journ. Micr. Science for April contains an account

by Monsieur P. Bouvier of the results of his examination of the

specimens of the primitive Arthropods, commonly known as

Peripatus, in the collection of the British Museum. The author,

who adopts the generic divisions proposed by Mr. Pocock,

names one new Andean form after the Director of the Museum,
and shows that, with the exception of one from the Congo and
a second from Sumatra, all the representatives of the typical

genus Peripaliis are American. To the same journal Mr. E.

Warren communicates a paper on the individual differences

exhibited by one of the water-fleas (Daphnia magna)\n its power
of withstanding the introduction of salt into the water in which

it lives. The physiological condition of the individual is found
to have a great effect on it salt-resisting powers.

In the last issue of the Zeitschr. IViss. Zool., Dr. R. Gast

relates the life-history of a rotifer of the genus Apsilus, speci-

mens of which were recently found in an aquarium at Leipzig.

This paper is followed by one on the development of a spjnge

of the group Sycones by Dr. O. Maas, which is worthy of

special notice on account of the beauty of the illustrations.

Mention has already been made in these columns of the descrip-

tion in the Notes from the Leyden Museum of the crustaceans

collected during the Dutch Expedition to Central Borneo. In

the March issue of the same serial this is followed by an account
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of the birds, which have been worked out by Dr. Biittikofer.

Although expectations were entertained that many new forms

would be obtained, out of 269 species collected all were pre-

viously known, and only two were new to Borneo.

The April number oiXht Journal of (he Quekett .Microscopical

'Club contains the description, by Mr. J. G. Waller, of a new

marine British sponge, obtained soms twenty years ago at

Torbay, for which the name Raphiodesma affinis is suggested.

Another addition to the British fauna is a new species of

Hymenoptera {Prosopis palustris), from Wicken Fen, Cim-
bridgeshire, described by Mr. R. C. L. Perkins, in the Ento-

mologist's Monthly Magazine for March. This discovery should

strengthen naturalists in their opposition to the proposed drain-

ing of the fen in question.

Many strange objects are worn by savage peoples, and for

various reasons, also, as with us, rarity usually enhances value.

In the Pelew Islands the rubbed-down first ver'ebra (atlas) of

the dugong is worn as a bracelet by the more important men,

for it is not often that the vertebra in question is large enough

to be so worn. The "klilt," as it iscalled, has recently been

fully described and figured by Dr.O. Finsch {Globus, Ixxvii. 1900,

p. 153). In the Timor Group a wooden imitation is employed ;

but in Timorlaut the second vertebra (axis) of the dugong is

employed ; but, although the dugong is greatly hunted in Torres

Straits and in South-eastern New Guinea, no ornaments are

taade from its bones or tusks.

'" Dr. Hermann Meyer gives an account of a second journey

to explore the head waters of the Xingu, in the Verhandlungen

of the Berlin Gesellschaft fiir Erdkunde. The route taken was

from Cuyaba, reached by ascending the Parana-Paraguay from

Buenos Ayres, over the watershed and down the Ronuro to its

junction with the main stream, and back to Cuyaba up the

course of the Kulischu ; practically the same as the former

journey of 1896-97, except that the Ronuro was followed

throughout its length instead of the Jatoba, a tributary joining

it in its lower course. Dr. Meyer concludes that later expedi-

tions will avoid the Ronuro ; the Ku lischu gives the best access

to the region, an exploration of which as far as the Paranayuba

would give valuable scientific results.

The new number of the Aliliheilun^en von Forschungsreis-

enden tend Gelehrten aus den deutschen Schiltzgebieten contains

some interesting papers from the German East African region.

Captain Kannenberg gives the first part of an account of a

journey through the Marenga Makali region, with a map. The
pendulum expedition under Dr. Fulleborn and Lieut. Glanning

reports progress. A summary of the results of the geological

expedition in the region north of Lake Nyassa under Dr. Danz
is given, and Lieut. Baumstark contributes a paper on the

Warangi.

Dr. H. Nagaoka has contributed a valuable paper on the

elastic constants of rocks and the velocity of seismic waves to

the Publications of the Japanese Earthquake Investigation Com-
mittee (No. 4 in Foreign Languages). His experiments were

made on about eighty specimens of different rocks, cut into

prisms 15 cm. long and nearly i cm. square in section. They
showed at once that Hooke's law does not hold even for very

small flexure and torsion, the deviation being prominent in

certain specimens of sandstone, and more marked in torsion

than in flexure experiments. On releasing the rocks from stress,

the return to the original state is extremely small. The elastic

constants of archsean and palaeozoic rocks (whether of igneous

origin or otherwise) are far higher than those of cainozoic rocks.

though the velocity of elastic waves in them is not higher in the

same proportion. So far as the experiments go, the elastic con-

stants increase more rapidly than the density, so that the velocity
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must be greater in the interior than at the surface of the earth's

crust.

We have received the Twenty-fourth Annual Report of the

Geological and Natural History Survey of Minnesota for the

years 1895-98 ; a report which is stated by Mr. N. II. Winchell,

the State Geologist, to be his final one. As he remarks : " It

ought not to be supposed that by the closing of active work by

the present survey, and the publication of its final report, the

geology of the State is a finished thing. Geology is a progres-

sive science, and requires continual work." Other States have

had surveys which have been hurried to ' " completion," and

have naturally had to enter upon re-surveys, more careful and

elaborate. Our own Geological Survey has experienced this as

much as any of those abroad ; where impatience to see the work

"completed" and smallness of revenue have hampered and

retarded real progress. The report bciore us contains a synop-

sis of the field-work done in Minnesota since 1894, and a useful

alphabetical index to the entire series of annual reports of the

Survey. Mr. Winchell also notes some of the more important

ec )nomic and scientific researches which should be carried on in

a future survey of the State.

In the " Palccontologia Indica " for 1899, there is a descrip-

tion of the Cambrian fauna of the Eastern Salt -range, by Dr. K.

Redlich, who has supplemented the work of Waagen with more

detailed information. A new genus, Hoejeria, is now estab-

lished for the specimens previously referred to Olenelhis.

Among other fossils described are Hyolithes, Lingitlella and

Pseudotheca. The name Cylindrites is applied to " long

cylinders, which are often arranged in a fan-shaped aggregate,"

and appear to be worm-tracks ; but it may be pointed out that

the name was long ago applied to a genus of Gasleropods.

None of the Cambrian fossils from the Salt-range can, in the

author's opinion, be referred to a later horizon than the Para-

doxides-zone. Dr. F. Noetling contributes notes on the

morphology of the Pelecypoda, dealing with the hinge of some

Miocene and recent bivalves. He endeavours to show that the

shape and the delicate and minute variations in the shells can to

some degree be expressed better by figures than by words. Dr.

C. Diener describes the Anthracolithic fossils of Kashmir and

Spiti. In studying the collections made by the Geological

Survey of India, he came to the conclusion that fossils both of

Permian and Carboniferous ages were included in the series ;

and he uses the term Anthracolithic as a convenient one for a

Permo-Carboniferous group, which appears to be intimately

connected stratigraphically and palseontologically. Among the

specimens described, the presence of many European types of

Carboniferous Brachiopoda is noted, and there are also affinities

with the Australian Carl)oniferous fauna.

In the form of "Appendix No. 2" for 1900 to the Kew
Bulletin, we have the usual list of new species of plants brought

into cultivation for the first time during last year, or re-introduced

after having been lost from cultivation.

Three of the photographs in natural colours, taken by Mr.

H. J. Mackinder in his journey to the summit of Mount Kenya,

are reproduced by a three-colour process in the May number of

the GeographicalJournal. Colour photography has thus been

brought into the service of geographical exploration, and we may
expect to see further developments of its use.

The May number of the Journal of the Chemical Society,

which now appears with a regularity worthy of emulation by

the publications of other scientific societies, contains Sir Henry

Roscoe's memorial lecture on Bunsen, accompanied by a photo-

gravure of the lamented chemist, and Prof. Thorpe's presi-

dential address on some characteristics of the study and progress

of chemistry in Great Britain during' the present century.
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The current number of T/ie BniUer (May 5) contains repro-

ductions of Mr. Aston Webb's drawings of the proposed build-

ings to be erected in the Imperial Institute Road, South Ken-

sington, to accommodate the physics and chemistry departments

of the Royal College of Science. The original drawings are on

view at the Royal Academy.

The " Statesman's Year-book," edited by Dr. J. Scott Keltie,

with the assistance of Mr. I. P. A. Renwick (Macmillan), has

been accepted as a trustworthy authority upon all matters of

political geography for so many years, that people familiar with

its pages, and therefore conscious of the extent and accuracy of

the information contained in them, regard it as one of the few

essential annuals. The volume for 1900, which has just been

published, is larger than any previous edition, and the numerous

rearrangements of territories which were made last year have

necessitated many changes in the text, several of the sections

having been almost rewritten. Four specially prepared coloured

maps are included, dealing with (l) the partition of North-east

Africa ; (2) the reorganisation of British Nigeria and the French

West African territories ; (3) the political partition of the Pacific ;

(4) the final arrangement of the boundary between British

Guiana and Venezula. The " Year-book " is thus an epitome

of recent geographical events as well as a manual of statistical

and historical information concerning the states of the world.

So long as the volume is kept so completely up to date as it is at

present, it is not likely to be superseded.

In a short note in the current number of the Berichle, Dr.

Marckwald discusses some peculiarities shown by picric acid

and its solutions, in the light of the ionic hypothesis. Picric

acid, as usually obtained, has an intense yellow colour, but on

recrystallising from strong hydrochloric acid it becomes nearly

colourless. If this white crystalline mass is sucked nearly dry

at the filter pump and washed with a little water to remove the

adhering hydrochloric acid, the yellow colour at once returns.

The mother liquor, which at first has only a p.\le yellow colour,

also becomes more intensely coloured as water is added. Dr.

Marckwald shows that if it be assumed that picric acid is itself

colourless, but that the ions, C6H.2(N02)30, are coloured, all

these somewhat perplexing phenomena find an immediate ex-

planation in terms of the theory of electrolytic dissociation.

The confirmation of the relations deducible by thermo-

dynamics as existing between the freezing-point and vapour

pressures of a very dilute solution, although of considerable

importance for the electrolytic theory of solution, presents great

experimental difficulties, especially as regards the vapour pres-

sure determinations. An ingenious method attacking this

problem is described in the current Zeitschriflfiir physikalische

C/iemie, by Dr. R. Gahl. A measured volume of air is drawn
through the solution, such as hydrochloric acid, and this is

passed through pure water, the change of electrical conductivity

of which is measured. The number of cases in which such a

method can be applied is obviously restricted, but the accuracy

attainable appears to be of the order of 'ooi mm. of mercury.

The additions to the Zoological Society's Gardens during the

past week include a Grys-bok {Raphiceros inelanotis) from South

Africa, a \ellow- whiskered Lemur {Levuir xanthotnystax) from

Madagascar, presented by Mr. J. E. Matcham ; a Violet-

necked Lory {^Eos riciniata) from Molluccas, presented by Mr.
H. R. Filliner; two Australian RAxh {Hallus pecloralis) from
New Holland, presented by Mr. C. J. Fox ; a Common Boa
(Boa constrictor) from South America, an Egyptian Eryx {Eryx
jaculus) from Egypt, presented by Mr. C. W. Lilley ; two Eyed
Lizards (Lacerta ocellata), European, presented respectively by
Miss Robinson and Miss Ash ; two Edible Frogs {Rana escti-

lento) from Biskra, presented by the Hon. Mrs. A. Cadogan ; a
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Crowned Lemur (Lemur coronaliis'^, a Black Lemur (Lemur

niacaco), two Blackish Sternotheres (Slernolhoerus nigricans), a

Radiated Tortoise ( Testudo radiata) from Madagascar, a

Slender Loris (Loris gracilis) from Ceylon, two Amherst's

Pheasants (
Thaumalea picta, d ? ), ten Reeve's Terrapins

(Damonia reevesi), a Three-banded Terrapin (Cyclemmys tri-

fasciata) from China, a Grooved Tortoise (7<?.r/«rf(!> cakarala)

from Khartoum, too Roofed Terrapins (Kachuga tectum), a

Hamilton's Terrapin (Damonia hamiltoni) from India, a

Derbian Sternothere (Sternothoerns derbianiis), two Black

Sternotheres (Stertutfuerus niger) from West Africa, three

Chequered Elaps (Elaps leinniscatus) from South America, a

Glass Snake (Ophiosaurus apu^), European ; six Kentucky

Blind l<ish (Amblyopsis speloea) from Kentucky, deposited ; a

Brazilian Tapir (Tapirus americaiiu^, i ) from South America,

a Cape Hunting Dog {Lycaon pictus, 9 ) from South Africa, two

Siamese Pheasants (Euplocamus proela'us, £ 9 ) from Siam, two

Rufous-tailed Pheasants (Euplocavins erythropthalmus, & 9 )

from Malacca, purcha.sed ; a Crowned Lemur (Lemur coro-

iiatus), an English Wild Cow (Bos taurus), born in the

Gardens.

OUR ASTRONOMICAL COLUMN.
Co.MKT GiACOBiNl (igoo a).—This comet has been in an un-

favourable position for observation during the past few weeks,
but is now rapidly leaving the sun, and may 'oe searched for

in the early morning. The following ephemeris is an abridg-

ment from one given by Herr A. Berberich, of Berlin, in the
Astronomische Nachrichlen (Qd. 152, No. 3636):—

Ephemeris for 12/1. Berlin Mean Time.

1900. R.A. Decl.

May 21 ... I 17 22 ... -i-24 218
22 ... 16 27 ... 24 41-4

23 ... 15 30 ... 25 1-2

24 ... 14 31 ... 25 21-4

25 ... 13 29 ... 25 41 -8

26 ... 12 26 ... 26 2-6

27 .. II 21 ... 26 23-6

28 ... 10 13 ... 26 44-9

29 .. 93 ... 27 6-5

30 ... 7 50 ... 27 28-4

31 ... I 6 34 ... 4-27 50-6

At present the comet is moving slowly in a north-westerly
direction through the constellation Pisces, almost in a line

between j3 Arieles and a Andromedte.

Coix)UR Screens for Refracting Telescopes.—The
Aitronoviische Nachrichten (Bd. 152, No. 3636) contains a
description of some experiments undertaken by Messrs. T. J. J.
See and G. H. Peters, at the United States Naval Observatory,
to determine the utility of viewing celestial objects through
variously coloured screens. It was thought that if a suitable

screen was chosen which would cut off the violet light of the

secondary spectrum shown by the lens, that a considerable im-
provement of the definition might be expected, and after trial of

several types of light filter, several were found which did

niaterially improve the seeing. The screen specially recom-
mended consists of a solution of picric acid and chloride of

copper in alcohol. This is applied in a small cell made to fit as

a cap outside the eyepiece of the telescope. It is thought that

the method may improve meridan work by furnishing better

defined star-discs, and also planetary micrometer measurements
on account of the diminution of irradiation.

Photometric Revision of Harvard Photomktrv.—
The Harvard Photometry, showing the brightnesses of stars north
of declination —30", and of the sixth magnitude or brighter, was
compiled from observations made during the period 1879-82.
In 1 89 1, on the return of the photometer to Cambridge from
Peru, it was decided to redetermine the magnitudes of these

stars, and by the end of 1894 the work was almost completed.
Nearly all the observations were made by Prof. E. C. Pickering,

the Director of the Observatory of Harvard College, and the

results of the revision now form Part i. of the last issue of the

Annals of Harvard College Observatory, vol. xliv.
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FITZ GERALD'S ''HIGHEST ANDES." ^

TN the book entitled "The Highest Andes," Mr. E. A.
-* Fitz Gerald relates the experiences of himself and his parly

upon the journey which he made in 1896-97 in the neighbour-

hood of Aconcagua, the highest mountain at present known in

South America, which it was his aim to map and to ascend.

He describes in considerable detail the various operations of

the expedition, and recounts with rare frankness the sensations

of himself and of his assistants at low atmospheric pressures.

Various other matters of considerable public interest are intro-

duced incidentally in his volume, such as the Trans- Andine

Railway and the Boundary dispute between Chili and the

Argentine Republic ; but the attention of the reader will be

mainly engrossed by his history of the attacks upon the two
great mountains Aconcagua and Tupungato, neither of which

was conquered easily.

Although it is visible from Valparaiso, Aconcagua can

scarcely be said to have been known at the beginning of the'

nineteenth century. Humboldt was certainly unacquainted

Engineer, got up and said of Aconcagua that "he believed ir

to be little less than 15,000 feet high. Admiral Fitzroy ha(t

described it as being higher than any of the Himalayan peaks i

but he must have been mistaken in his calculations, no doubt
in conseqence of the difficulty in getting a suitable base for a
trigonometrical measurement. He (Mr. Miers) had often seeiv

it void of snow, and as the snow-line in that latitude is about
15,000 feet, it is manifest that the iiioitntaiii cannot much exceed
that height.'" Though Sir Clements Markham (the present
President of the Royal Geographical Society) was at the meet-
ing, it does not appear that either he or any one else entered a
protest against this startling statement (see Proc. R. Geog. Soc.,.

December 9, 1872, pp. 66-7). Subsequently, Aconcagua rose

to a height exceeding 24,000 feet in the pages of the Daily
Chronicle (January 18, 1897), and it has now, according to Mr.
Fitz Gerald, dropped to 23,080 feet, or to almost exactly the
height assigned to it by Admiral Fitzroy. This appears to be
the greatest elevation that any one has hitherto reached upon
a niountain.

Mr. Fitz Gerald's Expedition sailed from Southampton on

-Looking down Horcones Valley from gi;

with its name when he was travelling in Peru. He said many
years afterwards that, at that time, Chimborazo was everywhere
accounted to be the loftiest mountain in the world. But in his

"Aspects of Nature," published in England in 1849, he knew
differently, and referred to the Great Andes of Peru and
Bolivia which were brought to light by Mr, Pentland ; and to

Aconcagua, which had been found by the officers of the Ad-
venture and Beagle on Fitzroy's expedition to be between
23,000 and 24,000 feet in elevation. Since then the mountain
has had its ups and downs ; or, to employ the language of the

geologist, it has had its periods of elevation and subsidence.

It got to its lowest level about twenty-seven years ago at a

meeting of the Royal Geographical Society. After the reading

of a paper by Mr. R. Crawford, C.E., upon a projected railway

route across the Andes, Mr. J. W. Miers, another Civil

1 "The Highest Andes : a Record of the First Ascent of Aconcagua
and Tupungato in Argentina, and the Exploration of the Surrounding
Valleys." By E. A. Fitz Gerald. 8vo, pp. 390. (London : Methuen and
Co., 1899.)
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October 15, 1896 ; left Buenos Aires November 29 ; and on
December 7 arrived at Punta de las Vacas (7858 feet), the

terminal station in Argentina of the Trans-Andine Railway.'

This terminus is only a little more than twenty miles to the

south-east of the summit of Aconcagua. No other mountain-

in the world of anything like its magnitude is approached so

closely by railway.- An abortive attempt to get to it was
first of all made via the Vacas Valley, which runs a little west

of north from the Terminus and leads to the eastern side of the

mountain ; and it was subsequently found that the true way
towards the summit was by the Horcones Valley, the upper part

of which lies to the' west of the main peak. After some pre-

1 This line is intended to connect Buenos Aires and Valparaiso. Its con-

struction has been suspended for several year?, but it has been quite

recently stated that progress will shortly be resumed. About 44 miles

remain to be made.
- The railway which is being constructed towards Chamonix terminates

at present at the village le Fayet, which is less than ten miles distant from
the summit of Mont Blanc. The summit of Mcnt Blanc is 13,875 feet above
le Fayet, and that of Aconcagua is 16,222 feet above Punta de las Vacas-
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Uminary exploration, a camp was established at the head of

this valley, at a height of about I4,CKX) feet. " The lack of

pasturage," it is said, " made it impossible to take the mules any

farther," and thenceforward all transport had to effected by
men.

Besides Mr. Fitz Gerald, the Expedition at this time consisted

of Messrs. Vines, de Trafford and Gosse ; Zurbriggen, the

brothers Joseph and Louis Poliinger, Lanti and Weibel.

Matthias Zurbriggen, who was born in Switzerland and lives in

Italy, is termed guide, and the rest of the men are called

porters ; although the two Pollingers and Lochmatter are

actually guides, and amongst the best of the younger ones of

the Zermatt district. Lanti, who is also called a porter, appears

to have been a miner. Mr. Lightbody, an engineer of the

Trans-Andine Railway, joined the party at a later date.

On the first day (December 23), Fitz Gerald and Zurbriggen,

with four porters and twelve horses or mules, started from the

mouth of the Horcones Valley (8948 feet), and went to the

spot at its head that has been already mentioned, which
was about 14,000 feet above the sea ; and, leaving the animals

difficulty I had in breathing, and partly on account of the

dreadful snoring of the men. They would begin breathing

heavily, and continue on in an ascending scale till they almost

choked. This would usually wake them up, and they were
quiet for ten minutes or so, till gradually the whole perform-

ance recommenced "
(pp. 55-6).

On the following day (December 25) they continued the

ascent ; and, although the distance that they mounted was small,

the eff"ects became more marked. Mr. Fitz Gerald says of him-
self and also of Zurbriggen : "We were feeling distinctly weak
about the knees, and were obliged to pause every dozen steps or

so to catch our breath, and frequently we sat down for about

ten minutes to recover "
(p. 56). On the next night they en-

camped on the desired spot, which is said to have been 18,700
feet above the sea. During the day, Zurbriggen advanced
(according to his estimate, 2000 feet above the camp), and
returned "late in the evening, completely exhausted." On the

27th Mr. Fitz Gerald and the rest retreated to 12,000 feet in the

Horcones Valley, in doing which, it seems to me, they made a

Fig. 2.—Saddle on which the 18,700 ft. camp was situated.

there, some of the party pushed on, with the view of arriving at

a depression upon the ridge which leads from the summit
towards the north-west ; but when an altitude of 16,000 feet is

supposed to have been reached, a halt was called on account of
the lateness of the hour. "Being much fatigued, we decided
not to pitch our tent, but simply to crawl into our sleeping-bags.

\o one had the energy even to make for himself a smooth
lace. . . . During the night, one of my Swiss porters, a tall,

, iwerfuUy-built man, Lochmatter by name, fell ill. He
utfered terribly from nausea and faintness." Next day they
;irogressed upwards, but still did not reach the spot for which
ihey were aiming, and passed the night at some elevation that is

not mentioned. It was now Mr. Fitz Gerald's turn to feel the
effects of diminution in atmospheric pressure.

"I had suffered acutely," he says, "during the afternoon
from nausea, and from inability to catch my breath, my throat
having become dry from continual breathing through my
tnouth. . . I was unable to sleep at all, partly because of the
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mistake, and sacrificed some of the advantages which had been
gained by considerable labour.

On December 30 they re-started, reached the 18,700 feet

camp at the end of the day, and left at 5.45 the next morning
with the view of reaching the summit. " At that time we little

knew what lay before us ; the summit looked so very near that

we even talked of five or six hours as a possible time in which to

reach it. We set out towards our peak over the loose, crumbling
rocks that covered the north-west face ; the steepness was too

great for a direct line of march, and we were obliged to twist

and zigzag."

" I noticed Zurbriggen was going very fast ; I was obliged to

call to him several times, and ask him to wait for me, as I did

not wish to exhaust myself by pressing the pace so early. I

was surprised at his hurrying in this way, as it is generally

Zurbriggen who urges me to go slowly at first. However, I

soon discovered the reason for this ; he was suffering bitterly

from cold. Seeing that his face was very white, I asked him if
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he felt quite well. He answered that he felt perfectly well,

but that he was so cold he had no sensation whatever left in

his feet ; for a few moments he tried dancing about, and kick-

ing his feet against the rocks, to get back his circulation. I

began to get alarmed, for frozen feet are one of the greatest

dangers one has to contend against in Alpine climbing. The
porters who had been lagging behind now came up to us ; I at

once told Zurbriggen to take his boots oft, and we all set to

work to rub his feet. To my horror I discovered that the cir-

culation had practically stopped. We continued working hard

upon him, but he said that he felt nothing. We took off" his

stockings, and tried rubbing first with snow and then with

brandy ; we were getting more and more alarmed, and were
even beginning to fear that the case might be hopeless, and
might even necessitate amputation. At last we observed that

his face was becoming pallid, and slowly and gradually he began
to feel a little pain. We hailed this sign with joy, for it meant,
of course, that vitality was returning to the injured parts, and
we renewed our efforts ; the pain now came on more and more
severely ; he writhed and shrieked and begged us to stop, as he
was well-nigh maddened with suffering. Knowing, however,
that this treatment was the one hope for him, we continued to

rub, in spite of his cries, literally holding him down, for the

pain was getting so great that he could no longer control him-
self, and tried to fight us off". The sun now rose over the brow
of the mountain, and the air became slightly warm ; I gave him
a strong dose of brandy, and after a great deal of trouble induced
him to stand up. We slipped on his boots without lacing them,
and supporting him between two of us, we began slowly to get

him down the mountain side. At intervals we stopped to repeat

the rubbing operation, he expostulating with us vainly the while.

After about an hour and a half, we succeeded in getting him
back to our tent, where he threw himself down, and begged to

be allowed to go to sleep. We would not permit this, however,
and taking off" his boots again we continued the rubbing opera-

tions, during which he shouted in agony, cursing us volubly in

some seven diff"erent languages. We then prepared some very

hot soup, and made him drink it, wrapping him up warmdy in

all the blankets we could find and letting him sleep in the sun.

In the afternoon he seemed quite right again, and was able to

walk about a little " (pp. 61-2).

This episode brought that day's attempt to an end, but the

next morning (January i) they started again at 8 a.m., with
temperature at 26° F.

,
passed the place where they had turned

back on December 31, and then encountered great and steep

slopes of loose, rolling stones ; which, so far as the mountain
itself was concerned, seem to have formed the greatest difficulty

on the ascent. " The first few steps we took caused us to

pause and look at one another with dismay. Every step we
made, we slipped back, sometimes the whole way, sometimes
more. . . . We continued plodding on for some time, our
breath getting shorter and shorter as we struggled and fought

with the rolling stones in our desperate attempts not to lose the

steps we gained. . . . There was nothing to fix our attention

upon except the terrible, loose, round stones, that kept rolling,

rolling as if to engulf us." Now another one became ill.

" Louis Pollinger" (who is an unusually sturdy and powerful
young fellow) "was turning a sickly, greenish hue. All the

colour had left his lips, and he began to complain of sickness and
dizziness." They went on until 2.15 p.m., and then turned
back. "Zurbriggen, I think, could have gone a little farther,

but even he admitted that he did not think he would be
capable of reaching the summit. . . . The temperature had
now dropped to 17° F., and the sun gave us no warmth to

speak of. Coming down was almost worse than going up.

Fatigued as we were, and chilled and numb to the bone, we
constantly fell down, and it was four o'clock before we reached
our encampment. . , . We were all of us suffering from splitting

headaches."
Although Mr. Fitz Gerald speaks frequently of heat and cold,

he does not often quote actual temperatures ; but at this point
he remarks that the temperature fell to 5° F. during the night,

that the maximum in the sun had only been 47° F. during the
previous three days, and that it had barely reached 29° F. in

the shade. Though the cold which was experienced was not
at all lower than might have been expected, they found it

trying. " The cold at this altitude seems absolutely unendur-
able after sunset. I have seen the men actually sit down and
cry like children, so discouraged were they by this intense

|
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cold" (p. 57); and he .«ays, truly, at another place, that
" with the barometer standing at fifteen inches, the rarefied

atmosphere lowers all the vital organs to such an extent that
20° of frost feels more like 60°" below freezing-point (p. 63).

There were four of them in their miserable little tent, packed
so close that each time one turned over he was obliged to

wake the rest." "A terrible and stunning depression had
taken hold upon us all, and none of us cared even to speak. At
times I felt almost as if I should go out of my mind. . . . All
ambition to accomplish anything had left us, and our one
desire was to get down to our lower camp, and breathe once
more like human beings "

(p. 67) ; and so down they went,
this time to Puente del Inca, 8948 feet, at the mouth of the
Horcones Valley, and waited there a week.
On January 9 they started again, passed that night half-way

up the Horcones Valley, and on the next day went up to the

18,700 feet camp, ascending from 14,000 feet at the rate of 854
feet per hour !

" We all seemed so well that I thought it

better not to make an attempt on the mountain next day, but to

see what a few days of rest and good food would do for us. My
hope was that the system would accustom itself to the rarefied

air." The minimum of that night was i°F., which is the lowest

temperature recorded in the volume. At 9 a.m. on January
12, Mr. Fitz Gerald set out once more for the summit, accom-
panied by Zurbriggen and Joseph Pollinger. " For my own
part I knew, after the first quarter of an hour, that the attempt
would be fruitless. However, I pushed along, hoping against

hope that by some chance I might feel better as we went on. I

had barely reached 20,000 feet, when I was obliged to throw
myself on the ground, overcome by acute pains and nausea,"
and he returned to the tent, while Zurbriggen pushed on alone.

He did not, however, reach the summit ; and, when he was re-

turning, was watched through a field-glass.

" He was apparently quite exhausted ; he could only take a
few steps at a time, and then seemed to stumble forward help-

lessly. We watched him thus slowly descend for about an hour
and a half ; first he sat down for four or five minutes, then he
slowly plodded onward again. At last he reached a large patch
of snow, where, by sliding, he was able to make better time.

He did not reach the tent till after sunset, and then he was
speechless with thirst and fatigue" (p. 78).

On January 13, another attempt gave a similar result ; but at

night preparations were made for a renewed assault on the

morrow ; and on the 14th, Zurbriggen, Joseph Pollinger, Lanti
and Mr. Fitz Gerald started at 7 a.m., "all in excellent spirits

—so far as it is possible to be cheerful at 19,000 feet."

Things went well until 12 30, when they had reached an eleva-

tion which was estimated to be about 22,000 feet, and then Mr.
Fitz Gerald collapsed. It is to the credit of the head of the
Expedition that he writes so frankly, and one cannot but regret

that his perseverance did not meet with success. This is his

own description :

" I got up, and tried once more to go on, but I was only able
to advance from two to three steps at a time, and then I had to

stop, panting for breath, my struggles alternating with violent

fits of nausea. At times I would fall down, and each time had
greater difficulty in rising ; black specks swam across my sight ;

I was like one walking in a dream, so dizzy and sick that the

whole mountain seemed whirling round with me. The time
went on ; it was growing late, and I had now got into sych a
helpless condition that I was no longer able to raise myself, but

had to call on Lanti to help me. . . . Lanti was in good con-

dition, and could, I feel sure, have reached the summit. He
was one of the strongest men we had with us. For a long time

past he had been begging me to turn back, assuring me that our
progress was so slow, that even should I keep it up I could not

reach the top before sunset. I was right under the great wall of

the peak, and not more than a few hundred yards from the great

couloir that leads up between the two summits. I do not know
the exact height of this spot, but I judge it to be about a

thousand feet below the top. Here I gave up the fight and
started to go down.

" I shall never forget the descent that followed. I was so weak
that my legs seemed to fold up under me at every step, and I

kept falling forward and cutting myself on the shattered stones

that covered the sides of the mountain. I do not know how
long I crawled in this miserable plight, steering for a big patch

of snow that lay in a sheltered spot, but I should imagine that
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it was about an hour and a half. On reaching the snow I lay

down, and finally rolled down a great portion of the mountain

side. As I got lower my strength revived, and the nausea that

I had been suffering from so acutely disappeared, leaving me
with a splitting headache. Soon after five o'clock I reached our

tent. My headache was now so bad that it was with great

difficulty I could see at all.

" Zurbriggen arrived at the tent about an hour and a half later.

He had succeeded in gaining the summit, and had planted an

ice-axe there ; but he was so weak and tired that he could

scarcely talk, and lay almost stupefied by fatigue. Though
naturally and justifiably elated by his triumph, at that moment
he did not seem to care what happened to him. At night, in

fact, all hope and ambition seemed to depart, after four days

spent at this height, and that night we got little sleep, every

one making extraordinary noises during his short snatches of

unconsciousness—struggling, panting, and choking for breath,

until at last obliged to wake up and moisten his throat with a

drop of water "
(pp. S2-3).

aflfected by the diminution in the atmospheric pressure which

they experienced, and they were sometimes rendered almost in-

capable. Upon the map, Tupungato is credited with a height

of 21,550 feet, but I have not been able to find in the volume
the data from which this elevation has been derived. If it has

no better foundation than readings of an aneroid barometer, it

is probable that the height has been considerably over-estimated.

The elevation assigned to Aconcagua is obtained from the rail-

way-levels as far as the terminus at Punta de las Vacas (7858
feet), carried on by levelling and triangulation up the Horcones

Valley, and may be considered authoritative. Notwithstanding

its great height, the mountain bears little snow in the middle

of the summer ; and in this respect the observations by Mr.

Miers which are quoted at the beginning of this article are sup-

ported. Mr. Fitz Gerald, indeed, says that " when Zurbriggen

made the ascent of Aconcagua, he went to the summit of the

mountain without placing his foot upon snow ; the side of the

mountain was bare to the top on the north-west slopes"

(p 34.). The apex of Tupungato was also bare rock. From
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POTTERY AND PLUMBISM.
T\ R- T. E. THORPE, F. R.S., gave a lecture on Friday evening,
-*-^ May 4, at the Royal Institution, on the results of an

experiniental inquiry which he has made, at the instance of the

Home Office, on the hygienic questions involved in the use of

lead compounds in the manufacture of pottery.

After explaining how lead poisoning occurs in connection

with pottery manufaciure, he described ihe conditions which a

perfect glaze must fulfil, and named the various forms in which lead

compounds enter into the composition of the glazing material as

ordinarily employed. He pointed out that experience amply de-

monstrated, both in this countryand on the Continent, that " raw "

lead is more generally mischievous in its action than " fritted
"

lead, that is, lead in the form of a complex silicate associated

with alumina, lime, &c. This depends on the more ready

solubility of the various modifications of raw lead in the

animal secretions, and more particularly in the gastric juice.

This fact, indeed, is now generally recognised, and in the

inquiry which was instituted by the Home Office in 1893,
manufacturers whose names deservedly carry authority in the

pottery districts strongly urged the substitution of fritted lead

for raw lead in all glazes. Unfortunately, however, this recom-
mendation was not enforced. This may have been due, partly

at least, to the circumstance that cases of plumbism occurred

from time to time in works where fritted lead was exclusively

used. The fact is there is fritted lead and fritted lead.

Dr. Thorpe then proceeded to explain the results of a recent

inquiry into the conditions which determine the ease with which
lead may be dissolved out from a fritt by dilute acids such as are

present in gastric juice. In the first place, it was found that,

speaking generally, English fritts yielded a far larger amount of

lead to solvents than those made in Holland, Belgium,
Germany or Sweden. Indeed, some English specimens of

fritted lead were found to be hardly less soluble than raw lead,

as shown by the following numbers :
—

Lead silicate, Specimen I.

11-

Glaze A, made with lead silicate

White lead
raw " lead

Lead oxide dissolved,
expressed as per-

centage of total lead
oxide present.

... 99-6

... 99-6

... 99-2

... 99-2

... lOO'O
.... loo-o

... loo-o

Next, the inquiry showed that there was no necessary relation

between the amount of lead oxide in a fritt and the extent to

which it would yield lead to solvents comparable, as regards

their action, with animal secretions. Some of the compounds
richest in lead were, in fact, among those least attacked by
solvents. This is illustrated by the following series of

numbers :

—

I. Solubilities practically the same, amounts of lead oxide in the

fritt very different.
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adoption of leadless glazes. That leadless glazes of a high

brilliancy, covering power and durability, and adapted to all

kinds of table, domestic and sanitary ware, to china furniture,

to tiles, insulators and electric fittings of the most varied kind,

are perfectly practicable, was illustrated by reference to the

numerous examples of leadless glazed ware which, thanks to the

liberality of a numler of the manufacturers, were exhibited to

the audience. Among them were specimens from Mintons, from

the Worcester Royal Porcelain Company, Burgess and Leigh,

Barker and Read, Bernard Moore, the Crystal Glaze Company,
Hawley Brothers, Defries, and others. Telegraph insulators of

Doulton's and Buller's make were exhibited hy the Post Office.

Dr. Thorpe stated that leadless glazed ware was now being

supplied to a number of the Government Departments and to

certain of the London Clubs. He further stated that the

London School Board had resolved to insert a clause in all

specifications for new works strictly prohibiting the use of any

pottery goods involving lead glaze wherever practicable.

The fact that the application of leadless glazes has passed

beyond the experimental stage is so obvious that the Secretary

of State now proposes to relax the Special Rules, issued by the

Factory Department, in regard to the pottery industry in the

case of factories or processes in which no compounds of lead

are used.

Dr. Thorpe concluded by remarking that every intelligent

potter must concede that there is an ample field for investigation

by modern methods of attack into problems connected even
with the first principles of his art. The craft of the potter

largely depends upon the intelligent application of scientific

principles. Whether, however, modern science enters into it to

the extent that might be desired is perhaps open to question.

There is probably no industry in the world, certainly none in

England, so conservative in its operations as that of the potter.

The best of English earthenware still enjoys, no doubt, the

pre-eminence which the skill and aptitude of Wedgwood and
his immediate followers imparted to it. The great potter was
fully abreast of the physical science of his day, and was quick
to test or take advantage of any discovery which seemed to

promise to be of service to his art. But perhaps it may be
doubted whether the spirit of Wedgwood actuates his successors
to the extent that might be desired. It is at least certain that

the exercise of this spirit, that is, the intelligent application of
simple chemical principles, would years ago have obviated, to

a large extent at least, this evil of plumbism among the pottery
workers.

APPLICATIONS OF ELECTRICAL SCIENCE}
T FEEL very much honoured by having been placed in the

position I now occupy, and by having to deliver this opening
address to the Dublin Branch of the Institution of Electrical
Engineers. I believe that we are one of the first branches that
has developed into the meeting stage of our existence, and may
congratulate ourselves on having passed through our larval trans-
formations safely and rapidly, and on our having been the first to
emerge into an imago.
The action of the parent Institution in founding these local

branches is worthy of our grateful commendation. We are left

perfectly free to develop our own life untrammelled by any rules
except such as we would ourselves have necessarily chosen to
govern our actions. We have the great advantage of being a
branch of a most distinguished Institution of world-wide reputa-
tion, and that without paying any extra subscription. I hope
that we will add to the life and work of that Institution, and
thereby promote both our own interests and the welfare of man-
kind. Papers and discussions here will be taken as delivered to
the Institution of Electrical Engineers, and, if of sufficient merit,
will be published in its Proceedings, thus securing to us a world-
wide publication, while at the same time ensuring that Ireland
is credited with the work done.
The history of electricity in the nineteenth century is far too

large a subject for an occasion like the present one, but certain
aspects of this history convey valuable lessons for the future and
may well engage our attention in this last year of the century,
and may help us to lay the foundations for further advance in the
next. The aspect of the history of electricity during the nine-

1 Inaugural address to the Dublin Section of the Institution of Electrical
Engineers, delivered by Prof. G. F. Fitzgerald, F.R.S. Abridged from the
Journal oi ihe Institution, April.

NO. 1593.

April.

VOL.

teenth century to which I desire to direct your attention is an
object-lesson of how to apply science to further the well-being of
mankind. The history of any applied science might be con-
sidered in this aspect, but the history of applied electricity is

particularly appropriate for being thus considered, for several

reasons. The history is condensed within a few years ; the dis-

coveries of science have followed one another with extraordinary
rapidity, and within a few years after the discoveries were made

j

they have been applied to the use of man. It is just a hundred
i years since Volta discovered how to make continuous electric

currents. Within a few years of that discovery their chemical

j
actions were discovered and electric lights produced, both arc
and incandescent. Twenty years afterwards the magnetic effect

of an electric current was discovered by CErsted, its mathe-
matical theory evolved by Ampere, and the law of its intensity

worked out by Ohm. Some fifteen years afterwards, Faraday
discovered how to produce electric currents by magnetism. Im-
mediately after the discovery of the principle of the conservation
of energy it was applied to electro-magnetism, and the founda-
tion of our whole system of electro-magnetic measurement was
laid. Faraday's belief in the correlation of electricity and light,

following lines suggested by Lord Kelvin, was forged into a con-
sistent theory by Clerk Maxwell, and this theory confirmed ex-
perimentally by Hertz. Such, in brief, is the scientific history
of electro-magnetism during the expiring century, and on this

science practically all the applications of electricity depend.
I may pause for an instant to consider where this theory now

lands us. The all- pervading ether has been realised as the
means of transmitting light, electricity and magnetism, and we
are looking forward to its properties explaining chemical actions

and gravitation. We are still looking for a theory of its struc-

ture which will give a dynamical explanation of its properties.

We know how to express these properties by quantities we call

electric and magnetic force, whose laws we know, but whose
laws we are, as yet, unable to explain by any structure working
on dynamical principles. So far as we know, the properties or

electric and magnetic force are explicable upon dynamical prin-

ciples ; so far there is no known necessity for seeking for adynami-
cal properties in the ether ; so far we may hope to explain
electro-magnetism upon the dynamical principles of Newton's
laws without invoking any other principles than those of force

and inertia, as expounded in these laws. Until, however, a
satisfactory theory of the nature of the ether has been actually

invented, there will remain some doubt as to the adequacy of
these fundamental dynamical laws to explain all its properties.

The direction in which it is most probable that an explanation
will be found is in the hypothesis that the ether is of the nature
of a perfect liquid full of the most energetic motion. We know
that a gas consists of separate molecules in intensely energetic

irregular motion. I expect that the ether is a perfect liquid in

intensely energetic irregular motion : much more rapid than that

of any gas : with a rapidity of internal motion comparable with
the speed of light : maybe with enough energy in each cubic

centimetre to keep hundreds of horse-power going for a year, if

only we could get at it. So far as this hypothesis has been
worked at there seems nothing impossible about it, but, on the

contrary, much possibility in it, and, to my mind, its inherent

simplicity confers on it a great probability.

Be that as it may, we now know that in the electric lighting

of our cities, in electric tramways and railways, in electric

furnaces and electrolytic vats, and in the other innumerable
applications of electricity, we are harnessing the all-pervading

ether to the chariot of human progress, and using the thunder-

bolt of Jove to advance the material welfare of mankind.
Having thus shortly considered the progress of electrical

science, the history of the applications of electricity may be
thus summarised. Shortly after Girsted discovered the magnetic
effect of an electric current this discovery was applied to

telegraphy, and Faraday's discovery of how to generate electric

currents by magnetism was almost immediately applied to the

same use. Telegraphy developed rapidly, and many subsequent

discoveries were due to the observations made in the practical

application of electricity to telegraphy. This has been develop-

ing ever since, accumulating knowledge and applying the

accumulations to produce more knowledge and more applica-

tions, till all this has resulted in the perfection of the multiplex

telegraph and the wonders of the telephone and wireless

telegraphy. No other department of applied electricity has had
such a continuous development, hardly any interval elapsing

between discovery and application in its case, while in almost

62"
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every other case years have elapsed between discoveries and
their application. It is especially the object of this address to

call attention to the cause of this and to the lessons to be learnt

from it.

Within the first decade of the century, electrolysis and the

electric light were discovered ; but, except on a small scale in

electro-plating, it was reserved for the last quarter of the

century to see their application to the general use of mankind.
Before her Majesty began to reign, Faraday had discovered how
to generate electric currents by magnetic actions ; but, except

to generate currents to light a couple of lighthouses, no applica-

tions of Faraday's discovery to generate electric currents on a

large scale was made till Wilde, Gramme and Siemens worked
at it, more than thirty years after its discovery. The applica-

tion of electric currents to transmit power on a small scale was
made in the electric telegraph years before any applications were
made on a large scale. Except for a few experiments by Jacobi
and others, the transmission of power by electric currents on a

large scale is the work of the last twenty—one might almost say

of the last ten—years.

. Consider now what are the characteristics of the applications

which developed continuously, and what were those of the

applications which lay dormant for years. Maybe we can learn

from this consideration how to arrange that, in the future, our
discoveries may not lie for years dormant.
The most noticeable difference between the applications of

electricity that developed and those that lay dormant is that

those that developed were useful on a small scale, while those

that lay dormant were nut useful until developed on a large scale.

Electro-plating and telegraphy were useful on quite a small
scale. Experiments as to their efficiency could be conducted on
the laboratory scale with quite cheap apparatus, and thus they
were actually developed.
A recognised authority, who is fond of poking paradoxical

fun at professors, has recently stated that " the progress of

telegraphy and telephony owes nothing to the abstract scientific

man." I do not know exactly what he means by the abstract

scientific man, but I do know that telegraphy owes a great deal

to Euclid and other pure geometers, to the Greek and Arabian
mathematicians who invented our scale of numeration and
algebra, to Galileo and Newton who founded dynamics, to

Newton and Leibnitz who invented the calculus, to Volta who
discovered the galvanic cell, to (Ersted who discovered the

magnetic action of currents, to Ampere who found out the laws
of their action, to Ohm who discovered the law of the resist-

ance of wires, to Wheatstone, to Faraday, to Lord Kelvin, to

Clerk Maxwell, to Hertz. Without the discoveries, inventions

and theories of these abstract scientific men, telegraphy as it

now is would be impossible.

We have seen that electro-plating and telegraphy were capable
of development on a small scale, and were consequently largely

developed by laboratory research. The development of dynamos
from Faraday's discovery required expensive experiments, and
to test their ellficiency on a large scale required very expensive
experiments indeed. It was not possible to conduct experiments
that would be of much practical use on the small scale on which
laboratory experiments have to be conducted, on account of the
miserable pittance that is at the command of scientific laboratories.

The only opportunity of conducting experiments on a large

scale is when an inventor can control capital, as, for example,
if he himself is in the position of an engineer to some wealthy
body wiiose money he can employ on experiments. Jacobi and
others spent a good deal of money, no doubt, on experiments
in power distribution by electro- magnetic engines, but their

expenditure, though quite considerable as compared with the
usual run of laboratory experiments, was as nothing compared
with the enormous sums spent by the pioneers of modern electro-

magnetic machinery on their experiments.
What we have found, then, is that development depended on

whether or no people experimented energetically upon how to

render each discovery of practical utility ; where experimenting
was energetic, development was rapid ; where experimenting was
not energetic, development was slow. We have further lound
that the energy of experimenting depended on the money
available ; where little money was required, development was
rapid ; but it was slow where large sums of money were required
in order to perform valuable experiments.
We may further inquire how it happened that money and time

became available for costly experiments. Money is available

for laboratory experiments by the beneficence of private and
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public endowment, and time is available by the devotion of
scientific men to the advancement of natural knowledge. These
have been available because some few men have had faith in the

desirability of knowledge both for its own sake and for the

material and moral advantage of mankind. Money has been
available in England on a large scale in the past because of the

enthusiastic faith of some very few men in the possibilities oi

scient ific d iscoveries. One of the most remarkable instances of this

faith was in the case of the great experiment of laying the Atlantic

cable. A few men with strong faith impressed their belief on a
few capitalists, and after years of most expensive experimental
work they at last brought their great undertaking to a successful

issue ; the general body of capitalists meanwhile lookingon with
amused incredulity. The development of the dynamo depended
similarly upon the strong faith of individuals, who spent immense
sums of money and much time and energy on the subject because
they had faith in its possibilities. It is remarkable how many
of the developments of scientific discoveries of the latter years

of the century have been due to foreigners or firms with foreign

leaders, such as Siemens Brothers. This has been largely

due to the fact that foreigners are far in advance of us

over here in their faith in the possibility of using scientific

discoveries. The rapid advance of the applications of science in

the last quarter of this century has been very largely due to the

growth of this faith. It has grown to a strong conviction in the

ordinary public of America and the Continent, and is growing
daily stronger over here, but is still far weaker here than in other

parts of the civilised world. The result of this has been that

while the germs of many of the greatest inventions have been
made within the British Isles, we have not been pioneers in any
great advance in the applications of electricity since the develop-

ment of submarine telegraphy. Possibly another cause has been
our obstinate retention of our abominable series—one cannot call

it system—of weights and measures. It is with great hopeful-

ness that I see public opinion gradually growing in favour of

the metric system.

How does it happen that one of the foremost countries in

advancing science has been one of the last to appreciate the

possibilities of applied science ? This has been due partly, no
doubt, to our great success as manufacturers and as mere mechanical
inventors. No doubt Watt was a truly scientific inventor, and
even mere mechanical inventors are appliers of scientific know-
ledge that was discovered, in the most part, by scientific men
centuries ago ; but most of our success as manufacturers has been
due to mechanical inventions and to our well-trained and expert

artisans, and not to the useful application of recent scientific

discoveries. This great success, and the absence of scientific

training in our schools, and the want of contact between manu-
facturing and scientific society, have all contributed to prevent a

due appreciation of the value of scientific discovery and experi-

ment as a means of advancing the material wealth of society.

When can we expect the country or generous benefactors to

learn that science on a large scale is at the basis of the material

prosperity of the country, and that science on a large scale is very

expensive. Of what use is 200/. a year in making experiments

on a commercial scale ? Ten thousand pounds a year would be

more like the figure required ; and 10,000/. a year could be most
profitably spent on experimental work here in Ireland, on the one

subject of utilising our bogs. It is most probable that the

energy of their combustion could be transmitted to our towns to

provide them with light and power ; but the preliminary esfperi-

ments are lar beyond the capabilities of a scientific laboratory.

Then there are the questions of three-wire tramways, leaky

telegraph lines, submarine relays, sun engines, of flying machines

which Lord Rayleigh considers can be constructed if money
enough were forthcoming, and of vacuum tubes as a means of

illumination, and of numberless other matters already ripe for

application, to say nothing of the innumerable scientific dis-

coveries that have not yet been even suggested as having practical

applications.

Besides these industrial laboratories, all our Government
departments, such as the army and navy, should have large

experimental organisations where any invention that promised

success would be developed and seriously tried. The decision

of what to try should not be left to mere officials, however dis-

tinguished, but should be referred to independent .'scientific

advisers—persons who were not tranmielled by official traditions,

but were in touch with scientific advance and enthusiastic

believers in it. If the country spent a couple of millions per

annum on experimental work of this kind it would bear much
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fruit, and we should not find ourselves out-shot by semi-birbarous

farmers.

Hope is the j^reat incentive to exertion. Without it a nation

is dead. Without it we lose all belief in the pissibility of ini-

Erovement, and improvement at once becomes impo«ible. The
istory of electrical engineering, the utilisation of the all-pervading

ether for the service of man, should strenghen our hope and our

belief in the possibility of improvement. For has it not re-

volutionised society and enabled high and loiv, rich and poor, to

lead better lives, by making life less hard and grimy, and thus

improved the well-being of man both materially and, what is

far more important, morally as well ?

UNIVERSITY A.WD EDUCATIONAL
INTELLIGENCE.

O.XFORO.—The following are the principal lectures announced
for this term:— Prof. Clifton, practical physics: Mr. Baynes,
elementary electricity and magnetism ; Mr. Jervis-Smith,
dynama and motor machinery, with electrical testing ; Prof.

Odiing, silicon compounds ; Dr. Fisher, metals and organic
chemistry ; Mr. Watts, organic chemistry ; Mr. Marsh, practice

of organic chemistry; Mr. Hartridge, aromatic compounds;
Mr. Vernon Harcourt, subjects of the preliminary examination ;

Mr, Elford, the elements treated in the periodic order

;

Mendeleet's periodic system. Groups vii. and viii. ; great
chemists and their work ; Mr. Walden, synthetical methods
in organic chemistry ; Mr. Wilderman, equilibrium and
velocity o( physical and chemical reactions in heterogeneous
systems ; Prof. Miers, the new theories of crystal structure ;

Mr. Bowman, the crystallography of optically active substances ;

Prof. Sollas, history of the earth ; Mr. Mackinder, the natural
regions of the Old World ; Mr. Dickson, the climatic
regions of the globe ; Mr. llerbertson, mountain types ; Prof.

Weldon, general course of morphology ; variation, inherit-
ance, and natural selection ; Mr. Goodrich, annelids ; Mr.
Jenkinson, vertebrate embryology ; Mr. Giinther, arthropoda ;

Mr. Barclay Thompson, mammalian morphology ; mam-
malian palaeontology ; Prof. Gotch, the central nervous
system ; Prof. Gotch and Mr. Rimsden, adv.inced course
of physiology ; Mr. Mann, advanced histology of nervous
system ; Mr. Burch, physiological physics ; Mr. Minn, practical
histology ; Prof. Vines, elementary course of botany ; Prof.
Tylor, early stages of civilisation (arts of subsistence and pro-
tection); Sir J. Burdon Sanderson, general pathology; Dr.
Ritchie, pathological bacteriology ; Dr. Collier, medical diag-
nosis

; Mr, Symunds, fractures and dislocations ; Prof. Thom-
son, vascular and respiratory systems; Mr. Smith Jerome,
medical pharmacology and materia medica ; Prof. Esson, the
synthetic geometry of conies ; Prof. I^ove, hydrostatics and
hydronamics: Prof. Elliot, the theory of functions.

Mr. William Hatchett Jackson, science tutor of Keble Col-
lege, who has been elected to the post of liadcliffe's librarian,
vacant by the resignation of Sir Henry Acland, has entered on
his duties. The new Radcliffe Library, erected for the Uni-
v.rsity by the Drapers' Company, is meanwhile approaching
completion.

Scholarships in natural science are announced by the following
colleges :— Merton and New, July 3 ; Balliol, Christ Church and
Trinity, December 4 ; Magdailen, December 11.

It has been decided that diplomas in geography shall be
r mted by the University ; the details of the scheme have yet
come before Congregation and Convocation.

Ca.mbridge.— Honorary degrees are to be conferred on the
Hon. Edmund Barton, delegate from New South Wales in con-
nection with the Australian Commonwealth Bill, and on H.M.
ilie King of Sweden and Norway.
There are vacancies at the University Tables in the Zoological

Stations ot Naples and Plymouth. Applicants should write to
Prof. Newton before May 24.

It is proposed to affiliate the University of Tasmania.
Bachelors of Arts and Bachelors of Science of that University
will thereby be entitled to proceed to Cambridge degrees after
two years' residence.

The Financial Board estimate that, owing to the loss of fees,
&c,, consequent on the absence of many members of the Uni-
versity in South Africa, the income of the Chest will next year
fall short of the necessary expenditure by 650/.

Seventeen additional Ireshmen were matriculated on May 5.
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Mr. Thopnas Andrews, F.R.S., has presented to the Chemical
Laboratory a valuable echelon spectroscope, for which the special

thanks of the University have been ordered.

Dr. Tunnici.ikfe has been appointed to the chair of materia

medica and pharmacology in King's College, London.

Dr. John Wyi.i.ie has been elected to succeed the late Sir

Thomas Grainger Stewart in the chair of medicine in the Uni-

versity of Edinburgh.

In order to enable Essex dairy-farmers, and ladies engaged in

dairy-work, to gain an insight into the organisation and practice

of the agricultural industries of Denmark, the Essex Technical

Institution Committee have made arrangements for a party to

visit that country. Visits will be made to a number of schools

and other institutions, farms, and manufactories concerned with

dairying, and a valuable insight will be obtained into Danish
methods. Full particulars of the programme can be obtained

from Mr. T. S. Dymond, County Technical Laboratories,

Chelmsford.

The growth of municipal technical schools in England during

the ten years which followed the passing of the Technical Insti-

tution Act, 1889, formed the subject of an inquiry made by
the National Association for the Promotion of Technical and
Secondary Education a short time ago. The results showed
that a capital sum of 2,340,651/ had been spent on technical

schools, and that there were 239 such schools (including agri-

cultural and dairy schools and domestic science schools) irv

existence or in course of establishment. Since the conclusion of

the inquiry, technical schools had been erected, or it had been
decided to erect them, in several other towns, and the latest

report shows that the total amount incurred for 272 schools

.

under municipal and public bodies is now at least 2,643,172/.

The progress of science and education in the United States

is largely due to the interest taken in the work of colleges andi

universities by private benefactors. Scarcely a week passes

without affording instances of generous gifts to institutions of this

kind, by persons who desire to promote the development of

national character and industries. As an example of this

public spirit, we have the case of Dr. D. K. Pearson, of

Chicago, who, on attaining his eightieth birthday recently, de-

cided to add 525,000 dollars to the 2,000,000 dollars he had
previously given to colleges. Then we have the announcement
in Science that Mr. Andrew Carnegie has promised the trustees

of the Carnegie Institute, Pittsburg, Pa., to become responsible

for 3,000,000 dollars, the amou it estimated as necessary for the

proposed extension and enlargement of the building at the

entrance of Schenley Park. The new Imilding will be nearly

six times as large as the present one. We should be glad to be

able to record many similar gifts to institutions devoted to sc'ence

and education in this country.

One of the good efifects of the technical education movement
during the past ten years is that many secondary schools, sucb-
as grammar and endowed schools, which formerly excluded
science from their curricula, have had to adapt themselves to

modern requirements as a condition of receiving assistance from
technical- education authorities. The annual report of the-
National Association for the promotion of Technical and Second-

I
ary Education refei's to aii inquiry undertaken to determine the-

extent of the changes which have been brought about in thi^

way, both by the establishment of new secondary schools and by
the adaptation of existing secondary schools for the purposes of
technical education. The facts revealed by the inquiry go to

show that in England alone, since 1889, 81 new public secondary
schools have been established, while 215 existing schools have
been extended mainly for the purposes of science teaching. As
regards the schools in the latter category, the extensions to 195
of them have resulted in the addition of 251 physical and chemi-
cal laboratories, 77 workshops for manual training, 76 lecture-

rooms, and 50 class-rooms. The total sum of money involved
by these developments is 764,449/ By their capital grants to

secondary schools. County Councils have exerted a direct in-

fluence in the reorganisation, and have secured a voice in the

management and control of the schools. By the Councils'

annual maintenance grants, the work of reorganisation has beeri

gradually consolidated, and the permanence of proper manage-
ment and control has become assured. It is not surprising, there-

fore, that the latter, as a continuous source of income to secondary
schools, have been increasing in number and in value during
recent years.
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SOCIETIES AND ACADEMIES.
London.

Royal Society, February i.
—"Researches on Modern

Explosives : Second Communication." ByW. Macnab, F.I.C.,
and E. Ristori, Assoc. M.Inst.C.E., F.R.A.S. Communicated
by Prof. Ramsay, F.R.S.
The object of the experiments was to endeavour to find a

means of determining more accurately than has hitherto been
done the temperature reached when an explosive is fired in a

closed vessel.

A modification of the method developed by Sir W. C.
Roberts-Austen was employed. A thin platinum wire was
melted by the heat of the explosion, but a thick wire was un-
altered. This showed that the temperature reached was above
the melting point of platinum, and also that the duration of the
maximum temperature was very short. From this it was
argued that if rhodium-platinum couples of different diameters,
sufficiently thick not to be melted during explosion, were used
in a bomb, the deflections of the galvanometer indicated would*
vary inversely with the sizes of the wires forming the couples ;

that in this way data might be obtained from which might be
calculated the deflection of an infinitely thin couple, which
could be capable of taking up the heat in an infinitely short

time, and that this deflection expressed in degrees would repre-

sent the actual temperature reached.

Couples formed of wires of pure platinum and platinum
alloyed with lo per cent, of rhodium, varying in diameter from
0"0i to 0'044 of an inch, were employed. Each couple was
successively fixed inside the bomb, and on firing the explosive
the deflection of a spot of light reflected from the mirror
galvanometer was photographically recorded.

These records show the uniformity of the results, and also the
time occupied in heating each couple to its maximum, and that

the deflections are in inverse order to the thickness of the

couple used.

Two series of experiments made with two diff"erent explosives

—ballistite (composed of 30 per cent, nitroglycerine and 70 per
cent, gun-cotton) and gelatinised gun-cotton—were carried out
with a number of diff"erent couples,' and the results expressed as

curves show the gradual rise of the deflections as the thickness
of the couple diminishes ; but all through the gun-cotton curve
is below the ballistite curve, thus indicating that the temperature
reached during explosion of the gun-cotton is lower than that of
the ballistite.

Experiments made with the following explosives showed that

the relative temperature can be easily ascertained. Gun-cotton
gave the lowest temperature, and in order came cordite, ballis-

tite (composed of 70 per cent, soluble nitro-cotton and 30 per
cent, nitroglycerine) and ballistite (composed of 50 per cent,

soluble nitro-cotton and 50 per cent, nitroglycerine).

Another series of experiments is in progress for determining
the other necessary elements which will be required before the
value of these deflections of the galvanometer can be accurately
expressed in degrees of temperature.

April 5.
—" Uber Reihen auf der Convergenzgrenze." Von

Emanuel Lasker, Dr. philos. Communicated by Major
MacMahon, F.R.S.

Linnean Society, April 19.—Dr.A.Gunther, F R.S., Presi-

dent, in the chair.—On behalf of the Hon. Charles Ellis, the
President exhibited photographs of a large tree, laxodium
distichuin, growing at Oaxaca in Mexico, and of another
gigantic tree, a native of Cambodia. The circumference of the
former, at a height of 3 feet from the ground, was stated to be
143 feet, while the height was estimated to be not more than
100 feet. The native name for this tree is Sabino. Mr. Daydon
Jackson read an account of it, quoting from Loudon's Mag. Nat.
Hist. vol. iv. (1831), p. 30, and Humboldt's "Views of
Nature," p. 274. The second gigantic tree, which could not be
satisfactorily determined from the photograph, had been ob-
served growing on the Makong River, near the celebrated ruins
of the great city of Angkorwat in Cambodia.— Messrs. W. B.
Hemsley and H H. W. Pearson read a paper on some collec-
tions of high-level plants from Tibet and the Andes. Mr.
Hemsley first gave a brief history of the botanical exploration of
Tibet, followed by an account of the unpublished collections
presented to Kew by Captain Wellby and Lieut. Malcolm,
by Captain Deasy and Mr. Arnold Pike, and by Dr. Sven
Hedin. These collections were all made at great altitudes in

Central and Northern Tibet; few of them below 15,000 feet,
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and some of them at 19,000 feet and upwards. The highest

point at which flowering plants had been found was 19,200 feet

above the level of the sea. The plants recorded by Deasy and
Pike at altitudes of 19,000 feet and upwards are :

—

Corydalis

Hendersoni, Arenaria Stracheyi, Saxifraga parva, Sedum
Stracheyi, Saussurea hracteata, Gentiana tenella, G. aqiiatica,

an unnamed species of Astragalus, and an unnamed species of

Oxytropis. These are the greatest altitudes on record for

flowering plants. Deep-rooting perennial herbs having a
rosette of leaves close to the ground, with the flowers closely

nestled in the centre, are characteristic of these altitudes. The
predominating natural orders are :—Compositae, Leguminosae,
Cruciferse, Ranunculaceae and Graminese. The Compositoe
largely predominate, and the genus Saussurea is represented by
numerous species. Specimens of about a dozen species were
shown to illustrate the great diversity exhibited by this genus in

foliage and inflorescence. Liliacese and the allied orders were
very sparingly represented. Two or three species of onion
occur ; one of them, Allium Semenovii, in great abundance up
to 17,000 feet. None of the collections contained any species

of orchid.—Mr. H. H. W. Pearson described the Andine
flora, with special reference to Sir Martin Conway's small col-

lection of plants brought from Illimani in the Bolivian Andes
in 1898. In consequence of the labours of d'Orbigny, Pentland,

Meyen, Weddell, Mandon and other botanists, the high-level

flora of the mountains of Bolivia is better known than that of

any other equally elevated region of the Andes. Weddell's

collections form the nucleus of the materials from which the

"Chloris Andina"—the classic work on the flora of the High
Andes—was prepared. Many collectors have obtained plants

in various parts of the Andes at elevations stated to be greater

than 17,000 feet. Colonel Hall states that he saw four plants on
Chimborazo in 1831 at " nearly 18.000 feet." These were two
species of Draba, one of which was D. aretoides, H. B. K.

,

and two Composites, one being a Culcitium. Mr. Whymper
and others have thrown st^me doubt upon the determination of

this elevation, and it is probable that it was over-estimated. Out
of forty-six species of flowering plants obtained by Sir Martin
Conway, seven are from 18,000 feet or above it, two being as

high as 18,700 feet. These, the highest Andine plants on
record, are Malvastrum flabellatuin, Wedd. , and Deyeuxia
glacialis, Wedd. Thirty-nine species in this collection were
found above 14,000 feet ; these belong to thirty-four genera and
twenty-one natural orders ; fifteen {i.e. about three-eighths of the

collection) are Compositae. Of the thirty-tour genera, one only
—Blumenbachia—is endemic to South America. The species,

with one exception, are confined to the Andes, eight or nine of

them not being found outside Bolivia. In the collection made
by Mr. Fitzgerald's expedition in the Aconcagua valleys be-

tween 8000 and 14,000 feet, ten genera [i.e. one quarter of the

whole) are endemic in South America. The contrast between
this and the small endemic element in the Conway collection

from above 14,000 feet gives additional support to the generalisa-

tion that the flora of high levels is more cosmopolitan than that

of low levels.—A paper was read by Mr. E. S. Salmon on some
mosses from China and Japan.

Manchester.

Literary and Philosophical Society, April 24.—Prof.

Horace Lamb, F.R.S., President, in the chair.—The following

gentlemen were elected honorary members of the Society :—
Prof. James Dewar, F.R.S., London; Prof. J. A. Ewing,

F.R.S., Cambridge; Prof. A. R. Forsyth, F.R.S.,

Cambridge; Prof. James Geikie, F.R.S., Edinburgh;

Prof. Ernst H. P. A. Haeckel, Jena ; Prof. H. A. Lorentz,

Leyden ; Mr. Robert Ridgeway, Washington, U.S.A. ; and

Mr. Beauchamp Tower, London. The following were elected

officers of the Society for the session 1 900-1 :—President, Prof.

Horace Lamb, F.R.S. ; vice-presidents. Prof. O. Reynolds,

F.R.S. ; Mr. Charles Bailey ; Prof W. Boyd Dawkins, F.R.S.,

and Mr. J. Cosmo Melvill ; hon. secretaries, Mr. Francis Jones

and Prof. A. W. Flux ; treasurer, Mr. J. J. Ashworth ; hon.

librarian, Mr. W. E. Hoyle.

Paris.

Academy of Sciences, April 3c.—M. Maurice Levy in

the chair.—On the telescopic planets, by M. C. de Freycinet.

The ideas of Laplace upon the distribution of the telescopic

planets in concentric spherical layers round the sun are developed

analytically and confirmed. If the asteroids are divided into
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three groups according to their inclination, the mean distance

of the planets of these groups from the sun is sensibly constant.
—^On the transparency of aluminium for the radium radiation, by

M. Henri Becquerel. A study of the penetration of thin alu-

minium sheet by the radium rays, the latter being placed in a

strong magnetic field and the effects of the deviable and non-

deviable rays being studied separately.—Study of manganous
fluoride, by MM. Henri Moissan and Venturi. Pure anhydrous
manganous fluoride, MnFa, was obtained in four ways : by the

action of a solution of hydrofluoric acid upon metallic manganese,

by the interaction of gaseous hydrogen fluoride and the metal, by
heating manganese fluosilicate in a current of 11F at 1000°,

and by dissolving manganese carbonate in the acid. The
crystallised MnFo could not be prepared from aqueous solution,

on account of the sparing solubility of the salt in water, but is

readily obtainable by fusing a mixture of the salt with manganese
chloride.—Agricultural maps of the Canton of Redon. The
composition of the soil from the point of view of lime, mag-
nesia, potash and nitrogen, by M. G. Lechartier. An account

of the work carried out at the agricultural station of Rennes.

—

On the vertical trunks, stems and roots of Cordaites, by M.
Grand 'Eury. The view is put forward that Cordaites, like

Sigtllaria and other fossil plants dealt with in previous papers,

actually grew in the place where they are found, many ligneous

trees commonly regarded as growing only on dry land flourish-

ing well with their lower portions constantly submerged in

water.—Prof. Suess was nominated a Foreign Associate in the

place of the late Sir Edward Frankland.—On a relation between
the theory of continuous groups and the differential equations

with fixed critical points, by M. Paul Painleve.—On the

function S introduced by M. Appell into the equa-
tions of dynamics, by M. A. de Saint Germain.—An im
proved and simplified solar microscope, by M. A.Deschamps.

—

The telemicroscope, by M. A. Deschamps.—On an experiment
of M. Jaumann, by M. P. Villard. In an experiment described

by M. Jaumann, a charged glass rod was bi-ought near a tube
immersed in oil, in which kathode rays were being developed,
the bundle being repulsed. As these results were not in agree-

ment with the usual hypotheses concerning the kathode, an at-

tempt was made to repeat the experiments, but no deviation of

the rays in the opposite direction to that predicted by the theory
could be obtained.—On the radium radiation, by M. P. Villard.

The rays not deviable in a magnetic field have much greater

penetrative power than the deviable rays. The ordinary X-rays
from a Crookes' tube behave similarly.—Luminescence of rare-

fied gases round a metallic wire communicating with one of the
poles of an induction coil, by M. J. Borgman.—On the
hysteresis and viscosity of dielectrics, by M. F. Beaulard.
From the results of the experiments given, the author
concludes that dielectrics do not present the phenomenon
of hysteresis, but are only endowed with viscosity.—On
samarium, by M. Eug. Demar^ay. The properties of the
samarium isolated by the method of double magnesium
nitrates previously described are so well defined that it would
appear to be a simple substance analogous to other elements
and not a mixture. The pale yellow colour of the oxide is

apparently not due to any impurity. The atomic weight, as
determined by the sulphate method, is about 147 "5.—On the
combination of sulphur dioxide with metallic iodides, by M. E.
Pechard. Potassium iodide, either in solution or in the solid

state, rapidly absorbs sulphur dioxide, the compound KI.SO2
being formed. This compound is easily dissociated into its

constituents, its dissociation pressure at 0° being 60 cm. of
mercury, at 30°, 238 cm. Other iodides form similar com-
pounds.—On the gases emitted by the Mont Dore springs, by
MM. F. Parmentier and A. Hurion. The gas is carbon dioxide
containing 0*49 per cent, of nitrogen and 'oi per cent, of argon.
—Bromination with aluminium bromide, by M. Ch. Pouret.
Organic chlorinated compounds, heated to their boiling
points for some time with aluminium bromide, give
good yields of the corresponding bromine derivatives. The
preparation of bromoform, methylene bromide, methyl bromide,
ethyl bromide, pentabromethane, ethylene, ethylidene and acetyl-
ne bromides is described in detail.—The action of monochlor-
> etic esters upon the sodium derivative of acetylacetone, by M.

i
. March. The compounds (CH8.CO)2.CH.CH2.CO.OCjH5
nd (CHj.CO)2.CH.CH2.CO.OCH8 are described; and also
lie products of the reaction between these bodies and phenyl-
iiydrazine.—Action of ethylidene chloride upon phenols in
presence of potash, by MM. R. P'osseand J. Ettlinger.—On the

presence of tyrosine in the water of contaminated wells, by M.
H. Causse. The water from contaminated wells at Lyons gave
an orange coloration with the chloromercurate of sodium para-

diazobenzenesulphonate which proved not to be due to cystine.

Tyrosine was then extracted and identified by analysis.—On
some changes which occur in plants grown in the dark, by M.
G. Andre. A set of comparative analyses of maize and lupin

plants grown in sunlight and in the dark.—Studies in develop-

ment oi Petromyzon Planeri, by M. E. Bataillon.—Modifications

in structure observed in cells undergoing a true fermentation, by
MM. L.Matruchot and M. Molliard. The fermentation of the fruit

of Ctiatrbtta maxima was carried out under conditions excluding

the possibility of intervention of any foreign organisms. Every
cell in a state of true fermentation shows a very clear nucleus,

a small amount of chromatine arranged on the periphery of the

nucleus, a protoplasm full of vacuoles, and numerous minute
drops of essential oil formed in the protoplasm.—Botanical

zones in French Western Africa, by M. A. Chevalier.—On the

granites and syenites of Madagascar, by M. A. Lacroix.—On
the Gothlandian of the Peninsula of Crozon (Finisterre), by
M. F. Kerforne.—Influence of temperature on the fatigue of the

motor nerves of the frog, by M. J. Carvallo. Temperature has
a considerable influence upon the activity of motor nerves, the

excitability increasing up to 20° C.—The functions of the crystal-

line tube of the Acephala, by M. Henri Coupin. The function

of this tube appears to be digestive, a storehouse of diastases.—
Topography of the mouth as regards sensitiveness of taste, by
MM. Ed. Toulouse and N. Vaschide.

Amsterdam.

Royal Academy of Sciences, March 31.—Prof. H. G.
van de Sande Bakhuyzen in the chair.—On orthogonal comitants,

by Prof. Jan de Vries.—On indigo fermentation, by Prof. Beyer-
inck. Indigo fermentation is the decomposition of the giucoside

indican into indoxyl and glucose by the action of a cell. This
is eff^ected in two ways : first, by katabolism, i.e. by the direct

action of the living protoplasm on the indican ; secondly, by
specific enzymes. All the indican splitting bacteria examined
act by katabolism, and are quite inactive when dead. The
indican plants and some kinds of yeast contain indigo enzymes,
and so are still active when dead. The indigo enzymes of

Indigo leptostachya. Polygonum tinctorium, Phajtis grandijlorus,

Saccharomyces sphaericus, and the emulsion of sweet almonds,
which also acts feebly on indican, proved to be quite different

enzymes with optima of activity at 61°, 42°, 53°, 44° and 55° C.
respectively. The action of all of them is increased by acid to the

amount of 0*5 c.c. normal per 100 c.c. of indican solution ; more
acid as well as alkali decrease their activity. In indigofera

there is no katabolism, whilst in Polygonum there is a slight

katabolism at low, in Phajus a very strong katabolism at high,

temperatures. Hence the last two decompose indican in both
ways at once, while indigofera does so by enzyme action only.

In the leaves of Phajus indican is localised in the protoplasm
both of the cells of the epidermis and of the mesophyll ; the

indigo enzyme occurs in the chlorophyll granules.— Prof.

Hoogewerfi^ presented on behalf of Mr. J. Hazewinkel, manager
of the "experimenting station "for indigo at Klaten (Java), a
paper, entitled " Indican, its spUtting up, and the enzyme
which brings this about." This paper contains the results of

inquiries, made in 1898, which for technical reasons were not

intended for publication. Beyerinck's publication makes further

withholding useless. Mr. Hazewinkel observed that when all

enzyme actions are excluded, an aqueous solution might be
obtained from leaves of Indigofera leptostachya, which solution

by the action of enzymes and subsequent oxidation yielded

indigo. The glucoside-indican found in this solution appeared
to be a fairly stable substance (also at boiling heat and when
acted upon by alkalis), provided it was not exposed to the action

of enzymes (indimulsin, emulsin) and of acids. Mr. Hazewinkel
proved in various ways, among others by the formation of indi-

zubine (with isatin), that the indigo-forming splitting-product of

indican is indoxyl, and inquired into various circumstances in-

fluencing the detection of indoxyl in those solutions and the

formation of indigo from indoxyl, and also observed that

during the so-called fermentation of indigo leaves, no
indican, but indoxyl is present in the fermentation fluid.

—

Prof. Hoogewerff' also made a communication on behalf of

Mr. H. ter Meulen and himself, entitled "A Contribution to

the Knowledge of Indican." Basing their inquiries upon the

above-mentioned inquiries by Mr. Hazewinkel and those made
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by Prof. Beyerinck, Prof. Hoogevverff and Mr. ler Meulen
prepared pure indican from leaves o{ Polygoujim tiiictoritim,

cultivated by Prof. Beyerinck, and from indican solutions

received from Mr. Hazewinkel. Indican crystallises out of an
aqueous solution with 3 mol. H2O, probably in rhombic crystals,

melting at 51° and decomposing, when heated, to a higher

temperature with the formation of violet vapours ; it tastes bitter

and is optically active, exerting a left-handed rotation. Over
sulphuric acid in vacuo it loses its water of crystallisation ; its

melting point is then ioo°-i02°. It dissolves pretty readily in

water, methyl alcohol, ethyl alcohol and acetone, and very

slowly in benzole, carbon disulphide, ether or chloroform. It

is represented by the formula C]4Hi7NOb, corresponding to the

formula proposed by Marchlewski. The result obtained was

567 per cent. C, 5'8 per cent. H, 47 per cent. N ; the molecular

weight was determined cryoscopically. On decomposition

with HCl and oxidation with air, indican yielded indirubinous in-

digotine. No difference was observed between indican out oi In-

digofe>a leaves and that obtained from Polygonwn leaves. Further

investigations were promised.—The following pai)ers were
al.so presented for publication in the Froceedings : On a special

case of Monge's difiPerential equation, by Prof. W. Kapteyn.

—

On the locus of the centres of hyperspherical curvature for the

normal curves of ^-dimensional hyperspace, by Prof. Schoute.

—

On the power of resistance of the red-blood corpuscles, by Mr.

Hamburger.— (i) On behalf of Mr. J. D. van der Waals, junr.,

a paper on equations, containing functions for different values of

the independent constant ; (2) on behalf of Dr. J. Verschaffelt,

a paper on the critical isotherm and the densities of saturated

vapour and liquid in the case of isopentane and carbonic acid,

t)y Prof, van der Waals.—On the 14-monthly period of the

•motion of the earth's pole, with determinations of the azimuth of

! the meridional signs of the Leyden Observatory in the years

4882-1896, by Prof. H. G. van de Sande Bakhuyzen, on behalf

of Mr. J. Weeder.—Prof. Hoffman presented for publication in

Ihe Transactions a paper, entitled " Zur Entwicklungsgeschichte

der Sympathicus."
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BIOLOGY AS AN ''EXACT'' SCIENCE.

The Grammar of Science. By Karl Pearson, M.A.,

F.R.S., Professor of Applied Mathematics and

Mechanics, University College, London. Second Edi-

tion, revised and enlarged, with n figures in the text.

Pp. xviii + 548. (London: Adam and Charles Black,

1900.)

THE sciences of life are marked off for practical pur-

poses from those concerned with inorganic matter

by obvious differences in the nature of the material with

which they respectively deal. But in addition to dis-

tinctions of this kind, it has been customary to look upon

biology as havmg a lower claim to the title of an
" exact " science than that enjoyed, for example, by

chemistry and physics. This view has been emphasised

by the practice of calling biology a merely " descriptive
"

science, with a kind of implication that other sciences

are that and something more. The distinction, however,

is at best an artificial one, resting mainly on the fact that

the conditions of life are often so complex, and the data

so difficult of access, that the use of those quantitative

methods of induction which in other sciences have been

fruitful of important results, so far as biology is concerned

has to a great extent remained in abeyance.

It could not be expected that this state of things

should be allowed to continue. " Every science," said

Stanley Jevons, " and every question in science, is first a

matter of fact only, then a matter of quantity, and by

degrees becomes more and more precisely quantitative."

In those parts of biology which come into relation with

chemistry and physics, the quantitative methods have

long since gained a footing. Physiology tends increas-

ingly to become a science of exact measurement, and

there is abundant scope for the exercise of mathematical

power in the investigation of its present data. With regard,

however, to many problems of what is known as " general

biology," especially those which gather round the central

doctrine of evolution, it is no doubt true that until recently

measurements have either not been applied at all, or

have been used only in the simplest and crudest form.

That general biology has now ceased to deserve the

reproach of neglecting quantitative methods is largely

due to the labours of Mr. Francis Galton, Prof. Weldon,
and Prof. Karl Pearson ; the way towards a greater pre-

cision of method having also been in some degree pre-

pared by other workers, such as Milne Edwards, J. A.

Allen and A. R. Wallace.

In the second edition of his well-known " Grammar of

Science," Prof. Pearson has included two new chapters

which contain a semi-popular account of his recent work
on the mathematical aspects of evolutionary theory. The
ground covered is extensive, comprising quantitative

investigations of variation, correlation, selection in its

various forms, heredity and reversion. Those readers

who may be deterred by the length and elaboration of

Prof. Pearson's papers in the Proceedings and Philosophical

Transactions of the Royal Society will here find a clear

account of the various problems concerned, together with a
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tolerably easy explanation of the mathematical processes in-

volved in their attempted solution, and a useful summary
of the results so far arrived at. The author states his

main position as follows :
—

" What we need in the theory of evolution is quantita-

tive measurement following upon precise definition of our
fundamental conceptions. Biologists, even as physicists

have done, must throw aside merely verbal descriptions,

and seek in future quantitative precision for their ideas."

In the same spirit. Prof. Weldon remarked in his Pre-

sidential Address to Section D at the Bristol meeting of

the British Association :
" Numerical knowledge of this

kind is the only ultimate test of the theory of natural

selection, or of any other theory of any natural process

whatever." That these dicta are substantially true will

hardly be questioned, though it may be objected to Prof.

Pearson that he somewhat overstates his case. AH con-

crete science is in its essence descriptive, and it is not

improbable that parts at least of biological study will

have to remain indefinitely in the condition of " merely

verbal description." It would appear, too, that in his

eagerness to denounce the putting forward of inadequate

hypotheses, the author allows himself to undervalue those

rough preliminary generalisations which have frequently

formed so useful a step in the completion of a great in-

duction. It is possible to attach too much importance

to Faraday's famous saying. If every " suggestive

thought" which has eventually turned out to be imper-

fect, or even erroneous, had been "crushed in silence"

instead of being given to the world, the cause of scientific

progress would have suffered. We must often, for prac-

tical purposes, be content to proceed by the method of

successive approximation. The work of Darwin himself

was only to a limited extent quantitative.

Evolutionists of what may perhaps without offence

be called the " orthodox " type, will find Prof. Pearson's

attitude towards most controverted points sufficiently

correct. Thus, without denying the possibility of a

bathmic element in evolution, he does not countenance

the " inherent growth-forces " that find favour with Neo-

Lamarckians. Demonstration of the inheritance of

acquired characters he holds to be still wanting
;

tradition, on the other hand, is probably an important

factor in what are called the " instincts " of the lower

animals. He finds no quantitative evidence for tele-

gony, the occurrence of which alleged phenomenon
"seems both mechanically and physiologically incon-

ceivable." The reality of natural selection as a factor

in evolution is quantitatively demonstrable, and sexual

selection is rehabilitated.

It would be impossible within the limits of ^notice

like the present to do justice to the lucidity of Prof.

Pearson's explanations, the ingenuity of his mathematical

devices, and the care with which he has avoided possible

sources of error in his calculations. Examples may be

found in his exposition of the technical terms "modal
value " and " standard deviation "

; in his determination

of the coefficient of regression ; and in his discussion of

the relative value of selective and non-selective death-

rates for organs of different sizes. Among the most

valuable of his suggestions are those on the importance

of correlation ; on selective mating in its various forms

D
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(including autogamy, endogamy, homogamy, preferential

mating or '* sexual selection " in Darwin's sense, and

heterogamy) ; and on " genetic selection " or the in-

heritance of fertility. The last-named principle promises

to be of special weight as a factor in evolution, though

the proof of definite correlation of other physical charac-

ters with that of fertility must still be considered in-

complete. The analysis of natural selection into auto-

generic, heterogeneric and inorganic selection (" intra-

selection " being ignored) is useful, and might have been

carried still further.

A contribution to the theory of evolution so original

and stimulating as Prof. Pearson's must necessarily run

the gauntlet of much adverse criticism. This will

probably take the form rather of objection to certain

points of detail than to the general drift of his method.

Certainly some passages and expressions seem capable

of amendment. It is, for instance, scarcely allowable to

speak of the approach of the coefficient of correlation to

unity as " the transition of correlation into causation." As
the author himself elsewhere points out, correlation does

not imply causation, though the converse is no doubt true

enough. The principle of recognition-marks in their

widest sense seems again to deserve more consideration

than it receives at his hands. They are requisite to

ensure the actual effectiveness of the impulse towards

preferential mating. It is worth notice in this con-

nection that the author's view as to the species-forming

tendency of differential fertility (which is distinct from
" physiological selection," as understood by Romanes) is

well exemplified by Dr. Jordan's work on " mechanical

selection." In speaking of hybridisation with reference

to atavism, the " Grammar " does less than justice

to observed facts. The evidence afforded by crosses,

such as those so carefully investigated by Standfuss

at Zurich and by Prof. Cossar Ewart at Penicuik,

has a bearing on heredity and atavism which cannot

safely be ignored. Prof. Pearson contents himself with

saying that in such cases, "from physiological and
mechanical reasons, the gametes produce a zygote which
does not give an individual blending the ancestry.

Here any singularity almost may be expected." This

statement, to say the least, seems wanting in precision.

Again, a severe critic might allege that the author is apt

to assume theoretical values (as in the case of the re-

semblance of first cousins) which have not stood the test

of rigid proof.

We have not yet learned to like the new term "apole-

gamy," nor such a phrase as " a comparative few zygotes "

(P- 453)- The remarkable form of a sentence on p. 461

is probably due to a printer's error, as also the substitu-

tion o# DAG for FAG at the bottom of p. 447. These,

however, are small matters, and do not detract from the

value of the book.

We must not be led into a discussion of the earlier

chapters, a notice of which appeared in these columns at

the time of their original publication. There is, however,

one point on which we cannot refrain from joining issue.

Prof. Pearson takes biologists to task for the loose way
in which they often use such terms as " matter," " force "

and " motion," as if no important questions lay behind

them. Now it is certain that, in their employment of

these expressions, biologists have no desire whatever to
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prejudice any philosophical problems. When meta-
physicians and physicists are agreed about the definition

of these terms, the biologist will doubtless be quite ready

to follow suit. Meanwhile he must be allowed the use

of ordinary language. But Prof. Pearson maintains that

if these words are used in their everyday, or, as he calls

it, their " figurative " sense, they ought to be defined.

Why so ? No definition is required for the particular

end in view. Supposing an opponent were to say that

the " matter " of the argument was not " attractive," and
that there was no " force " in this or that contention,

would the Professor waste time in making him define hi&

terms ? C^n we not " beat about the bush " without

entering into explanations that would satisfy the school-

master and the botanist ? It would seem that here the

Professor once more overshoots his mark.

It will be convenient to give, in conclusion, a summary
of the main contention of these new chapters in the

author's own words, as follows :

—

" It is not absence of explanations, but rather of the
quantitative testing of explanations, which hinders the
development of the Darwinian theory." " The problem
of the near future is not whether Darwinism is a reality,

but what is quantitatively the rate at which it is working
and has worked."

It is noteworthy to find him adding :

—

" If that problem should be answered in a way that is

not in accordance with the age of the earth, as fixed by
certain physicists, it by no means follows that it is biology
which will have to retrace its steps. When the rate is

determined, it will be as exact in its nature as physical
appreciations ; and it will be a question of superior logic,

and not of the superiority of the 'exact' over the ' de-
scriptive' sciences which will have to settle any disagree-
ment of biology and physics." ..." It is a question of
the rate of effective change, and when the biologists are
in a position to make a definite draft on the bank of time,

their credit will be just as substantial as that of the
so-called exact sciences."

These last sentences, as coming from a mathematician,

are highly significant ; and we cannot but admire the

courage that has given them expression. F. A. D.

HERTZ'S MECHANICS.
The Principles of Mechanics presented in a Nciu Forin.

By Heinrich Hertz. Authorised English Translation,

by D. E. Jones and J. T. Walley. Pp. xxviii -I- 276.

(London : Macmillan and Co., Ltd., 1899.)

GREAT expectations were aroused by the publication,

in 1894, of a book by Heinrich Hertz, with the

title, "Die Principien der Mechanik in neuem Zusam-

menhange dargestellt." Perhaps it would set out the

received theory of dynamics in strictly logical sequence ;

perhaps it would present a complete theory of energy in-

dependent of the notion of force ; perhaps it would

bridge the gap between the molecular and mechanical

standpoints. Whether it would do any of these things or

not, what Hertz might have to say would certainly be

worthy of attention. Hertz died before the work was
printed, and the task of seeing it through the Press was
entrusted to Dr. P. Lenard. He tells us that the author

had devoted the last three years of his life to the book,

the last two being spent in perfecting its form ; and, al-

though there are indications that he was not even theri
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•completely satisfied, the work may fairly be regarded as

the mature expression of his deliberate thought on the

subject.

The book opens with a preface by Helmholtz, followed

by the author's preface ; then there is an introduction,

and the author's theory is formulated in two books :

—

Book i. : Geometry and kinematics of material systems ;

Book ii. : Mechanics of material systems. Helmholtz's

preface contains an account, which might be called an

appreciation, of the scientific work of Hertz, and is further

remarkable for the statement that, while Kelvin, Maxwell

and Hertz appear to have derived fuller satisfaction from

€xplanations of physical facts founded on some simple

}»eneral conception, such as Hertz's " straightest path,"

he, for his part, had felt safer in adhering to the repre-

sentation of physical facts and laws by systems of

differential equations. In his own preface the author

tells us that his object was " to fill up the existing gaps,

and to give a complete and definite presentation of the

laws of mechanics which shall be consistent with the

state of our present knowledge, being neither too re-

stricted nor too extensive in relation to the scope of this

knowledge "
; and that what he hoped was new in his

work was " the arrangement and collocation of the whole

—the logical or philosophical aspect of the matter."

In the introduction the author criticises the received

theory of dynamics and the more modern doctrine of

energetics, and proceeds to explain the character of the

new theory which he proposes. The novelty consists in

this : whereas the other two theories started from four

fundamental concepts—space, time, mass and force, or

energy—he requires only three—space, time and mass

—

and the hypothesis of concealed masses. In Book i.

relations concerning spaces and times are considered, and
we have a generalisation of ordinary kinematics, including

definitions of the path and velocity of a material system,

and its shortest and straightest paths. By a material

system is meant what in the ordinary presentation of

dynamics would be called a system of particles with in-

variable connections. Some of the definitions referred

to contain arbitrary elements, but they are, at any rate,

simple. The definition of mass might have been omitted

with advantage. In Book ii. the author enunciates his

"fundamental law"—that every free system moves in a

straightest path. This law may be looked upon as an
interpretation of the principle of least action for systems

of which all the energy is kinetic, or as an extension of

Gauss's principle of least constraint. He proceeds to

show how the motions of systems which are not free can
be brought under the fundamental law by means of the

hypothesis of concealed masses—the visible system is

regarded as linked on to another system by invariable

connections—and it is proved that the equations of

motion of the system contain terms which correspond to

the " forces " of ordinary dynamics. It is, perhaps, not

remarkable that the dynamics of distant gravitating

bodies, which was the immediate object of the received

theory, should offer special difficulties from the present

point of view (§ 469) ; on the other hand, it is claimed

that the new minimum principle is applicable to invariable

connections of the type of pure rolling, in which the

velocities are connected by non-integrable equations, and
that it thus includes more phenomena than the principle
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of least action. A considerable portion of Book u. is

taken up with the consideration of cyclical systems.

Hertz has here developed important conceptions due to

Helmholtz. Throughout both books the " older synthetic

method," that of a chain of propositions, has been adopted

in order that the logical purity of the theory might be

beyond dispute.

Whatever may be the influence exerted on the progress

of mechanics by Hertz's kinematical generalisations and

fundamental law, there cannot be any doubt of the value

of his criticisms of existing dynamical theories. He has

explained, in the clearest manner, the object of physical

theories, and stated the conditions which such theories

must satisfy. He has tested the received theory of

dynamics—that which is associated with the names of

Galilei, Newton, d'Alembert and Lagrange—in respect of

logical permissibility, and in respect of appropriateness

as an expression of facts. Concerning this representation

of physical experience, he asks :
" Is it perfectly distinct ?

Does it contain all the characteristics which our present

knowledge enables us to distinguish in natural motions ?"

And his answer is "a decided—No." He has put his

finger on the weakest part of the theory—the relation of

the notion of internal stress to that of equal and opposite

distance-actions. He makes the supposition that the

theory can, even here, be rendered rigorous, and prefers

to base his attack on the complexity of the various actions

which the theory needs to assume. In a somewhat

similar spirit he discusses the representation of physical

facts by means of the theory of energy, although it is

rather the logical permissibility than the appropriateness

of this representation that is called in question.

The translators have done their work well on the

whole. Here and there they have been too literal, or not

literal enough ; they have left some obvious misprints in

the German text, and some in the translation, un-

corrected ; but these are slight blemishes, and we must

be grateful to them for a rendering which admirably

conveys the spirit of the original. Their translation

should serve to make more widely known a book which

certainly ought to be read by all who wish to have clear

ideas concerning the most fundamental of the physical

subjects. A. E. H. L.

ASSYRIAN AND BABYLONIAN ASTROLOGY,
The Reports of the Magicians and Astrologers of
Nineveh and Babylon. By R. C. Thompson. Vol. i.

Pp. xviii -I- 85 plates of cuneiform text. Vol. ii.

Pp. xci -H 148. (London : Luzac and Co., 1900.)

IT is now about thirty-five years ago since the late

Edward Hincks, whose name will be honourably

coupled with the history of cuneiform decipherment,

astonished many folk by declaring that he had discovered

in the British Museum tablets which related to the

pseudo science of astrological astronomy. And it is not

surprising that such a declaration evoked general interest,

because reasonable grounds existed for hoping that when
the texts on the tablets had been deciphered, some trust-

worthy information about Chaldean astronomy might be

forthcoming. The labours of Hincks were followed by

those of Lenormant and Oppert, but they had little
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result, because neither of these scholars was able to

devote sufficient time to the study of original texts in the

British Museum. Great impetus was given to the study

when the late Sir Henry Rawlinson published the third

part of the "Cuneiform Inscriptions," and Prof. Sayce

found therein material for his paper on the " Astronomy

and Astrology of the Babylonians," which appeared in

1873. During the last twenty-five years the astronomy

of the Babylonians has been discussed by Strassmaier,

Jensen and others, but little has been done for the older,

sister subject of astrology. In the two volumes before us

Mr. Campbell Thompson gives us the cuneiform text of

what is, practically, the complete series of the Astrological

Reports of the Royal Library at Nineveh—that is to say,

opies of about two hundred and eighty tablets, and trans-

literations of about two hundred and twenty duplicates,

without reckoning the transliterations of the texts of the

original series. In addition, we find a translation of the

tablets in English, and a vocabulary, with references,

and a subject index. '^ The work in each of these sections

has been carefully done, and we welome Mr. Thompson

in the little band of English Assyriologists, because his

pages, somehow, suggest that he intends to try to justify

his position as assistant in the British Museum. The

study of Biblical parallels and the making of Biblical

comparisons are interesting and useful enough in their

way, but it is useless to dogmatise about any branch of

Assyriology as long as the literature relating to it remains

unpublished. Mr. Thompson's book is a good proof of

this contention. Many have talked glibly and written

vaguely about Chaldean astrologers, but now that we

have before us the actual texts of the documents which

they drew up, we shall find that most of what has been

written on the subject before is incorrect.

The study of astrological astronomy in Western Asia

is very ancient, and an old tradition, referred to by Pliny,

states that the Babylonians possessed records of calcu-

lations which covered a period of 490,000 years ; there is

no doubt that we now possess texts of this class which

are as old as the reign of Sargon of Agadhe (about B.C.

3800); but nothing older than this date has yet been

unearthed. The principal astronomical schools in Assyria

in the seventh century B.C. were at Ashur, Nineveh and

Arbela, and at a later period Sippar, Borsippa and

Orchoe, in Babylonia, were famous for their schools. The
chief duty of the astrologer in Assyria was to calculate

times and seasons, which he did either by observation or

by the help of an instrument called abkallu shikla—i.e.

" master of measure" (^r reckoning). This instrument

may be the clepsydra, which Sextus Empiricus says was

known to the Chaldeans. The time measure was called

kasbu, and contained two hours ; the month was one of

thirty days, and the year contained twelve months. The

Assyrians employed one intercalary month (second Adar),

and the Babylonians two (Elul and Adar). Both nations

had a year of lunar months, and much of the time of the

Chaldean star-gazer was spent in observing the sun and

moon, with the view of determining when the months

began and ended. The seven planets were called Sin

(moon), Shamash (sun), Umunpauddu (Jupiter), Dilbat

(Venus), Kaimanu (Saturn), Gudud (Mercury), and

Mushtabarru-mutanu (Mars). From these, and the

Signs of the Zodiac, and indeed most heavenly bodies,
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omens were deduced, and from the horns of the moon
many portents were derived. Another source of omens
were the halos, two of which were known ; the one was

of 22°, and the other of 46'. Dark halos always portended

rain, and were well known, and Mr. Thompson suspects

that the astrologers were acquainted with mock suns

also. That they were good weather prophets is tolerably

clear from many indications ; indeed, it would be sur-

prising if they were not. The omens derived from

eclipses are very interesting, but the train of reasoning

which guided the composition of birth portents cannot

always be fpUowed. Thus, in text No. 277, it is related that

a certain butcher, called Uddanu, reported to an astrologer

that when his sow littered, one of the young pigs had

eight legs and two tails, and that he had preserved the

animal in brine ; from this birth the astrologer deduced

the omen that the Crown Prince of the day would " grasp

power." But why ? Many of the reports sent to the

king are interesting, chiefly because of the variety of

their contents. When the astrologer had reported the

astrological fact asked for, he added any little detail con-

cerning mundane affairs which he might have room for

on the tablet, or which he thought it would amuse the

king to have knowledge of. Sometimes there is nothing of

special astrological importance in the report at all— ^.,^. No.

22, whereon the writer wishes the king power and riches,

and says that as the gods Ashur, Shamash, Nebo and

Merodach have delivered Kush and Egypt into his hands,

even so will they deliver the Cimmerians and the Mannai.

Again, in No. 124, more than one-third of the report is

occupied with the discussion of some private afifair, in

which the writer says, " Now the king knows I hold no

land in Assyria." From the literal translations which

Mr. Thompson gives in the second volume of his book,

it is clear that the writers of these reports wilfully

obscured their meaning by using obscure and difficult

words, and that they intended to make it necessary for

their recipients, royal or otherwise, to call in the pro-

fessional astrologer. If the Assyrians found it difficult

to get out a meaning from such documents, there is small

wonder that we, in these days, have a difficulty in

understanding them also, and as many of the allusions

must necessarily be unknown to us, we may have, to wait

for new texts which will help us to clear therh up.

Meanwhile, Mr. Thompson has dealt carefully with his

texts, and has erred rather on the side of being too literal

than too paraphrastic in his translations. It is to be

hoped that he will find time to continue his investigations,

and to give us accurate editions of original documents,

which may serve as the foundation of a superstructure of

facts rather than theories.

THE SCIENCE OF NUMBER.
Elements de la Theorle des Nombres. Par E. Cahen.

Pp. viii + 404. (Paris : Gauthier-Villars et Fils, 1900.)

TO the contemplative mind the science of arithmetic

offers irresistible, if tantalising, attractions. The

abstract notion of number underlies all scientific know-

ledge and theory whatever ; and it is in terms of it alone

that we are compelled to seek for the ultimate statement

of the facts of the sensible world. It is most unfortunate
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that arithmetic should be so often confounded with

the vulgar art of logistic—the necessary, but ignoble,

reckonings of the exchange and the market-place. Even

those who are aware of the distinction often fall into

another error, which is almost equally pernicious. To
most of them scientific arithmetic means the " Theory of

Numbers," a term which they vaguely associate with an

unknown, mysterious branch of mathematics with which

only a few eccentric specialists have any concern.

The facts of the case are very different. It is true, of

course, that the exact and logical foundation of the very

rudiments of arithmetic has required the efforts of a

series of the greatest intellects ; that in order to follow its

numerous ramifications, and appreciate its relation to

other parts of analysis, demands a large amount of ability

and perseverance ; and that many of its truths have, as

yet, only been proved by elaborate, one may even say

artificial, methods ; while other theorems, almost certainly

true, still baffle all attempts at demonstration. But, in

spite of all this, it may be asserted that arithmetic re-

quires less apparatus and less preliminary training than

any other branch of mathematics ; and that, whether as

a recreation or as a field for research, it amply rewards a

very moderate degree of application.

It is not without reason, therefore, that Prof Cahen
addresses himself deliberately toamateur mathematicians

;

and, in fact, anyone gifted with common sense, unspoiled

by a vicious course of school instruction, ought to profit

by his lucid and entertaining pages. In six chapters he

deals in sufficient detail, and with appropriate numerical

illustration (a most important point), with the elementary

definitions and laws of operation, with linear and quadratic

congruences, and with the elementary theory of binary

quadratic forms. After this come a series of notes,

ranging from scales of notation to an outline of the

properties of Gauss's complex integers and their nearest

allies ; and, finally, a very useful set of tables, which

afford the reader material for those applications to par-

ticular cases, without which the general theory cannot

possibly be mastered.

The appearance of this work, as well as of others with

a similar object in view (for instance, M. J. Tannery's

excellent " Legons d'Arithmetique "), encourages the hope
that some improvement may be effected in the teaching

of arithmetic in schools, and that a sound knowledge of

its first principles may cease to be the monopoly of a

very small minority of University graduates. It is, un-

fortunately, true that a very large proportion of class-

books, both in arithmetic and in algebra, contain half-

informed, misleading attempts at expounding theory

which are really worse than the old-fashioned bundles of

" Rules "
; and unless these are replaced by something

better, the efforts of reformers will have the lamentable

result of producing a state of things worse than the old

routine : a mere jargon of pseudo science, a barbarous

patchwork of sham " Principles."

M. Cahen's work will be found of interest, not only by
the amateur in search of recreation, but by intelligent

teachers and arithmeticians of every degree of proficiency
;

while the professed devotees of the science will look with

pleased anticipation for the more extended work on the

same subject which the author appears to be preparing.

G. B. M.
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OUR BOOK SHELF.
Atlas of Urinary Sediments, with special reference to

their Clinical Significance. By Ur. Hermann Riedel.

Translated by F. C. Moore, M.Sc, M.D. Victoria.

Edited and Annotated by Sheridan Delepine, M.B.,
CM. Edinburgh, B.Sc. Pp. viii -f- in, and 36 plates.

(London : C. Griffin and Co., Ltd., 1899.)

Thf: work before us, as is evident from its title, is an
atlas, and will be of interest rather on account of its

plates, which are very beautiful, than of its letterpress
;

this latter, however, which is situated at the end of the
book, covers more than a hundred pages, and is provided
with a bibliography and an index of authors and subjects.

The text is sub-divided into an introduction and two
parts. The introduction deals with methods of collection

and examination, &c. Part i. is devoted to unorganised,
Part ii. to organised sediments. The editor has added
considerably to the original text, his remarks being indi-

cated by parentheses : he occasionally differs with Dr.
Riedel concerning fact. The large additions to the text

made by the editor have rather altered the character of
the work, and have probably increased the sphere of its

usefulness.

Under organised seditnents bacteria are considered.
A useful chapter is to be found at the end concerning the
making of permanent specimens of urinary sediments.
The book should be of value to urinologists, and the

plates certainly to physicians in general. The thanks of
the profession are due to the translator and the editor

for making the work available to English readers, and
amplifying its contents

Dante. By Edmund G. Gardner, M.A. "The Temple
Primers." Pp. vi+159. (Dent, 1900.)

A VERV admirable book, by the author of Dante's "Ten
Heavens." Dante was a master of the science of his

time, and Mr. Gardner has shown that he has not only
carefully studied the " Divina Commedia" from the point
of view of literature, but has taken pains to carefully

annotate all the references to the then systema tnundi
on which so much of the action of the poem depends.
Diagrams and explanations are given at the end of the
book, which will be found most useful by the student.

The Farmstead. By Prof J. P. Roberts, Director of the
College of Agriculture, Cornell University. Pp. vi-l-350.

(New York : The Macmillan Company. London :

Macmillan and Co., Ltd., 1900.)

This is a very readable compendium of suggestions in

regard to providing a beautiful, economical, and healthy
rural home. Although written for American farmers, it

contains much that is of interest to all who are con-
cerned with a country life, and few will peruse the book
without gleaning some useful hints. There are special

chapters on house-furnishing, decoration, and sanitation

by Prof. Mary Roberts Smith, who writes pleasantly on
the lighter sides of a farmer's life. A strong case is

made out for the educational opportunities of the farm,
which are shown to be ample enough to satisfy the most
exacting advocate of Nature Study. W. S.

Object Lessons in Botany from Forest., Field, Wayside
and Garden. Book ii., for Standards iii., iv. and v.

By Edward Snelgrove, B.A. Pp. xviii-t-297. (London:
Jarrold and Sons.)

This is a meritorious little book, and ought to well

serve its purpose of inculcating habits of accurate and
precise observation in the young pupils for whom it is

designed. Although we notice a few slips here and there,

they are not serious ones, and are quite eclipsed by the

excellent character of the book as a whole. The author

is convinced, as he says in the preface, of the value of

elementary botany in the education of children, and we
think his book justifies his contention.
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manuscripts intended for this or any other part of Naturb.
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Percussion Caps for Shooting in Schools.

The extraordinary explosive power of fulminate of mercury
is known to all chemists, but it is not generally known that the

explosion of a percussion cap on a gun will cause a current of

air sufficient to extinguish a candle at a distance of ten or fifteen

feet. The distance, of course, varies with the length and bore of

the gun, and with the nature and the size of the candle. The
gun must be pointed at the lower part of the wick, and in order

to blow out the candle the aim at this distance requires to be

nearly as accurate as would be required to make a centre with a

rifle at a hundred yards. In a speech to the Primrose League
on May 9, Lord Salisbury mentioned the expediency of every

man having the chance to learn to handle a rifle within reach of

his own cottage. By beginning with percussion caps children

might be taught to handle a gun at such an early age, that, in

case of invasion of this country, boys of fourteen might be able

to act as soldiers, as they are said to be doing amongst the Boers

at the present time. The objections to training children to

handle a rifle are, first of all, the danger of the child shoot-

ing either itself or some one else ; and secondly, the expense.

But the inclination of children to play soldiers might readily be

utilised by teaching them to handle first of all a toy gun, and then

to practice shooting at a candle with caps. For those who
shoot best with caps, the practice with a saloon rifle might be

held out as a reward. One single-barrelled old muzzle-loading

gun would suffice for many children, and as 240 caps cost a

shilling, the expense of providing a gun and material for practice

would be very small. Lauder Brunton.

Escape of Gases from Planetary Atnnospheres.

In Nature of March 29 (p. 515), Dr. Stoney, in referring to

a paper by the writer in the January number of the Astro-

physical Journal, raises the question as to the correctness of

the use of Maxwell's distribution of velocities in computing the

escape of gases from the earth's atmosphere. He maintains

that this distribution does not hold at its attenuated limits. In my
paper I have not taken conditions which may exist there, but

boundary conditions, which are much more favourable to the

escape of the molecules of a gas, and certainly compatible with

the kinetic theory, if we are to accept such a theory at all.

Of the four conditions discussed in my paper, I will only refer

to the third, the data for which are based on direct observation,

namely, - 66° C. at a height of 20 kilometres (the mean of several

ascensions really giving - 65° C. to - 70° C. for a height of only

16 kilometres). The pressure is calculated from the usual ex-

ponential formula, which agrees closely with observations to

this height. At these temperatures and pressures there can be

no question as to the validity of the kinetic theory.

Let us assume now that the atmosphere abruptly terminates

at this height, and at this temperature the loss would certainly

be greater (in fact, very much greater) than under the actual

conditions, where the temperature and pressure are much lower.

It should also be noticed that in my tables I have assumed the

atmosphere to be entirely made up of one gas—for example,
helium or hydrogen. Even then only 2673 x io""2*c.c. of helium

would escape in 10' years. Hence the assumption that helium

is now escaping from our atmosphere is without foundation. In

the case of a hydrogen atmosphere only 054 c.c. will escape in

one year. If the total amount of air in the atmosphere be taken

approximately at 10''^"' c.c, and if the actual density and tem-

perature at the outer limits of the atmosphere be also considered,

It will be evident how baseless the supposition is that either

helium or hydrogen is escaping. It should be further noted that

Maxwell's distribution of velocities from zero to infinity is the

only one giving a sufficient velocity for any escape at all, Clausius'

theory not being adequate.

It was the assumption that helium is escaping from the at-

mosphere—since it had not been detected—that first led me to

verify it on the kinetic theory of Maxwell. The discovery, by
Ramsay, of helium as a constituent of our atmosphere only tends

to confirm the results of my calculations of the impossibility

of its escape. S. R. Cook.
Physical Laboratory, University of Nebraska, April 26.
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Racket Feathers.

Your able reviewer of Meyer and Wiglesworth's " Birds of
Celebes " (Nature, April 26), criticising the arguments used to

account for the formation of the racket tail feathers of the parrot,

Prioniliiriis (as an inherited effect of mechanical attrition on
objects against which the tail is liable to be brushed—boughs,

walls of nesting-hole, &c.), asks the pertinent question, why so

few exposed feathers, such " as the external rectrices and remiges

of all birds, and specially the lengthened feathers of wedge-
shaped tails (Dicrurus) are neither bare nor racket-shaped nor

incipiently so." The insignificant length of the outer rectrices

of Dicrurus perhaps safeguards them ; when these feathers are

longer, as in the closely-allied Bhringa and Dis<;emurus, they

are racket-shaped. As to the remiges and rectrices of birds

generally, one feather overlies and to a great extent protects the

next ; but still, the outer webs are always very much narrowed
in the outermost and most exposed feathers, less narrowed in the

next, and so on till in the middle of the wing and tail (where

they are well protected on both sides) they are not narrowed at

all. But, while normal wing and tail feathers are exposed to

attrition on one web only, long feathers standing well out fron:>

the rest are liable to have the web frayed on both sides of the

shaft as far as they project beyond the other feathers, and to

some extent where they rest upon the other feathers through

friction against the latter. It is assumed that at some period

earlier in the history of the race these elongated feathers were

of the usual simple shape, but they are now known to issue from

the follicles displaying peculiarities which are often much the

same as those obtained by scraping an ordinary feather with a
knife—namely, if the shaft is stiff afid not very long, a small

terminal spatule is formed (as in Prioniturus, Parotia) ; if the

shaft is long and weak, a large spatule (as in Tanysiptera,

Loddigesia). A difficulty, perhaps, to the acceptance of the

theory is its apparent consequence—that epidermal (in a sense,

dead) structures, like feathers, possess the power of transmitting

mutilations to posterity. For my own part, I think that the

modification of shape of the feathers is communicated to the

sensitive tissues (much in the same way as the shape of a stick

placed in the hand of a blind man is comprehended by him after

touching other things with it), and that a corresponding physio-

logical adjustment is made and gradually inherited. The result

is probably not an exact recapitulation of the mutilation, but it

sometimes appears to be very nearly so.

L. W. WiGLESWORTH.
Castlethorpe, Stony Stratford, April 30.

Mr. WiGLESWORTH in the above note hardly does more than

recapitulate the (?) arguments advanced in the "Birds of

Celebes." He does not offer any explanation of the crucial

difficulties indicated in the review ; why "mechanical attrition

on objects," or by the wind, is effective only in so few cases

throughout the class Aves when so many species are subject to

the necessary conditions ; why, for instance, the species of Palae-

amis (belonging to the same sub-family as Prioniturus), or those

of the genus Irissor, do not conform to the "law" ; and why
one sex of a species may have "sabre wings," or spatulate orna-

ments in various situations, and the other sex not.

The question may also be asked ap7-opos of Mr. Wigleworth's

statement above, why in Paradisea rubra the long and weak-

shafted tail feathers have the sjnall spatule (which eventually

vanishes) instead of a large one, if the knife-scraping Analogy

hold.e good ?

The reasons for the exceptions to the author's rule is what
chiefly demands an explanation, in the opinion of

The Reviewer.

THE APPROACHING TOTAL ECLIPSE OF
THE SUN.

THE approaching total solar eclipse, on the 28th of

the present month, promises to contribute some
valuable additions to our scientific knowledge of the

centre of our system, inasmuch that the track of the moon's
shadow on the earth's surface passes, to an unusual ex-

tent, through regions which are easily accessible. Enter-

ing the North American continent near New Orleans,

in Louisiana, the central line of eclip«se traverses the

States of Mississippi, Alaban)a, Georgia and Carolina^
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passing on to the Atlantic from the shore of Virginia,

near Norfolk. The track is thus crossed by many of

the numerous railway systems of the Southern States,

exceptional facilities being thereby offered to observers

with large instruments. Information supplied by the

U.S. Weather Bureau indicates that stations in Alabama
and Georgia are most likely to be favoured with an un-

clouded sky \ hence the expeditions from the chief

American observatories will go there. Congress has
voted 5000 dollars to the Naval Observatory, and 4000
"dollars to the Smithsonian Institution, for the necessary
equipment. The Naval Observatory staff will organise
two expeditions, one going to North Carolina, the other

to Georgia, -so that the stations will be some 200 miles

apart, and wiU furnish valuable evidence as to the changes
to which the solar surroundings are subject.

Ihe Smithsonian Institution will be represented by
Prof S. P. Langley, and the Princeton Observatory by
Prof. Youngs who will make a redetermination of the

vave-length of the green corona line. Prof Stone will

conduct a party from the University of Pennsylvania,
and although details are as yet unknown here, it is ex-

pected that expeditions from the Yerkes (Profs. Hale,
r>nrnard and Frost) and Lick (Prof Campbell) Observ-
ories will endeavour to obtain complete spectroscopic
e( ords of the various stages of the eclipse. The latter

\\'\\\ again use the 4o-(oot coronograph, giving a 4-inch
disc on plates 14x17 inches. Prof. Pickering, of the
Harvard College Observatory, proposes to make a
systematic search for an intra- Mercurial planet, and will

probably occupy a station in Alabama.
By the kindness of Prof Young, the Rev. J. M. Bacon

has been enabled to organise an expedition to the States,

and his observations will be made in the neighbourhood
of Wadesborou^h, near the boundary between North and
South Carolina. The party will consist of the Rev. J. M.
Bacon, Miss Bacon, and Mr. and Mrs. Maskelyne. The
two latter observers will expose a telescopic kinemato-
graph on the corona during totality, and also an ordinary
kinematograph on the landscape during and after totality,

in the hope of recording the sweep of the moon's
shadow. The Rev. J. M. Bacon, using a telescopic

iiiiera, will photograph the corona at definite times
th respect to mid-totality, for determining the posi-

iiuns of sun and moon, and will expose a long film,

continuously driven, to the zenith before, during and
after totality, for recording the relative brightness of the
«ky during and without eclipse. By means of a kite,

he will also c-ompare the temperature of the air at an
altitude of several hundred feet and at ground-level.
Miss Bacon will attempt to photograph the outer corona
and extensions, and also a series of landscape photo-
:graphs showing the gradual diminution of illumination.

Special attention will also be devoted to the "shadow
bands," and to making standard photographic compari-
sons of the light of the corona with that of the full

moon.
Prof. Burckhalter, of the Charbo Observatory, will

]jhotograph the corona by means of a camera provided
with revolving screens, so adjusted as to give varying
exposures for the different regions.

As the eclipse will occur at the American stations at
times from ih. 30m. to ih. 50m., we in England will be
able to hear of the results obtained there before the
observers in Spain have commenced operations.

After leaving the American coast, the moon's shadow
crosses the Atlantic in a westerly direction, and reaches
the coast of Portugal, near Ovar, about 4.0 p.m. Thence
it rapidly passes across the peninsula, leaving the main-
land some little distance south of Alicante, and crossing
the Mediterranean to Algiers. Most of the European
expeditions will have stations along this line, chiefly at
Ovar, Santa Pola and Algiers. Taking the stations in

the order suggested by the progress of the eclipse, the
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distribution of the various parties and their plan of
operations will be as follows :

—

Ovar.—At this place, some twenty miles south of

Oporto, and five miles from the coast, will be stationed

one of the three official expeditions sent out by the
British Government, the observers being the Astronomer
Royal and Mr. Dyson, his chief assistant. The former
has arranged to take large scale photographs of the

corona with the 9-inch object-glass of the Thomson
photoheliograph at Greenwich, the primary image being
enlarged by a concave secondary magnifier to a scale of

about 4 inches to the sun's diameter, on plates 15x15
inches ; and also photographs with the double camera
used in previous eclipses, having a 4-inch rapid rectilinear

lens of 33 inches focus, and another of 13 inches focus, for

recording the extensions of the coronal streamers.

Mr. Dyson's programme is purely spectroscopic. He
will have two slit spectroscopes belonging to Captain
Hills, and will endeavour to obtain photographs of the

spectrum of the "flash" and of the corona.
Prof Miiller, of Potsdam, will from this station de-

termine the albedo of Mercury from direct photometric
comparisons with Venus, which will then be near its

greatest brilliancy.

Santa Pola.—The second British official expedition
will be stationed here, some distance south of the town
of Alicante, on the east coast of Spain. The party
will be under the direction of Sir Norman Lockyer,
who will be primarily assisted by Mr. A. Fowler, Dr.
W. J. S. Lockyer and Mr. H. Payn. On their arrival at

Gibraltar, they will be taken on board H.M.S. Theseus.,

of the Mediterranean squadron, which will then convey
them to their destination. As at Viziadrug in 1898, and
Norway in 1896, volunteers will be selected from the
ship's company, and parties detailed out for every
character of observation it is possible to make during a
total solar eclipse ; and in the interval between their land-

ing and the final day, besides the erecting and adjusting
of the instruments, the principal observers will have
their time fully occupied in giving lectures, practical

demonstrations, and rehearsals to the host of volunteers
who will undoubtedly offer themselves.

Sir Norman Lockyer will make visual observations
with a 4-inch Cooke photo-visual telescope equatorially

mounted, and will give the signals for the whole of the
remaining human and mechanical machinery to be set

in motion. The following are the chief sections of the
observers :

—

20-foot Prismatic Camera.—This will be manipulated
by Mr. Fowler, and consists of a Cooke photo-visual

triplet lens, of 6 inches aperture and 20 feet 3 inches

focal length. Outside this will be placed the objective

prism, of 9 inches aperture and 45^ angle, which was
used at Viziadrug in 1898. The instrument will be fixed

horizontally, and fed with light from a 12-inch siderostat.

It is proposed to obtain instantaneous photographs of
the chromospheric spectrum at both internal contacts,

and long-exposure photographs of corona spectrum during
totality. It is hoped that the greatly increased disper-

sion given by this instrument will increase the contrast

between the line and continuous spectra of the corona,

and so render more accurate measurements of wave-
length possible. The plates used will be 15x2! inches.

b-inc/i Prismatic Camera.—This is the same instru-

ment which was used with success by Mr. Fowler in

1898, and will be under the charge of Dr. Lockyer. It

consists of a 6-inch object-glass by Henry, of 7 ft. 6 in.

focus, outside which are adjusted two objective prisms,

each of 6 inches aperture and 45"^ angle. The programme
with this instrument is similar to that of the 20-foot.

Coronograp/is.—^t\&xa.\ coronographs of varying power
are being taken, the largest being under the charge of
Mr. Howard Payn, a gentleman who has generously
volunteered his services for the expedition. This instru-
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ment has a Cooke photo-visual lens of 4 inches aperture

and 16 feet focal length, the primary image being used
on plates 12 x 12 inches.

In addition, the De la Rue coronograph (4f inches

aperture and 72 inches focal length), Graham coronograph

(3 inches aperture, 21 inches focal length), and Dallmeyer
coronograph (6-inch aperture rapid rectilinear, 48 inches
focal length) will be used. Parties of the volunteers will be
engaged in one or other of the following observations :

—

Disc drawings of corona ... about 19 volunteers.

Observations of ring spectra 5 ,,

Observations with pocket slit

spectroscopes... ... ... ,, 4 ,,

Observationsof shadow bands... ,, 6 ,,

Observations of stars and
other celestial objects visible

during totality ... ... ,, 20 ,,

Shadow phenomena, both
atmospheric and terrestrial ... „ 6 ,,

Colours of landscape, &c. ... ,, 12 ,,

Meteorology, temperature,
pressure, &c. ... ... ... ,, 15 ,,

Photographs of landscape ... ,, 5 ,,

Natural history effects on men
and animals ... ... ... ,, 3 ,,

In addition to these instruments, several of the ob-
servers will obtain photographs of the eclipse spectra by
means of diffraction gratings and prisms fixed in front of

their own small cameras. Those with gratings are likely

to be specially useful, as the dispersion is sufficiently

great to render it possible for the bright line spectra to

show up from the continuous spectrum, and there is the
further advantage of the large field given by an ordinary
rectilinear, so that the spectrum of the streamers may
also be obtained.

Prof. Copeland, Astronomer Royal of Scotland, will

also occupy a station at Santa Pola, using a telescope of

40 feet focus.

The British Astronomical Association and the French
Astronomical Society will each send parties to both
Alicante and Algiers. As, however, the former place
is so well occupied by Sir Norman Lockyer's party, the
third official party from the British Government will

occupy a station at Algiers, and will consist of Prof.

Turner, Mr. Newall, Mr. Evershed and Mr. Wesley.
Prof. Turner will photograph the corona with one of

the double cameras used in previous eclipses, one of
which is arranged to polarise the coronal light before it

reaches the photographic plate, and thereby determine
the extent to which this light is initially polarised. In
addition, he also hopes to repeat his work of 1893 and
1898 for determining photometrically the relative bright-
ness of the corona at varying distances from the limb.

Mr. Newall will have three instruments under his

charge, viz. :—(i) A four-prism slit spectrograph for ob-
taining the spectrum of the "flash," and of the corona.
In the latter he hopes to obtain material for showing the
difference, if any, between the spectrum of the coronal
rays and the other portions. (2) An objective grating
camera for photographing the spectrum of the corona
in monochromatic light. (3) A polariscopic camera for

photographing the corona, special attention being de-
voted to the study of any differences between the darker
and brighter rifts.

Mr. Wesley, the assistant secretary of the Royal
Astronomical Society, has for many years critically

studied the minute structure of the corona, he being the
draughtsman who has engraved the reproductions of
many of the corona photographs of past eclipses for

publication, but has not hitherto had an opportunity of
studying it from nature. By the kindness of M. Tre'pied,
the Director of "the French Governinent Observatory at

Algiers, Mr. Wesley will be enabled to examine the
corona with the powerful "equatorial coude" (about
8 inches aperture).
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Mr. Evershed will not be stationed at Algiers itself,

but intends to observe from a place near the limiting
line of totality, about twenty miles south of Algiers, so
that he may photograph the " flash " spectrum with
somewhat longer exposure than near the central line.

Mr. and Mrs. Maunder will repeat at Algiers their

programme so successfully carried out at Buxar, India,

in 1898, but with larger apparatus. This will include
short exposure photographs of the inner corona, and
others with long exposure for extensions and streamers.

Mr. and Mrs. Crommelin will go to Algiers, and take
photographs of the corona and of the shadow as projected
on the atmosphere.

It is alsostated that Mr. Percival Lowell, of Arizona,
and Prof. Todd, of Amherst College Observatory, U.S.A.,
will occupy stations near Tripoli, in North Africa. It is

to be hoped that favourable weather will enable the latter

astronomer to successfully use his electrical control, by
means of which he has arranged that a great number of
photographic cameras shall be automatically exposed for

varying times, all of which are operated from one re-

volving drum with delicately fitted electrical contacts.

The eclipse occurs at the European stations about
4.0 p.m. Greenwich time, so that it may be possible to

communicate the results of the various expeditions to

the evening papers of the same day.

Mention should be made of the generous arrange-
ments which have been made by the authorities of all

the Governments concerned, whereby the usual customs
tariff and examination will be dispensed with, provided
the observer is furnished with a certificate showing that

his baggage is really for eclipse observation. The rail-

way companies in Spain have also consented to convey
passengers at half the usual fares.

Charles P. Butler.

THE ROYAL SOCIETY SELECTED
CANDIDA TES.

FIFTEEN candidates were selected by the Council of

the Royal Society on Thursday last for election

into the Society. The following are the names and
qualifications of the new Fellows :

—

George James Burch,

M.A. (Oxon). Lecturer at the University Extension College,
Reading. Author of the following papers :— (i) " Experiments
on Flame" (Nature, 1885-86); (2) "A Perspective Micro-
scope" {Proc. Roy. Soc, vol. xiii. ) ; (3) "Researches on the

Capillary Electrometer" {Proc. Roy. Soc, vol. xlviii., ibid.,

vol. lix., Phil. Trans., vol. clxxxiii(A)., The Electrician, July,

1896). "On a Method of drawing Hyperbolas" {Phil. Mag.,
Jan., 1896). Also joint author of the following papers : — (i)

"Dissociation of Amine Vapours" (with Mr. J. E. Marsh)
(/oiirn. Chetn. Soc, 1889) ; (2) " E. M.F. of certain cells contain-

ing Nitric Acid" (with Mr. V. H. Veley) {Phil. Trans), vol.

clxxxii(A).
; (3) "Effect of Injury in Muscle" (with Prof.

Burdon-Sanderson) {Proc. Physiol. Soc, 1893) 5 (4) "Action
of Concentrated Acids on Metals in contact" (with Mr. S. W.
Dodgson) (/'wf. Chein. Soc, 1894); (5) " D'Arsonval Physical

Theory" (with Mr. L. E. Hill) {fourn. Physiol, 1894); (6)

"The Electromotive Properties of Malapterwus elcclriciis'"

(with Prof. Gotch) {Phil. Trans., 1896).

Supplementary Certificate.

Author of the following scientific papers in addition to those

stated in the first certificate:
—"On Prof. Hermann's

Theory of the Capillary Electrometer " {Proc Roy. Soc, vol. Ix.,

p. 328); "The Tangent Lens-gauge" {Phil. Mag., 1897,

p. 256) ; "An Inductor-Alternator for Physiological Experi-

ments " {fotirn. of Physiology, vol. xxi., 1897 ; "An Account
of Certain Phenomena of Colour Vision with Intermittent

Light" {ibid.) ;
" Artificial Colour Blindness, with an Examina-

tion of the Colour-Sensations of 109 Persons" {Phil. Trans.,

vol. clxli., 1899) ; joint author with Prof. Gotch, F.R.S., of the

following scientific papers :
—"The Electrical Response of
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Nerve to a Single Stimulus as investigated by the Capillary
Electrometer" ^Proc. Roy. Soc, vol. Ixiii., 1898, p. 3CX))

;

"The Electrical Response of Nerve to Two Stimuli " (/ourn.

of Physiol., \o\. xxvi., 1899); "The Electromotive Force of
the Organ Shock, &c., in Malapterurus eUctricus'' (Proc. Hoy.
Soc, vol. Ixv., p. 434, 1900).

T. W. Edgevvorth D.wid,

B.A- (Oxon. ), F.G.S. Professor of Geology in the University
of Sydney, N.S.W. Formerly Senior Geologist to the Geo-
logical Survey of New South Wales, and author of many reports

and maps issued by the Survey. Has published many papers
dealing with Glacial action in recent, as well as ancient,

geological periods ; among others:—"Evidences of Glacial

Action in S. Brecknock and E. Glamorgan" (Quart. Jourtt.
Geol. Soc, vol. xxxix., pp. 39-58, 1882); " On Evidences of
(ilacial Action in the Carboniferous and Hawkesbury Series,

V.S.W." (ibid., vol. xliii., pp. 190-197, 1887); " On Glacial

Action in Australia in Permo-Carboniferous Times " {ibid., vol.

Hi., pp. 289-302, 1896) ; also many papers and addres.ses

dealing with Petrology, Vulcanology, and Stratigraphical

Geology in the Southern Hemisphere, published in \\\e. Journals
of the Royal, Linnean, and the Societies of New South Wales.
Has superintenned and conducted to a successful issue the work
of boring the Coral Atoll of Funafuti, undertaken by the Royal
Society and the Geographical Society of New South Wales,
with the assistance of the Admiralty.

John Bretland F.\r\ier,

M.A. (Oxon.), F.L.S. Professor of Botany, Royal College of
Science, London. Formerly Fellow of Magdalen College,
Oxford. Distinguished for his Botanical and Biological re-

searches. Author of the following papers:—"On the De-
velopment of the Endocarp in Satnlucjis nigra" (Ann. of Bot.,
vol. ii.) ; Contribution to the " Morphology and Physiology of
Pulpy Fruits" (ibid.,\o\. iii.) ; "The Stomata in the Fruit of
/ris Pseudacorus" (ibid., vol. iv. ) ; "On Isoetes lacustris"
(tbid., vol. V.) ;

" On Abnormal Flowers in Oncidium splendi-

du/n" (ibid., vol. vi.); "On the Occurrence of two Prothallia

in an Ovule of Pinus silveslris " (ibid. ) ;
" On the Embryogeny

o{ Angiopteris evecta" (ibid.); "On Nuclear Division in the
Pollen-mother-cells of Liliutii viartagon" (ibid. , \\\.) ; "On
the Relations of the Nucleus to Spore-formation in certain
Liverworts" (Proc. Roy. Soc, vol. liv.) ; "Studies in Hepa-
ticx" (Ann. of Bot., vol. viii.); "On Spore-formation and
Nuclear Division in the Hepaticte " (ibid., vol. ix.) ; "Further
Investigations on Spore-formation \n Fegatella conica" (ibid.);
" Respiration and Assimilation in Cells containing Chlorophyll"
(ibid., vol. X.); " Ueber Kerntheilung in Lilium " ("Flora,"
1895); " On the Structure of a Hybrid Fern " (Ann. of Bot.,
vol. xi.). Joint Author of :—with J. Reeves, "On the Occur-
rence of Centrospheres in Pe//ia epip/iy//a" (ibid., vol. viii.)

;

with J. H. Williams, " On Fertilisation and the Segmentation
of the Spore of Fucus " (Proc Roy. Soc, vol. Ix.) ; with T.
Waller, " Observations on the Action of Anaesthetics on Vege-
table and Animal Protoplasm" (ibid., vol. Ixiii.); with J.
Brentland, "-Contributions to our Knowledge of the Fucaceee,
their Life-History and Cytology" (P/iit. Trans,, vol. cxc).

Leonard Hill,

M.B. Lecturer on Physiology, London Hospital Medical
College. Distinguished as a Physiologist. Author of the
following works :

— " On Poisoning by Phosphorus " (Lancet,

1890) ;
" On Intracranial Pressure" (Roy. Soc. Proc, vol. Iv.)

;

"On Effects of Compression of the Common Carotid Artery"
(with Moore) (Brit. Med. Journ., 1894); "On Formation of
Heat in the Salivary Glands" (with Bayliss) (y^«;^«. of Phys.,
vol. xvi. ) ;

" On D'Arsonval's Physical Theory of the Negative
\ariation " (with Birch) («(^/(/.) ; "On a Simple Form of Gas
Pump" (ibid., xvii.) ; "Exchange of Blood-Gases" (with
Nabarro) (ibid.) ;

" On Exchange of Blood-Gases'in Brain and
-Muscle" (/3/Vf., xviii.) ; "On the Influence of Gravity on the
Circulation" (ibid.) ; "On Intra-Cranial Pressure and the Cir-

culation" (with Bayliss) (ibid.) ; "The Physiology and Pathology
of the Cerebral Circulation," Hunterian Lectures, Churchill,

1896; "On Nervous Pressure and the Pulse " (with Barnard
and Sequeira) (yc?/r«. Physiol., xxi.); "Influence of Gravity
on the Circulation " (with Barnard) (ibid.) ;

" The Causation of
Chloroform Syncope" (Brit. Med. Journ., 1897) ; "A Simple
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Form of Sphygmometer" (ibid.); "On Arterial Pressure in

Man" (Journ. Phys., xxii.) ; "On Rest, Sleep and Work on
Arterial Pressure" (Lancet, 1898); "On Syncope and the

Influence of Posture on Rabbits" (Jouin. Phys., xxii.) ; "On
the EfTects of Cerebral Ansemia produced by Ligation of the
Cerebral Arteries" (with Mott) (ibid., 1898); "On Human
Cerebro-Spinal Fluid" (Proc Roy. Soc, 1898). In the press:

—

"Mechanism of the Circulation" (Schafer, "Text-Book of
Phys."); "Cerebral Circulation" (Allbutt's "System of
Medicine").

John Horne,
F.G.S., F.R.S.E. One of the Senior Geologists on the Staff

of the Geological Survey of Scotland. Has been engaged for

more than thirty years in the Geological Survey. From 1868 to

1876 he personally studied and mapped large areas of the
Silurian uplands of Scotland. From 1876 to 1883 he surveyed
extensive tracts in the counties of Nairn, Inverness, Banff and
Aberdeen. From 1884 till the present time he has taken an
important share in the investigation and mapping of the compli-
cated geology of the North-West Highlands. In addition to

these official researches he has devoted his intervals of holiday
to original exploration, and has made important contributions to

our knowledge of the glacial and volcanic geology of the
Orkney and Shetland Isles. Among his papers are the follow-

ing :
—" A Sketch of the Geology of the Isle of Man," and the

" Post-Pliocene Formation of the Isle of Man " (Edin. Geol.

Soc. Trans., ii., 1 174, pp. 323, 329); "The Geology of the
Island of Unst " (Edin. Phys. Soc Proc, iv., 1878, p. 274);
" The Volcanic History of the Old Red Sandstone Period North
of the Grampians" (Glas. Geol. Soc Trans., vii., 1881, p. 77).
Most of his investigations have been worked out in conjunction
with Mr. B. N. Peach, F. R.S., but the results have been
arranged and described by Mr Ilorne. Some of this conjoint
work has been of the highest value, both in regard to British

geology and to the theoretical treatment of the science. Special
reference may be made to the " Report on the Recent Work of
the Geological Survey in the North-West Highlands of Scot-
land " (Quart, /ourn. Geol. Soc, xliv. , 1888, p. 378), in which
the detailed structure of one of the most intricate geological

regions in Europe was worked out and illustrated ; to a paper
on " The Olenellus-Zone in the North-West Highlands" (ibid.,

xlviii., 1892, p. 227), which demonstrated the existence and
stratigraphical relations of Lower Cambrian Rocks in Scotland ;

and to the large volume recently published by the Geographical
Survey, on " The Silurian Rocks of Scotland "

(p. 749), which
gives t-he detailed results of a prolonged and laborious investiga-

tion by Messrs. Peach and Horne of the whole Silurian region

of southern Scotland. In 1888 was awarded the WoUaston
Fund by the Geological Society, and in 1899 received from the

same Society, in association with his friend and colleague, Mr.
Peach, a duplicate Murchison medal. Received, in 1893, ^^^

Neill medal from the Royal Society of Edinburgh, in recognition

of the value of his contributions to Geology.

Joseph Jackson Lister,

M.A., F.Z.S. Demonstrator of Comparative Anatomy in the

University of Cambridge. Distinguished as a Zoologist. Was
NaturaUst on board H.M.S. Egeria in two cruises, one to

Christmas Island (Indian Ocean), the fauna of which he was
the first to investigate, and another in the Pacific among the

Tonga, Union and Phoenix Islands, during which he made him-

self well acquainted with the fauna of those islands, and of the

Seychelles. His researches on the Foraminifera have thrown
important light on the life-history and reproduction of that

group. Author of the following papers:—"On the Natural

History of Christmas Island in the Indian Ocean " (Proc Zool.

Soc, 1888, p. 512) ; "On some Points in the Natural History

of Fungia" (Quart. Journ. Micros. Soc, vol. xxix., p. 359) ;

" A Visit to the Newly-Emerged Falcon Island, Tonga Group,
S. Pacific " (Proc. Roy. Geograph. Soc, March 1890) ;

" Notes
on the Birds of the Phoenix Islands, Pacific Ocean " (Proc. Zool.

Soc, i89i,p. 289); " Notes on the Natives of Fakaofu (Bow-
ditch Island), Union Group" (Journ. Anthrop. Inst., 1891,

p. 43) ; "Notes on the Geology of the Tonga Lsland" (Quart.

Journ. Geol. Soc, vol. xlvii., p. 590); "Contributions to the

Life-History of the Foraminifera " (.\bstract, /V<?f. Roy. Soc,
vol. Ivi., p. 155. Full paper, Phil Trans., vol. clxxxvi.,

1895B, p. 401); "A Possible Explanation of the Quinque-
loculine Arrangement of the Chambers in the Young of the
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Microspheric Forms of Triloculina and Biloculina " {Proc.

Camh. Phil. Soc, vol. ix., pt. v.) ; with J. J. Fletcher, "On
the Condition of the Median Portion of the Vaginal Apparatus

in the Macropodidae'^ {Proc. Zool. Soc, vol. Ixiii., 1881, p. 976).

Supplementary Certificate.

Author of *'Astroc/era W?7/iya«a, the representative of a New
Family of recent Sponges," in the Zoological Results of Dr.

Willey's Expedition, 1899.

James Gordon MacGregor,
D.Sc. (Lond.), 1876. M A. (Dalh.) Professor of Physics, Dal-

housie College, Halifax, N.S. Well known for his long continued

Researches on Electrolytic Conductivity, on Solutions, on Re-
sistance of Metals, and on Thermo-electricity. Author of

numerous Memoirs contributed to the Royal Society of Edin-
burgh, the Royal Society of Canada, the Physical Society, and
the British Association, including the following :

—" Note on the

Electrical Conductivity of SaUne Solutions "( Aw. Koy. Soc,
Edin., 1875); "On the Electrical Conductivity of Stretched

Silver Wires" (Hid., 1878); "On the \'ariation with Temper-
ature of the Electrical Resistance of certain Alloys "

(
Trans.

Roy. Soc, Edin., 1880); "On the Measurement of the Re-
sistance of Electrolytes by means of Wheatstone's Bridge"
(Trans. Roy. Soc, Canada, 1882); "On some Experiments
showing that the Electromotive Force of Polarisation is inde-

pendent of the difference of Potential of the Electrodes " {ibid.,

1883) ;
" On a Test of Ewing and MacGregor's Method of

Measuring the Electiical Resistances of Electrolytes" [ibid.,

1890, with Prof. Ewing) ;
" Note on the Volumes of Solutions"

\Brit. Assoc. Report, 1877, with Dr. Knott) ; "On the Thermo-
electric Properties of Charcoal and certain Alloys, with a Sup-
plementary Thermoelectric Diagram" {Edin. Trans., 1879,
with Dr. Knott and Prof. Michie Smith) ;

" The Thermo-
electric Properties of Cobalt" (1876, Proc. Roy. Soc, Edin.,

1878) ; "On the Absorption of Low Radiant Heat by Gaseous
Bodies" (/^/V/., 1882-83); " On the Resistance to the Passage
of the Electric Current between Amalgamated Zinc Electrodes
and Solutions of Zinc Sulphate "

(
Trans. Noz'. Scot. Inst. Nat.

Set., 1^83); "On the Density and the Thermal Expansion of
Solutions of Sulphate of Copper" {Trans. Roy. Soc, Canada,
1884); " On the Relative Bulk of certain Aqueous Solutions
and their Constituent Water" {Trans. Nov. Scot. Inst. Nat.
Sci., 1886); "A Table of Cubicle Expansions" {Tra7is. Roy.
6"^^., Canada, 1888); "On the Variation of the Density with
the Concentration of Weak Aqueous Solutions of certain Salts

"

(ibid., 1889, vol. ix., 1891) ; "On the Calculation of the Con-
ductivity of Electrolytes" (?(^?rf., 1896); "On the Relation of

the Physical Properties of Aqueous Solutions to their State of

lonisation" {P/ii/. Mag., 1897); "On the Hypothesis of Ab-
stract Dynamics and the question of the number of Elastic Con-
stants " {ibid., 1896, with Mr. E. A. Archibald) ;

" On Calcu-
lation of Conductivities of Electrolytes " {/bid., February 1898).
Author of "An Elementary Treatise on Kinematics and
Dynamics" (1887).

Patrick Manson,
C.M.G., M.D. (Aberd.). F.R.C.P. (Lond.). LL.D. (Aberd.).
Physician and Medical Adviser to the Colonial Office. Lecturer
on Tropical Medicine, St. George's Hospital, Charing Cross
Hospital and London School of Tropical Medicine. Dis-
tinguished as a Physician and Parasitologist. Discoverer of
Filarial Periodicity of the ro/e of the Mosquito in Filarial Meta-
morphosis ; of Filarial Ecdysis ; and of many other points in

-connection with the life-history of the Filaria noclurna. Dis-
coverer of three other blood-worms of man, viz. Filaria ditima,
Filaria perstans and Filaria Demarquaii. Discoverer of the
disease known as Endemic haemoptysis and of its Parasitic cause.

Discoverer of Boihriocephalus Mansoni and of many points in

connection with human and animal helminthology. Was the
first to describe accurately and to name Finea imbricata, and to

prove experimentally its dependence on a vegetable parasite.

Was the first to point out the significance of the flagellated body
-as the initial stage of the extra-corporeal cycle of the malaria
parasite, and to enunciate the hypothesis that the mosquito was
the host of the parasite at this stage, and therefore an active
•agent in diffusing malaria, an hypothesis since proved by Major
Ross to be correct. Author of a work on Filaria sanguinis
hominis and some Parasitic Diseases of Warm Climates, 1883 ;

•of " Tropical Diseases," 1898 ; of the Goulstonian Lectures on
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the Life-History of the Malaria Parasite Outside the Human
Body, 1896 ; of Papers on the Metamorphosis of Filaria
sanguinis hominis in the Mosquito {Trans. Linn. Soc, 1883) ;

"On the Nature and Significance of the Flagellated Body in

Malarial Blood" {Brit. Med. [ourn., 1894); and of many
other papers on the subjects mentioned above and allied

matters.

Thomas Muir,

LL.D., M.A., F.R.S.E. Superintendent-General of Education
in the Cape Colony. Distinguished as a Mathematician and
Educationist. Author of "A History of Determinants," and
fifty-eight original mathematical papers, including "Continu-
ants: a New Special Class of Determinants" {Proc. Roy. Soc
Edin., 1875) ; -"On the Transformation of Gauss' Hypergeo-
metric Series into a Continued Fraction" {Lond. Math. Soc,
1876); "New General Formula for the Transformation of
Infinite Series into Continued Fractions" {Trans. Roy. Soc
Edin., 1876); "On Eisenstein's Continued Fractions" (z'3/(/.,

1879)) "On a Systematic Determinant connected with
Lagrange's Interpolation Problem" {L.ond. Math. Soc. Proc,
1 88 1 -2) ;

" On New and Recently Discovered Properties of
certain Symmetric Determinants" {Quart. Jou7n. Math.,
1882) ;

" On the Phenomena of ' Greatest Middle ' in the Cycle
of a Class of Periodic Continued Fractions" {Proc. Roy. Soc
Edin., 1884) ;

" The Theory of Determinants in the Historical

Order of its Development" {ibid., vol. xiii.-xvi.) ;
" On Some

Hitherto Unproved Theorems in Determinants" {ibid., 1891)

;

"A Problem of Sylvester's in Elimination "
(«/^/(/., vol. xx.) ;

" New Relations between Bipartite Functions and Determin-
ants, with a Proof of Cayley's Theorem in Matrices" {Lond.
Math. Soc. Proc, vol. xvi. ). Has rendered services of the

highest importance to education in the Cape Colony, and in his

capacities of trustee of the South African Museum and member
of the Geological Commission has greatly promoted original

scientific research in South Africa.

Arthur Alcock Rambaut,
M.A., Sc.D. (Dublin). Radcliffe Observer. Late Royal
Astronomer of Ireland. Late Andrews Professor of Astro-

nomy in the University of Dublin. Author of the following

researches in Astronomy and Physics :—Catalogue of the Mean
Places of loi 2 Southern Stars " ("Astronomical Observations

and Researches of Dunsink," part vi.) ; "Catalogue of the

Mean Places of 717 Stars" (part vii., ibid.); "On the Deter-

mination of Double Star Orbits from Spectroscopic Observa-
tions of the Velocity in the Line of Sight " {Monthly Notices,

Roy. Astron. Soc, vol. li., No. 5) ; "To Adjust the Polar Axis
of an Equatorial Telescope for Photographic Purposes " {ibid.,

liv.. No. 2) ;
" On the Inequality in the Apparent Diurnal

Movement of Stars due to Refraction, and a Method of Allowing
for it in Astronomical Photography" {tbid., vol. Ivii., No. 2) ;

" On a Geometrical Method of Finding the most Probable
Apparent Orbit of a Double Star" {Proc RoyI. Duhl. Soc, vol.

vii., part 2); " On the Distortion of Photographic Star Images
due to Refraction " {ibid., vol. viii., part 2) ; "On the Rotation

Period of the 'Garnet' Spot on Jupiter " {ibid., vol. viii., part

5); "On the Relative Positions of 223 Stars in the Cluster

X Persei, as Determined Photographically " (in conjunction with

Sir R. Ball) {Trans. Roy. Lrish Acad., vol. xxx., part 4) ; 'f On
the Possibility of Determining the Distance of a Double Star by
means of the Relative Velocity of the Components in the Line of

Sight" {ibid., 2nd series, vol. iv.. No. 6) ;
" The Absorption of

Heat in the Solar Atmosphere " (in conjunction with W. E.

Wilson) {ibid., 3rd series, vol. iii., No. 4).

William James Sell,

M.A. Senior Demonstrator of Chemistry, University of Cam-
bridge. Author of the following papers :

— " Volumetric Deter-

mination of Chromium "( ZV-awj. Chetn. Soc, 1879); "On a

Series of Salts of a Base containing Chromium and Urea,"
Nos. I and 2 {Proc Roy. Soc, 1882 and 1889); " Anhydro-
Derivatives of Citric and Aconitic Acids" {Trans. Chein. Soc,

1892) ; " Salts of a new Platinum Sulphurea Base " {Brit. Assoc.

Rept., 1893) ;
" Studies on Citrazinic Acid," Pts. I.-V. {Trans.

Chem. Soc, 1893-1897) ; "Note on the Action of Chlorine on
Pyridine "( 7>a«x. Chem. Soc, 1898); " The Chlorine Deriva-

tives of Pyridine," Pts. I. -II. {zbid., 1898); " Interaction of

Ammonia and Pentachlorpyridine " {ibid.); "Constitution of

Glutazine " {ibid.).
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W. Baldwin Spencer,

B.A. (Oxon.), M.A. (Melbourne). Professor of Biology in the

Melbourne University ; formerly Fellow of Lincoln College,

Oxford ; Hon. Sec of the Royal Society of Victoria ; Corr.

Member Zool. Soc, Lond. Distinguished as an original

investigator in Zoology and Comparative Anatomy ; and as a

teacher and organiser. Graduated at Oxford twelve years ago.

Has published more than thirty memoirs, among which are :—
"On a New Family of Hydroidea Ceratellidis " {Trans. Roy.

Soc. Vict., 1890); "The Anatomy of Megascolides Australis"

and other papers on Australian Earthworms and Pianarians

(ibid.); " On New Crustacea and New Mammals," in Report

of the Horn Expedition to Central Australia (which he

organised) ; "On the Pineal Eye in Lacertilia " (Quart. Jotirn.

Micro. Sci., 1887) ; "On the Habits, Blood-vessels and Lungs

of Ceralodus FosterV ;
" On a New Genus of Marsupials from

Central Australia" (/V<7f. Roy. .Soc. Vict., vol. ix.) ; "On the

Cranial Nerves of Scyllium "
(
Quart. Jonrn. Micros. Sci. , 1881 ) ;

" On the Early Development of Rana temporaria {ibid., 1885)

;

"The Fauna and Zoological Relationships of Tasmania"
(Presidential Address to Sect. D., Austr. Assoc. Adv. Sci.,

1892).

J.AMES Walker,

D.Sc. (Edin.), Ph.D., Leipzig. Professor of Chemistry, Uni-

versity College, Dundee. An active and successful worker in

chemistry, especially physical and organic. Author of numerous
papers, of which the following areamonjr the most important :

—

" Zur Affinilatsbestimmung Organischer Basen " {Zeit. Phydkal.
Chem., iv.. p. 319, 1889) ;

" Ueber Liisliskkeit und .Schmelz-

WAxmt.'''' {ibid., v., 193, 189c); "The Dissociation Constants

of Organic Acids" {Jotirn. Chem. Soc, Ixi., p. 696, 1892);
"The Methyl Salts of Camphoric Acid" {ibid., Ixi., p. 1088,

1892) ;
" The Electrolysis of Sodium Ethyl Camphorate {ibid.,

Ixiii., p. 495, 1893); "The Boiling Points of Homologous
Compounds" (ibid., part i., Ixv., p. 193, 1894; part ii., Ixv.,

p. 725, 1894) ;
" Hydrolysis in some Aqueous Solutions " (/"r^jf.

Roy. Soc. Edin., vol. xx., p. 255, 1894). Along with Prof.

Crum Brown, "Electrolytic Synthesis of Dibasic Acids"
(parts i. and ii. Trans. Roy. Soc. Edin., vol. xxxvi., p. 21 1,

1 89 1, and vol. xxxvii., p. 361, 1893). Along with J. Hender-
son, " Electrolysis of Potassium Alio- Camphorate " (parts i. and
ii. Jotirn. Chem. Soc, vol. Ixviii.. p. 337, 1895 ; vol. Ixix.,

p. 748, 1896). Along with F. L Hambly, "Transformation
of Cyanate into Urea" {Jotirn. Chem. Soc, vol. Ixvii., p. 746,

1895). Along with J. R. Appleyard, "Transformation of

Methylammonium Cyanates into the Corresponding Ureas"
[Journ. Chem. Soc, vol. Ixix., p. 193, 1896).

Philip Watts,

Naval Architect and Director of the War-Shipbuilding Depart-
ment of Sir W. G. Armstrong, Whitworth and Co. Distinguished
for his knowledge of the science and practice of Naval Archi-
tecture. Responsible designer of a considerable number of the
swiftest and most powerful war-ships. Has done much original

scientific and experimental work in connection with investigations

of the stability of ships and floating bodies ; the oscillations of
ships in still water and amongst waves ; the propulsion and
mancEUvring powers of ships. Was appointed by the Admiralty
and acted for some years as assistant to the late Mr. W. Froude,
F.R.S. , on the analytical and experimental work carried on by
ihat investigator. In that capacity he took part in the device
and application of the process of " graphic integration " by
which the oscillations of ships can be approximately determined
under assumed conditions of wave motion, including the effect

of fluid resistance. Has independently proposed a method of
reducing the rolling of ships at sea, by the introduction of free

water into a suitably formed chamber. This plan was adopted
by the Admiralty for several important ships, after mathematical
and experimental demonstration of its efiiciency . Was entrusted
with the experimental investigation of the turning powers of
H.M.S. Thunderer maAe in connection with the work of the
Inflexible Committee. Devised and applied methods for de-
termining exactly the path traversed by the C.G. of the ship,
the rate of acquisition of angular velocity, the angle of heel and
other phenomena incidental to turning under the action of the
rudder. This investigation led to subsequent modifications in
the under-water form of ships, tending to increase their handi-
ness. Is author of the following papers printed in the Trans-
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actions of the Institution of Naval Architects :—" On a Method
of Reducing the Rolling of Ships at Sea " (1883) ; "The Use
of Water Chambers for Reducing the Rolling of Ships at Sea"
(1885) ; "The Italian Cruiser /'/Vw^w/^" (1889); "The Steering
Qualities of the Yashima'"' (1898); " Elswick Cruisers Built

during the last Ten Years" (1899).

Charles Thomson Rees Wilson,
M.A. (Cantab.), B.Sc. (Vict.). At present engaged in Investi-

gations on Atmospheric Electricity on behalf of the Meteoro-
logical Council. Author of the following papers:—"On the
Formation of Cloud in the absence of Dust" {Cain. Phil. Soc.

Froc, vol. viii., p. 306) ; "The effect of Rontgen's Rays od
Cloudy Condensation" {Roy. Soc. Proc, vol. lix., p. 338);
" Condensation of Water Vapours in the Presence of Dust-
free Air and other Gases" {Phil. Trans.., A., (1897), pp.
265-307) ;

" On the Action 0/ Uranium Rays on the Conden.sa-
tion of Water Vapour " (Cainb. Phil. Soc. Proc, vo\. ix., pp,
333-338); "On the Production of a Cloud by the Action of
Ultra-\'iolet Light on Moist Air" {ibid., vol. ix., p. 392);;
"Condensation Nuclei produced in Gases by the Action of
Rontgen Rays, Uranium Rays, Ultra-Violet Light and other
Agents" (Phil. Trans., A., 192, pp. 403-453); "Compara-
tive Efficiency as Condensation Nuclei of positively and nega-
tively charged Ions " {ibid., A., 193, pp. 289-308):

LIEUT.-GENERAL PITT-RIVERS, F.R.S.

"DY the death of Lieut.-General Augustus Henry Lane-
-'-' Fox Pitt-Rivers, F.R.S., on May 4, anthropology
has lost one of her most prominent and enthusiastic
students, and one whose place it will be impossible
to fill.

Augustus Henry Lane-Fox was born in 1,897. He
served with distinction in the Crimea, at AliTia and
Sevastopol, being during that campaign an officer in the
Grenadier Guards, and on the staff. <AsLieu{.-ColoneI
Lane-Fox he was the earliest and principal associate of
Colonel, afterwards Lieut.-General, Hay, the first Com-
mandant and Inspector-General of Musketry, and about

1855 he wrote and delivered the series of lectures which
then, and since, formed a principal part of the Hythe cur-

riculum. He had thus the honour and distinction of
being prominently associated \»ith the^ inauguration of
one of the most important reforms in our military system.
He had the unusual reputation in those ^dkys of mili-

tary dandies of being an able, studious and scientific

officer ; but his career at Hythe was not a long one.

While he was there he had the practical training and
instruction of those who came to qualifjJin^as musketry
instructors ; and he added to, if he did not- originate, the
interesting collection of ancient arms and wfeapons and
projectiles in that establishment. General Pitt-Rivers-

never lost his interest in military matters, and as late as-

1893 he was appointed Colonel of the South Lancashire
Regiment.
Few men have had the collecting instinct so strongly

developed as had General Pitt- Rivers, but in his case
not only were his interests extremely wide, but he had
always some method in his collecting ; there was mvari-

ably some principle or theory thalt the objects were de-

signed to illustrate. Consequently he bought with judg-

ment, and what in most collections are "curios" or

trophies, under his arrangement became links in a chair>

of scientific argument, or clever suggestions of stages-

in the evolution of human thought or handicraft.

The spoils of over twenty years of intelligent collect-

ing were exhibited, in 1874, in the Bethnal Green
Museum, and the catalogue of this collection was pub-

lished by the Science and Art Department. It is no
exaggeration to say that this collection was a revelation

to many people, and it and the catalogue initiated a new
departure in the study of handicrafts. It was, in fact,,

the first practical application of the theory of evolution to

objects made by man. As Colonel Lane-Fox he was, fo
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example, the first to demonstrate the evolution-iry history

of patterns, or of certain decorative features from realistic

originals. He placed together, side by side, analogous

objects from all parts of the world, and often he was
enabled to demonstrate the origin and modifications of

modern weapons, utensils, and the like. This system

has its dangers ; analogy may often be mistaken for

homogeny, and it must be admitted that mistakes were
occasionally made or wrong inferences suggested ; but

with care these may be greatly reduced, and this system

of studying human productions appeals alike to the

general public and to scientific men. We believe that

the collections exhibited in 1874 were first offered to the

University of Cambridge, but now they find a final

resting-place in the museum at Oxford, where they have
since been greatly added to and further elaborated.

Owing to the death of the sixth Baron Rivers in 1880,

Mr. Lane-Fox succeeded to large estates in Wiltshire and
Dorsetshire, and he assumed the name of Pitt-Rivers.

This gave him his chance ; many years previously his

keen eye had noted the numerous earthworks and tumuli
on Cranborne Chase, but he little thought that fortune

would hand them over to his keeping.
In 1 88 1 the General commenced excavating, and in

1887 he published the first of his four quarto memoirs on
the results of his digging. Many burrows had been rifled

before by antiquaries, but never had excavations been so

systematically and thoroughly studied in this country.

These memoirs are monuments to the princely liberality,

technical skill, and conscientious attention to details that

characterised General Pitt- Rivers.

In order to display the finds obtained in his excava-
tions, Pitt-Rivers built a new museum at Farnham in

Dorsetshire, and once more he gave rein to his passion
for collecting, and soon an extensive and valuable
ethnographical museum sprang up in this remote
country village. Here, systematically arranged
and described, may be seen models of the sites and
excavations, and every specimen and fragment thence
obtained. In order to illustrate the pottery which is

found in various diggings, a comparative collection of
pottery and ceramics was started which now forms a
very valuable epitome of this industry in all ages and
climes. In the same manner, a large comparative
collection of agricultural implements has been collected.

Here also is the collection of locks, upon which he based
the memoir he published in 1883 The collections of
general ethnography are surprisingly rich, and his well

selected specimens of Benin metal work constitute per-

haps the most representative series extant. Words fail

to express one's surprise at finding this wonderful
museum buried in the depth of the country.

At Tollard Royal, near Farnham, the General very
carefully restored a thirteenth century house, which is

known as King John's House—this he converted into

a museum mainly designed to illustrate the rise of the
art of painting ; and with characteristic thoroughness
he began with paintings of the twentieth and twenty-
sixth dynasties.

Not far off are the Larmer Grounds, a park which has
been beautifully laid out and provided with numerous
picturesque large summer-houses for the use of ex-
cursionists. During the warm weather a band plays on
Sunday afternoons, and large numbers of people avail

themselves of the General's hospitality. In this effort

to provide free and innocent enjoyment to the multitude.
General Pitt-Rivers received much opposition from
well-meaning but misguided Sabbatarians ; but in this

as in SO many other matters, he pursued what he con-
sidered to be his duty without being influenced by
the opinions or opposition of others. He was very
fond of joining the happy throngs, and he was never
more pleased than when many thousands assembled on
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great occasions, such as the annual raczes. It is gratifying

to know that his liberality was never abused by unseemly
conduct.

(General Pitt Rivers' written contributions to anthropo-
logical literature were very numerous, and in his time he
took an active part in the work of various societies.

General Pitt-Rivers was a Fellow of the Royal Society
;

on more than one occasion he was President of the
.A^nthropological Institute ; and he was a Vice-President
of the Society of Antiquaries. His last public appearance
was when he read an address as Vice-President of the
Royal Arch;eological Institute at Dorchester in 1893. He
was Inspector under the Ancient Monuments Protection

Act of 1882, and in this capacity he visited the scheduled
monuments ; but even his energy was powerless to

counteract the restricted powers and scope of the Act.

It would be difficult to detail the wide range of

subjects that interested General Pitt Rivers, and the

remarkable knowledge he had on so many subjects. He
was by no means a man whose sympathies narrowed
with age. His strong physique, indomitable energy and
imperious will enabled him to accomplish an immense
amount of work, and his trained mind, combined with

wide knowledge and sympathy, rendered that work of

especial merit. Possessed of an abundance of means,
he spent lavishly on his beloved science. His strenuous
life was devoted to the advancement of knowledge and
to the instruction and recreation of the populace.

A. C. H.

NOTES.

The council of the Society of Arts attended at Marlborough

House, on May 8, when his Royal Highness the Prince of Wales,

K.G., President of the Society, presented the Albert medal of

the Society to Sir William Crookes, F.R.S., " for his extensive

and laborious researches in chemistry and in physics ; researches

which have, in many instances, developed into useful practical

applications in the arts and manufactures."

The Paris correspondent of the Times states that the com-

mittee of the Paris Academy of Sciences has selected as

candidates for election as permanent secretary, in place of the

late M. Joseph Bertrand, M. Cornu, professor at the ficole

Polytechnique, and M. Darboux Jean, of the Faculty of Sciences

in Paris.

By the will of the late Mr. G. J. Symons, F.R.S., a valuable

bequest is made to the Royal Meteorological Society. Mr.

Symons was a great lover of old books, and had succeeded

in getting together an extensive meteorological library. He
bequeathed to the Society all his books, pamphlets, maps and

photographs a copy of which is not already in its library.

He also bequeathed his Cross of the Legion of Honour, this

Albert medal, and other decorations, as well as the testimonial

album presented to him by the Fellows of the Society in 1879.

In addition to the above he also bequeathed the sum of 200/.

Mr. Goschen made an important announcement at the

annual dinner of the Iron and Steel Institute last week. He
said that, with a view to developing the power of English guns

by means of improving the propellant agent, a committee has

been appointed, with Lord Rayleigh as chairman, to investigate

the whole subject. The reference to the committee is to carry

out trials to ascertain what are the best smokeless propellants

for use in existing guns of all natures and in existing small arms,

and to report as to whether any modification in the existing

designs of guns is desirable with a view to developing to the full

the powers of any propellant which may be proposed.
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The King of the Belguris his created \fr. E. Windsor

Richards, past president of the Iron and Steel Institute of Great

Britain, a Knight Commander of the Order of Leopold.

The Royal Commissioners who were recently appointed to

inquire into and report upon the condition of the salmon

fisheries of England, Wales and Scotland, commenced their

inquiry on Tuesday.

Forty-six of the sixty-five automobile vehicles which left

London on April 23 for a 1000-mile trial, returned on Saturday

last From a report in the Times, we gather that the mechanical

results of the trial have been very much what they were expected

to be. That is to say, the established type of machine has

proved itself entirely trustworthy, and between the Daimler,

Napier and Panhard motors there has been, in the matter of

"staying power," practically nothing to choose. Of the cars

which entered, only four were driven by any other motive

power than petroleum spirit, and of these one steamer only

survived.

Lettbrs received from Mr. Moore and Mr. Fergusson

announce that the Tanganyika Expedition arrived at Lake Kivu

on December 7, 1899, having left two of their party (Messrs.

Berridge and Mathews) at the head of Lake Tanganyika. They
had ascended the active volcano of Karunga, north of Lake
Kivu (11,350 feet), but found only steam without lava issuing

from the orifice. They arrived on the shores of Lake Albert-

Edward on January 21, and on February 12 were at Fort Gerry,

the English post in Zoru, near Mount Ruwenzori, which they

were proposing to ascend.

Some living specimens oi the very curious blind fish oi the

caves of Kentucky, U.S.A. {Ainblyopsis spelaea), may now be

seen in the Zoological Society's fish-house, where they have

been deposited by the Hon. Walter Rothschild. They are of a

nearly uniform pale flesh colour. When exposed to the light

these creatures hide themselves among the stones in the tank

in which they are placed, though when shaded they seem to

swim about pretty freely like other fishes, but usually keep near

the surface.

The Ancient Monuments Protection Bill was read a second

time in the House of Lords on Tuesday. The measure extends

the provisions of the Ancient Monument Act of 1882, and pro-

poses that local authorities should be empowered to take over

the charge of national monuments and to receive voluntary con-

tributions towards the cost of maintaining and preserving them.

Some of the London open spaces had been preserved in this

manner, and there seemed no reason why the same principle

should not be applied to monuments of archaeological interest.

The U.S. Congress has under consideration a Bill for the

conversion of the present Office of Standard Weights and
Measures into a National Standardising Bureau similar to the

Reichsanstalt at Charlottenburg, and the National Physical

Laboratory. The clause dealing with the work of the bureau

reads as follows :—The functions of the bureau shall consist in

the custody of the standards ; the comparison of the standards

used in scientific investigations, engineering, manufacturing,

commerce, and educational institutions with the standards

adopted or recognised by the Government ; the construction

when necessary of standards, their multiples and subdivisions ;

the testing and calibration of standard measuring apparatus ; the

solution of problems which arise in connection with standards ;

the determination of physical constants, and the properties of
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materials when such data are of great importance to scientific or

manufacturing interests, and are not to be obtained of sufficient

accuracy elsewhere.

The gold medal of the Linnean So;iety of London, which

is annually presented alternately to a zoologist and to a botanist*

has this year been awarded to Prof. Alfred Newton, F. R.S., in

recognitian of his important contributions to zoological science.

To the general public Prof. Newton's name will be best known
in connection with the latest addition of Varrell's " British

Birds" (vols. i. and ii. of which were revised and edited by

him), and the " Dictionary of Birds," an admirable compendium

of ornithology. As editor of the Ibis (1865-70), and of the

"Zoological Record" (1870-72), to which for some years

previously he had supplied the annual record of the literature

relating to Aves, he has placed ornithologists of all nations

under great obligations to him, as he has done, also, by his

publications on the avifauna of Iceland, Greenland, the West

Indies, the Mascareneand Sandwich Islands, and by his articles

in the "Encyclopaedia Britannica " and the "Dictionary of

National Biography." As chairman tor many years of a com-

mittee of the British Association he has been instrumental in

securing the publication of valuable reports on the migration of

birds and in obtaining legislative protection for the more useful

species by the .appointment of a close time. The medal will be

presented at the Anniversary Meeting of the Linnean S )ciety.

The Academic Royale de Belgique announces the following

prize subjects for 1900 :

—

Mathematical and Physiciii Sciences

:

A description of researches on critical phenomena in physics,

together with new researches upon this subject ; new re-

searches on the viscosity of liquids ; study of the de-

rived carbonates of an element of which the compounds

are still little known ; the variation of latitude, together with a

discussion of the reasons which have been put forward to account

for it ; a contribution to the algebraic and geometric study of

n linear forms, n being greater than 3 ; new researches on the

thermal conductivities of liquids and solutions. Natural
Sciences : The determination of the limits of the Comblain-au-

Pont formation, and the place it should occupy in geological

classification. Is it Devonian or Carboniferous ? ; researches on

the modifications produced in minerals by pressure ; researches on

the organisation and development of a flit- worm with the object

of determining whether there exist any phylogenic relationships

between Platyhelminthes and Enterocoela ; does a nucleus

exist in Schizophytes(Schizomycetes) ? if so, what is its structure

and mode of division ? ; researches on Devonian plants of Bel-

gium, from the point of view of description, stratigraphical posi-

tion, and, if possible, anatomical characters. The value of the

gold medal to be awarded for each subject is six hundred francs.

Memoirs may be written in French or in Flemish, and must be

sent to the secretary of the Academy by August i.

We learn rom the Electrician that an instrument called the

telephonograph, which is a modification of the phonograph,

was recently inspected and tested by the German Postmaster-

General and several engineers. Its inventor, Herr Paulsen, a

Dane, has replaced the wax cylinder of the Edison phonograph

by a steel band, and the style by a magnet energised by a tele-

phone. Currents transmitted by the telephone pass through

the electromagnet and create consequent poles on the steel band,

and more or less the converse operation is employed for repro-

ducing the sound. A long line can, of course, intervene between

the transmitting telephone and the phonograph itself, and it is

suggested that a telephone subscriber on leaving his office can

set such a telephonograph to receive telephoned messages during

his absence.
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Experiments on the exposure and development of photo-

graphic plates in ordinary light have recently been made by

Prof. F. E. Nipher, and are described in Science. It appears

that if a photographic plate in a camera is greatly over-exposed

it may be developed in the light. A plate which should for

ordinary work have an exposure of a second and a half for

street or outdoor photography, may be exposed for two hours.

When developed with weak hydrokinone by the light of a lamp,

it gives a good positive. If the plate is held too near the lamp

the light will dissolve a picture already appearing. If held too

far away the plate begins to fog. By moving toward or from

the lamp the proper illumination may be soon secured. It is

remarkable that a street scene taken in this way shows not a

moving thing on the streets. In Prof. Nipher's pictures, tram-

cars passing every two minutes, waggons, horses, pedestrians,

left no trace upon the plate. But the fixed objects are shown

perfectly, with their proper shadows and high lights. Prof.

Nipher points out that lantern slides and transparencies may

be made directly by this method without re-photographing from

a negative. Rontgen ray pictures can also be obtained upon

plates which have been exposed to the light of an ordinary
j

room for a few days, by developing in the manner described.

Good radiographs have been thus produced upon plates which

were uncovered during exposure to the rays.

The usual proof that the arithmetic mean of any number of

positive quantities is greater than their geometric mean consists

in showing that if any two of the quantities be replaced by their

semi-sum, the new series has the same arithmetic mean and a

greater geometric mean. This proof, however, involves the

assumption that if this process of substitution be repeated in.

definitely, the ultimate result will be a series of quantities each

equal to the arithmetic mean of the original series. We have

never seen this property proved, and it is certainly by no means

an obvious truth in the general case, for the result of the repeated

operations is always a fraction whose denominator is a power of

2, while the arithmetic mean of n quantities has n for its de-

nominator. We are glad to see that Mr. G. E. Crawford,

writing in the Proceedings of the Edinburgh Mathematical

Society, recommends an alternative proof in which the number

of steps is finite, and the above assumption is not made. Two
such proofs are possible, both of which run on somewhat parallel

lines, and Mr. Crawford refers to a text-book which appeared a

few years ago for the alternative to the proof now given.

We have received from Prof. A. Klossovsky, the energetic

director of the meteorolo;^ical system of South-west Russia, a

very valuable contribution to climatology. The work consists

of two volumes, text and charts, and embraces the large area

running from about the latitude of London to the northern

shores of the Black Sea and the Sea of Azov, and bounded on

the east by the River Dnieper. The observations used in the

discussion include those made at the stations belonging both to

the Central Meteorological Service of St. Petersburg and to the

South-west Russian system, and embrace a period of twenty-five

years (1871-1895). The tables exhibit monthly, yearly and

five-yearly values of all the principal elements, and the distribu-

tion of thunderstorms and hail. The charts are coloured, and

show very clearly the mean annual distribution of rainfall, the

number of days of thunderstorms and hail, mean and extreme

temperatures, and the distribution of cloud and humidity. The

tables are arranged in various ways, and furnish most useful

statistics for agriculturists and for men of science generally.

In describing some Neocene corals of the United States {Proc.

U.S. National Museum, vol. xxii. 1900), Dr. H. S. Gane re-

marks that a majority of the corals in these Eocene, Miocene
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and Pliocene formations belong to extinct species. They do
not, however, present any close kinship with the corals of a like

age in the West Indies, but are more nearly related to tho e

now living in the Caribbean Sea and Atlantic Ocean.

Mr. Cecil B. Crampton, who has for some time been

assistant to Prof. Boyd Dawkins in the museum at Owen's

College, Manchester, has been appointed an assistant geologist

on the Geological Survey of Scotland.

Mr. Lester F. Ward gives an account of the wonderful

" Petrified Forest " or " Chalcedony Park " of Arizona (Report

toDepartmentpf the Interior, U.S. Geol. Survey, 1900). Count-

less logs of silicified wood occur over a wide area in Arizona,

but they are especially abundant in a particular tract known as

the " Petrified Forest," east of Holbrook, between the Little

Colorado and Rio Puerco. Here the logs lie in the greatest

profusion, " while the ground seems to be everywhere studded

with gems, consisting of broken fragments of all shapes and sizes,

and exhibiting all the colours of the rainbow." These silicified

blocks are not in sittt, but have been derived from a bed of

conglomeratic sandstone of Triassic age, which is exposed on

the margin of a high plateau. Mr. Ward refers also to a well-

known "Natural Bridge," which consists of a petrified trunk

lying across a canyon, and forming a footbridge, and he observes

that the trunk here is in sUit. He advocates that means be

taken to preserve these natural phenomena.

A report on the proposed railway from the Commune de*

Houches, Bonneville, in Haute- Savoie, to the summit of Mont

Blanc, has been published by M. Joseph Vallot, Director of

the Mont Blanc Observatory, and M. Henri Vallot, engineer.

This great undertaking was projected by M. Saturnin Fabre,

but various routes have been suggested. These are fully dis-

cussed by the authors, who give reasons for recommending a

route which starts from the valley .of the Arve at an elevation

of about 3000 feet, and proceeds by the Aiguille du Gouter and

the Dome du Gouter to a terminus at the Petits Rochers

Rouges, where the elevation is about 15,000 feet. The total

length ot the railway would be about seven milesi and from an

elevation of about 4000 feet to its upward termination, the line

would for the most part be subterranean. There would be

several openings, and also stations giving access to the mountain,

at points of special interest and beauty. M. Joseph Vallot

contributes chapters on the geology, including the glacial

phenomena, and these are illustrated by a section showing the

nature of the solid rocks through which the railway would be

carried, and the thickness of the glacier-ice above. For a short

distance the tunnelling would be made through Liassic slates

and Trias with gypsum, and then wholly through various

crystalline schists.
j

In his memoir recently published in the Philosophical Trans-

actions (see Nature, April 19, p. 595). Mr- Oldham has shown

that, in recording the movements due to distant earthquakes,

the heavy vertical pendulums employed in Italy answer most

readily to the early tremors, while the light horizontal pendulums

of Rebeur-Paschwitz and others are most affected by the later-

arriving surface- undulations. Dr. G. Agamennone has discussed ,

the same subject independently in a note read on February iS

before the R. Accademia dei Lincei of Rome. At the Roccadi

Papa Observatory, of which he is director, are two horizontal

pendulums provided with mechanical registration. It is found

that these instruments fail to indicate small local shocks, while

in recording distant earthquakes they lag behind the vertical

pendulums with stationary masses. But, by increasing the
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weight which the horizontal pendulums carry from 25 to 60 kg.,

this defect almost disappears. Dr. Agamennone therefore pro-

poses to erect an additional pair of horizontal pendulums at

Rocca di Papa in which the masses shall be at least 500 kg., the

period of oscillation 10 to 15 seconds, and the magnifying ratio

of the writing stiles 150, and possibly 100. He also suggests a

double system of registration ; the stiles at one end are to write

in ink on white paper moving with a velocity of about 50 cm.

per hour, and at the other end on an endless strip of smoked

paper, which, on the occurrence of a shock, will be made to

travel still more rapidly. The former record will enable the

initial and final epochs to be determined, and the latter the

period of the individual oscillations.

We have received the Transactions and Report of the Man-

chester Microscopical Society for 1899, which contains a good

account of the late Zoological Congress, and also some well illus-

trated papers on various biological subjects of current interest.

Dr. C. S. Minot has favoured us with a copy of a paper

from vol. xxix. of the Proc. Boston Sac. Nat. Hist., entitled " On
a hitherto unrecognised form of blood circulation without capil-

laries in the organs of V'ertebrata." " Sinusoids" is the name
proposed for the newly-discovered vessels, which are said to

•differ in man y respects from true capillaries.

The " Descriptive Guide " to the collection of corals now on

view at the South London Art Gallery, Peckham Road, Cam-
berwell, may be described as a wonderful " pennyworth." Not

only does it contain two excellent photographic plates of corals,

but the text is an excellent popular introduction to the study of

these beautiful structures. The collection in question is the

property of Mr. J, Morgan, of St. Leonards, who has kindly

' aned them for public exhibition.

From its last Report we are glad to notice that the Felsted

School Scientific Society appears in a flourishing condition.

Physics and chemistry receive a larger share of attention than

is usually the case in school societies, owing, doubtless, to

the fact that the president, Mr. A. E. Munby, teaches these

subjects in the school. Dr. Charles Hose has kindly offered to

present a selection from his Bornean treasures if proper accom-

modation can be obtained for their display.

" CODIUM " is the title of the fourth issue of the Liverpool

Marine Biological Committee's memoirs. The remarkable

branching alga originally described as Fucus tornetitosus, but

now designated CoJiuin to/nentositm, is one of three British

representatives of the group Codiaceae, but the only one found

within the area treated of in this series of memoirs. Although

widely distributed, it occurs within the district only in shallow

rock-pools at the south end of the Isle of Man. The plants

are perennial, and fruit in winter ; the season of fructification

apparently extending from November till February. The
authors of the memoir have worked out the life-history of the

organism so far as their materials admitted of this being done ;

but there are certain problems connected with the reproduction

which require further investigation.

Dr. R. W. Shufei.dt contributes a paper on the psychology

of fishes to the April number of the American Naturalist. In

general it may be said that fishes possess excellent visual power,

even to the exact discrimination between objects ; and there is

also reason to believe that they are extremely sensitive to any
disturbance of their native element, when such disturbance is

within the range of appreciation of their nervous organs.

Whether, however, any fish has the extreme sensibility of the

leech Clcpsine, which, when the experiment is conducted with
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proper precautions, will be conscious of the touch of a needle-

point on the surface of the water of the dish in which it is

placed, is more than doubtful. The peculiar sensitiveness to

teasing exhibited by the fish known as the snowy grouper

{Epinephelus nivealus) is instanced by the author as a pheno-

menon requiring special explanation. When much disturbed,

this fish displays a spasm, or fit, much resembling the contor-

tions of death, eventually floating belly-upwards, and at the

same time changing colour. The author suggests that these

movements are for the purpose of warning off predatory fish,

which prefer to take their prey in a healthy condition after an
exciting chase.

A Preliminary Retort on the Klondike Goldfields, Yukon
District, Canada, has been published by Mr. R. G. McConnell.
(Printed in advance from the Summary Report, Geol. Surv.

Canada for 1899, 1900). The rocks consist of stratified and
foliated rocks, mostly Palseozoic, and of granites and other erup-

tive rocks of Tertiary age. Of the older rocks, the Klondike
series constitutes the country rock along the productive portions

of all the richer creeks. It mainly comprises micaceous schists,

greatly crushed and altered, which pass in places into a granitoid

rock. Quartz veins are very abundant, and these occasionally

contain free gold. The placer deposits have derived their gold

from the quartz veins and silicified schists of the district ; and it

is considered probable that productive veins, or zones of^country

rock, will eventually be discovered. A fairly full account is

given of the placer deposits, so far as they are known, but the

author remarks that the work of the prospector will not be

completed for many years. The valleys known to be productive

in gold are shown on a map.

" Notes on the Fossil Flora of South Gippsland," by Mr.

James Stirling, Government geologist, have been published by
the Department of Mines, Victoria (1900). The plants, which
include ferns, cycads and conifers, were obtained from Jurassic

strata. They are illustrated in six plates, which accompany the

notes, and which were prepared under the direction of the late

Sir Frederick McCoy.

Messrs. Archibald Constable and Co. will publish in a

few weeks Mr. W. Worby Beaumont's new and comprehensive

work, " Motor Vehicles and Motors : Their Design, Construc-

tion and Working by Steam, Oil and Electricity."

Prof. J. A. Ewing's standard work on " Magnetic Induction

in Iron and Other Metals " (The Electrician Printing and

Publishing Co.) has reached a third edition. A chapter has

been added on practical magnetic testing, and important advances

made since the book was originally published have been taken

into consideration.

Messrs. Newman and Guardia, Limited, have just

placed a new quarter-plate pocket camera—the " Nydia "—upon

the market. The camera is fitted with a special S^-inch lens,

either Zeiss, Wray or Ross make ; it carries twelve films or

eight plates ; when folded it measures only 7i x 4J x ij inches,

and it only weighs, when loaded, 1% lbs. Photographers re-

quiring a portable and efficient hand camera at a moderate

price should see the " Nydia."

The fourth edition of " Psycho-therapeutics," by Dr. C.

Lloyd Tuckey, has been issued by Messrs. Balliere, Tindall and

Cox. The third edition was published nearly ten years ago

and since that time hypnotism and suggestion have become

recognised forms of medical treatment. Dr. Tuckey's work is

a useful statement of the development of the system of psycho-
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therapeutics, both from the theoretical and practical sides, and

it will show practitioners what can be accomplished by hypnotic

suggestion.

Although a large amount of work has been published upon

the physical properties of dilute solutions of single electrolytes,

the experimental study of solutions of mixed electrolytes, notwith-

standing its great interest from the point of view of the electrolytic

theory of dissociation, has not been worked at so extensively. The

theoretical discussion of such mixtures leads to a set of ecjuations

somewhat difificult to solve ; but since Prof. MacGregor, of the

Dalhousie College, Halifax, Nova Scotia, showed how to solve

these equations by a simple graphical method, systematic re-

searches have been carried on at this college on the properties of

such mixed solutions of electrolytes. A recent paper, by Mr. J.

Barnes, in the Transactions of the Nova Scotian Institute of

Science, deals with the depression of the freezing point in salts

containing a common ion ; and the results show that in the case

of mixtures of potassium chloride and sodium chloride, and of

sodium chloride and hydrochloric acid, and of all three, it is

possible, with the ionisation coefficients obtained by Prof. Mac-

Gregor's method, and on <;the assumption that the molecular

depression of an electrolyte in a mixture is the same as it would

be in a simple solution of the same total concentration, to predict

the depression of the freezing point within the limits of the error

involved in observation and calculation.

The additions to the Zoological Society's Gardens during the

past week include a B jnnet Monkey (
Macacus sinicus, 6 ) from

India, presented by Lady Malcolm, of Poltalloch ; a White-

crested Tiger Bittern {Tigrisoma leucolophum) from West

Africa, presented by Mr. W. F. Marshal ; four Chaplin Crows

(.Corvus capellanns) from Southern Persia, presented by Mr.

B. T. Ffinch ; a Cinereous Vulture
(
Vultur monachus),

European, presented by Mr. W. E. Found ; a Common Boa

{Boa constrictor) from South America, presented by Mr. F. H.

Preston; two Egyptian Foxes {Cams niloticus) from North

Africa, two Prevost's Squirrels {Sciurus prevosti) from Malacca,

a Ring-tailed Coati {Nastia rufd) from South America, two

Porto Rico Pigeons {Columba squamosa) from the West Indies,

a Sclater's Cassowary {Casuariiis sclateri), two Red-sided

Eclectus {Eclectus pectoralis) from New Guinea, four Logger-

head Turtles {Thassochelys caretta) from Tropical seas, twelve

Elegant Terrapins {Chryseinys scripta elegans), seventeen

Lesueur's Terrapins {Malacoclemmys lesueuri) from North

America, twelve Adorned Terrapins [Chrysemys ornala) from

Central America, seven Reeves's Terrapins {Dainonia reevesi)

from China, deposited ; five Hairy Armadillos {Dasypus villosus)

from La Plata, four Common Indian Starlings (Sturnus mem-
bieri), a Bengal Fox {Cams bengalensis) from India, two

Meyer's Parrots {Poeocephalus meyeri) from South-east Africa,

four Australian Sheldrakes {Tadorna tadornoides), five

Wood Swallows {Artamus sordidus) from Australia, six

Sulphury Tyrants {Pitangus sulphuratus), a Black-pointed

Teguexin (Ttipinambis nigropunctatus) from South America,

purchased ; a Crowned Lemur {Lemur coronaltis), six Common
Wolves (Cams lupus), a Llama {Lama peruana) born in the

Gardens.

OUR ASTRONOMICAL COLUMN
Unpublished Observations at Radcliffe Observa-

tory, 1774-1838.— In a pamphlet containing a reprint of an
article in Monthly Notices, vol. Ix. pp. 265-293, Dr. A. A. Ram-
baut, Radcliffe observer at Oxford, calls attention to a very
valuable collection of astronomical observations which are pre-
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served at the Radcliffe Observatory, but have not been reduced

or published. Two of the Oxford astronomers, Profs. Hornsby
and Robertson, spent a large amount of labour in reducing

Bradley's observations made at Greenwich from 1710-1762, and
further continued his work by themselves maintaining a system-

atic and regular series of observations for sixty-five years, from

1774-1838. These were all made with the instruments sup-

plied by Bird to the Radclift'e Observatory at its installation,

consisting of two quadrants each of 8-feet radius, a transit in-

strument of 8-feet focal length, and a zenith sector of 12-feet

focus. The observations have all been methodically copied in

a similar form to their printed edition of Bradley's observations,

and contain altogether about 130,000 transits and 60,000 zenith

distances. Dr. Rambaut states that his staff at present could

not undertake the reductions ; but, in order to show the extreme

importance of the data available, he has made a selection

of them, giving the probable errors compared with other

observers.

The planets and sun have received considerable attention,

there being about 8000 observations of the sun alone, a number
little less than that on which Leverrier's tables were founded,

and, moreover, covering the period when the corrections to the

mean longitude of the sun, as deduced at Greenwich, Paris and
Konigsberg, are most discordant.

The working list of stars includes about 4870 of those ob-

served by Flamsteed and Bradley, so that direct comparisons

could be made in the reductions. Their great value would be

specially apparent in the question of proper motions, filling up
as they do the long gaps between Bradley and Piazzi, or Bradley

and Pond. Specimens of Dr. Rambaut's reductions are given

in the paper to show the high degree of accuracy attained by

the observations.

Maximum Duration for a Total Solar Eclipse.—
Mr. C. T. Whitmell, president of the Leeds Astronomical
Society, recently read a paper showing the results of calcula-

tions he had made in the endeavour to ascertain what is the

maximum duration possible for a total solar eclipse {Monthly
Notices, R.A.S., vol. Ix. pp. 435-441). After considering the

several effects of the varying distances of sun and moon from
the earth in determining size of umbra and velocity of shadow,
he cites the following five conditions as required for maximum
duration of totality :

—

(i) The new moon, at or very near a node, must also be at

the most favourable perigee possible ; (2) the sun must be at

apogee ; (3) during totality, which should be observed at local

noon, the moon's shadow should run along a parallel of latitude,

in order that the diurnal movement of the observer may be for

the time parallel to the motion of the moon, thereby producing
its full effect in detaining him within the umbra ; (4) the sun
and moon should be in the zenith, so that the umbra may be
as large as possible ; (5) the observer should be on the equator,

so that his linear velocity may be as great as possible.

Of these, owing to the sun and moon 7tot moving in the plane

of the celestial equator, it is impossible that ^4) and ( = ) can be
simultaneously fulfilled ; (5) is more favourable than (4).

Taking the moon' horizontal parallax as 61' 22",

earth's radius as 3963 miles,

moon's ,, io8i'5miles.

and using the present accepted eclipse values of the diameters

of the sun and moon, the maximum totality will occur near the

middle of July, at noon, in geocentric north latitude about 4" 52',

and will last about 7m. 40s., the sun being at apogee with a

parallax of 8"'70. This is on the assumption that the declinations

of the two bodies are considered practically constant during

totality. The author gives the following list of long duration

eclipses, calculated by Mr. Crommelin from Oppolzer's data :

—

Position of noon point

1 901 May 18

1919 May 29
1937 June 8

1955 June 20

1973 June 30
1991 July II

noon
h. m.

6 41-6

7 5-9

7 199
7 24-5

7 196
7 107

Longitude Latitude

97 E.
18 W.

131 W.
117 E.

6E.
105 W.

2 8.

4N.
10 N.
15 N.
19 N.
22 N.
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THE FRESH-WATER LOCHS OF SCOTLAND}
'T'HE introduction to this paper, published in the Geographical

-*• Journal, includes the correspondence that passed between
the Royal Societies of London and Edinburgh and Her Majesty's

Treasury in 1883 and 1884, relative to the survey by a Govern-
ment Department of some of the inland lakes of Scotland.

The weighty arguments brought to bear upon the Government
by these learned societies failed in their object, and the Govern-
ment declined to undertake the proposed surveys. In these

circumstances the authors determined a few years ago to make
a systematic survey of all the fresh- water lochs of Scotland, and
the present paper is the first instalment in the publication of

their results, dealing with a compact series of lakes directly or

indirectly connected with the water-supply to the city of

Glasgow, viz. Lochs Katrine, Arklet, Achray, Vennachar,
Drunkie, Veil, Doine and Lubnaig, which form part of one
united drainage system having its outflow by the River Teitli.

F. P. Pullar's sounding machii

In order to overtake the large amount of work contemplated,
involving an immense number of soundings, within a reasonable
time, it was necessary to have a portable wire sounding machine
adapted for rapid work in small rowing boats. Mr. PuUar
designed, and had made, a sounding machine (see Fig. i), which
is described and figured ; this apparatus is admirably adapted for
the purpose in view, and with it all the soundings in the different
lakes were taken.

The total number of soundings recorded in the paper, taken
in the eight lochs mentioned, was 2422, the number varying
from 775 in the largest (Loch Katrine) to 90 in the smallest
(I^ch Doine). These soundings were laid down in position on
the large scale (six-inch) Ordnance Survey maps, and contour-
lines of depth drawn at certain intervals, from which with the
aid of the planiriineter the cubic mass of water in each loch was

1 " A Bathymetrical Survey of the Fresh-water Lochs of Scotland. " By
.'u-l°*L" '^i"f''''y- KC.ll> D.Sc, F.R.S., and Fred. P. Pullar, Esq.',
I K.O.S. Part 1. The Lochs of the Trossachs and Callander District.

calculated. The soundings'Jihow that Lochs Katrine, Arklet,

Achray, Voil and Doine form each a single basin, while in

Lochs Lubnaig, Drunkie and Vennachar
the irregularities of the bottom cut up the

deep parts of the lochs into separate

basins.

The most important of the lakes under
consideration is the well-known Loch
Katrine, which is eight miles in length,

one mile in maximum width, with an area

of 4iJ square miles. The greatest depth,

495 feet (824 fathoms), was found much
nearer the eastern than the western end,

so that a section drawn down the centre of

the loch from west to east (see Fig. 2)

shows a gradual increase of depth for

nearly four-fifths of the total length, and
then a more rapid rise of the bottom to-

wards the eastern end. A section across

the loch from north to south (see P^ig. 3)
.shows the deeper part at the point chosen
for the section nearer the southern than
the northern shore. The mean depth of

the loch, i.e. the cubic mass of water
divided by the area, is 199 feet. The sur-

face of the loch lies at an elevation of 364
feet above the sea, hence a considerable

portion of the bottom (over one square
mile) falls below the level of the sea ; in

this respect Loch Katrine differs from all

the other lochs treated of. In connection

with the water-supply to Glasgow, Loch
Katrine was raised four feet above its pre-

vious level, and it is now in process of

bemg raised an additional five feet.

Loch Arklet is a small Highland loch

situated between Lochs Katrine and Lo-
mond, at an elevation of 455 feet above
the sea. It is over a mile in length, nearly

half a mile in maximum width, and covers

an area of about one-third of a square

mile. The greatest depth, 67 feet, was
found nearer the western than the eastern

end ; the mean depth is 24 feet. Loch
Arklet at present belongs to the watershed
of Loch Lomond, but the Corporation of

Glasgow have power to divert its waters

into the Loch Katrine watershed, with the

view of increasing the supply of water to

that city.

Loch Achray is situated between Lochs
Katrine and Vennachar, at an elevation of

276 feet above the sea. It receives the

outflow from Loch Katrine and flows into

Loch Vennachar, the level of which is six

feet lower. Loch Achray is about i^ miles

in length, and one-third of a mile in maxi-

mum width, covering an area of about

one-third of a square mile. The greatest

depth, 97 feet, was recorded in two places

approximately in the centre of the loch ;

the mean depth is 36
feet.

Loch Vennachar is

about four miles in

length, with a maxi-
mum breadth of less

than three-quarters of

a mile, and covers an
area of over i i square

miles. The greatest

depth, 1 1 1 feet, is

situated approximate-

ly in the centre of the

loch ; the mean depth
is 42^ feet. Loch
Vennachar has been
raised five feet nine

inches in connection with he Glasgow water-supply, for the
purpose of providing compensation water to the River Teith.

Fig. •Transverse
section of Ix)ch

Katrine. The black
portion shows the
true slopes ; the out-
line shows the slopes
ex.iggerated ten
times.

Fig. 2.—Longitudi
iial section of Loch
K.-itrine along the
axis of ir.aximum
depth. '1 he black
portion shows the
true slopes ; the
outline shows the
slopes exaggerated
ten time.s.
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Loch Drunkie is a peculiar irregular little Highland lake, shut

in on all sides by high hills, situated, at an elevation of 416 feet

above sea-level, a quarter of a mile to the south of Loch Vcnna-

char, into which it flows. It is remarkable in shape, a quad-

rangular body throwing out three arms in different directions ;

the maximum length is over a mile, the maximum width of the

body over a quarter of a mile, and the area nearly a quarter of a

square mile. The greatest depth, 97 feet, was found near the

base of the north-eastern arm ; the mean depth is 36 feet.

Loch Drunkie was raised twenty-five feet in connection with the

Glasgow water-supply, for the purpose of supplying compen-
sation water to the River Teith.

Lochs Voil and Doine formed at no distant date a continuous

loch, which has been divided into two portions by the material

deposited by the rivers. The level of these lochs being fifty feet

higher than that of Loch Katrine, it has been suggested that an

additional supply of water to Glasgow can be obtained by means
of a tunnel from Loch Doine to Loch Katrine through the

intervening hills. Loch Voil is over 3^ miles in length, about

one-third of a mile in maximum width, and covers an area of

nearly nine-tenths of a square mile. The greatest depth, 98
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Fig. 4.—Temperature of the water in Loch Katrine.

feet, was found towards the western end ; the mean depth is 41
feet. Loch Doine is nearly a mile in length, and over a quarter
of a mile in maximum breadth, with an area of nearly a quarter

of a square mile. The greatest depth, 65 feet, was found
towards the eastern end ; the mean depth is 33 feet.

Loch Lubnaig is one of the most interesting of the lochs

under consideration, the configuration of the bottom being much
more irregular than in any of the others. It receives the outflow
from Lochs Doine and Voil, its level being nine feet lower (405
feet above sea-level). The greatest depth, 146 feet, was found
approximately near the centre of the loch ; the mean depth is

42^ feet. The contour-lines of depth do not follow the contour
of the loch, hollows and ridges alternate with each other, and
in some places comparatively deep water is found close to the
shore, while in other places shallow water extends a consider-
able distance from shore.

The deposits forming on the floor of these lochs are described
in detail, and the numerous temperature observations taken at

the surface and at various depths down to the bottom (some of
which were taken as recently as March 1900) are fully discussed.
The serial temperatures taken in Loch Katrine are shown

graphically in Fig. 4. The relation between the variation of
temperature and the size and depth of the lochs is pointed out,
and shows how much more suitable a large deep lake is, as a
source of water-supply, than a shallow basin, ensuring a relatively

low temperature in summer and a relatively high temperature in

winter. Interesting observations were made on the pelagic and
other organisms in the various lochs, and on their variation with
the season, certain species being obtained in abundance at

certain seasons and absent or rare at other seasons.

The amount of rain falling unnually on the drainage areas of
these lochs was estimated by three methods, the lochs being
grouped into two series, viz. Lochs Katrine, Achray, Drunkie
and Vennachar, which have their outlet at the eastern end of
Loch Vennachar. forming one series ; and Lochs Doine, Voil
and Lubnaig, which have their outlet at the southern end of
Loch Lubnaig, forming the other series. The readings of the
rain-gauges at all the observing stations within and near the
catchment-basins of these lochs were grouped together into two
series corresponding with the two series of lochs indicated, and
the average annual rainfall at the average height of the gauges
calculated for each series. By the first method, i\ per cent, of

annual rainfall was added for each 100 feet of mean height of the
catchment-basin above the average height of the rain-gauges,
and a figure thus obtained representing the average annual rain-

fall over the entire catchment-basin. By the second method,
the increase of 2\ per cent, per 100 feet of height was used to

calculate the probable annual rainfall at the same heights and
intervals as the contour-lines on the Ordnance Survey maps.
A third method was afforded by drawing lines of equal rainfall

on a map of the district. The total amount of rain falling on
the catchment-basins of the two series of lochs indicated was
calculated by these three methods, and the results obtained by
the first two methods agree very closely, while the results

obtained by the third method were in each case considerably
less The mean obtained by the three methods may probably
be regarded as a close approximation to the amount of rain

falling annually on these catchment-basins, viz. 14, 100 million

cubic feet for the Vennachar catchment, and 14,700 million

cubic feet for the Lubnaig catchment.
~n the case of the Vennachar catchment a unique opportunity

is presented for comparing the outflow with the rainfall, for a
record has been taken twice a day of the depth of water flowing
over a weir at the east end of Loch Vennachar since Loch
Katrine has been made use of by the Glasgow Corporation as

the source of the water-supply to that city.

The readings ot the depth of the outflowing
water during the year 1869 have been calcu-

lated out, and the outflow for that year has
been estimated at 9572 million cubic feet.

The quantity of water supplied to Glasgow
during the year 1869 is estimated at 1660
million cubic feet. There is thus an excess

of rainfall, according to the mean of the

three methods, over the overflow of 2860
million cubic feet. This difference must be
accounted for by absorption, evaporation
and loss of water by underground channels.

The readings of the outflow for a series

of twenty-five years or more would be a

far more satisfactory basis for calculation than a single yejir's

readings (and the year 1869 was not an average, but a
very dry year), and it would be very interesting to have the

average annual outflow calculated over the whole period during

which the record has been kept, in the same way as the mean
annual rainfall is calculated for a particular station. Records of

the rainfall at high elevations in different parts of the catchrtient-

basins would also be desirable in comparing the average annual
rainfall with the average annual outflow.

Appended to the paper is an account of the geology of the

district by Messrs. B. N. Peach, F.R.S., and J. Home, F.R.S.,
based on materials collected during the Geological Survey of

that region, and published by permission of Sir Archibald Geikie,

the Director-General. A brief sketch is given of the ge ological

structure of the area embracing the various lochs, which has an
important bearing on the question of the evolution of the valley-

system. It is shown that, along the Highland border, there is a

great development of conglomerates, grits and greywackes, be-

longing partly to the crystalline schists and partly to the Old Red
Sandstone. These strata, being vertical or nearly so, would be

much less easily eroded than the gently inclined schistose rocks
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lying to the north-west. Such an arrangement would naturally

lead to the formation of narrow and comparatively flat-bottomed

valleys behind rocky gorges, the latter being cut through the

vertical beds of hard grit and conglomerate along the Highland
border. Evidence is adduced to show how this remarkable

structure likewise contributed to the erosion of rock basins during

the glacial period. The glacial phenomena of the region are

reviewed, which indicate at least two periods of glaciation ; one,

when the ice-shed lay to the north of the area under considera-

tion, when the ice-movement was independent of the existing

valley-system, and when even the highest mountains were over-

ridden by the ice. This great development was followed by a

period of local glaciation, when the glaciers were confined

mainly to the e.xisting valleys. Lastly, the soundings of the

various lochs are viewed in relation to the geological history of

the area, and with reference to the question of the origin of the

various lakes. It is shown that some of the lochs are typical

examples of rock basins, that in some instances the deepest

soundings occur in front of the rocky barriers at or near their

outlets. Reference is made to all the important faults traversing

the region, which have led to the more rapid disintegration of

the materials, but though they have in certain cases produced
modifications of the floors of the lakes, they cannot account for

the excavation of the rock basins. The soundings of Loch
Lubnaig reveal the striking fact that one of the deep basins in

that lake lies on the upthrow side of the most powerful fault

traversing the crystalline schists of that region. Messrs. Peach
and Home believe that the soundings of the various lakes in the

basin of the Teith above Callander furnish strong evidence in

support of Ramsay's theory of their excavation by ice-action.

The paper is illustrated by seven coloured maps, the first three

showing on a small scale the orography and drainage areas, the

surface geology and the rainfall of the district, the other four

showing on a larger scale the bathymetry of the various lochs

and the relief of the surrounding country. There are also

numerous woodcuts, some of which are reproduced in this

review.

IRON AND STEEL INSTITUTE.
'X*HE annual meeting of the Iron and Steel Institute was held

on Wednesday and Thursday, May 9 and 10, in the hall of

the Institution of Civil Engineers, under the presidency of Sir

William Roberts- Austen, K.C.B., F.R S. The attendance of

members was larger than at any previous gathering. The
report of the council, which was read by the secretary, Mr.
Bennett H. Brough, showed that the Institute is in a flourishing

condition. The receipts last year were greater than in any
previous year, no new members were added to the roll, the

supply 'of original papers was well maintained, and a Royal
Charter of Incorporation had been granted. After the usual

formal business, the president presented the Bessemer gold
medal for 1900 to Mr. Henri de Wendel, the eminent French
metallurgist, in recognition of his great services to metallurgy in

developing the iron-ore resources of French and German Lor-
raine. Mr. de Wendel having expressed his appreciation of the

honour conferred upon him, Mr. Stead announced that he had
decided to postpone the reading of his paper until the autumn
meeting in Paris.

Mr. J. Riley then described the various attempts that have
been made to use fluid metal in the open-hearth furnace. The
results he obtained at Wishaw, in 1898, were encouraging, and
experience over a considerable period show that great advantages
are derived from the adoption of this method. The best future

open-hearth practice, he considers, will include the use of fluid

metal direct from the blast furnaces.

The next paper read was one of most conspicuous novelty, by
Mr. B. Talbot, on the open-hearth continuous steel process.

This process was introduced at the Pencoyd steelworks in Penn-
sylvania. The furnace used is a basic-lined tilting furnace of

seventy-five tons capacity. Many thousands of tons of steel

have been made by this method with very satisfactory results, all

grades of steel having been produced. The cost and delay in

charging cold material is avoided. There is a saving in fuel in

charging molten pig iron. The demand for a large supply of
good scrap is dispensed with. A regular supply of steel in any
desired quantity and at frequent intervals is insured. There is

an increased output, an increased yield, and a saving in repairs

and in labour charges. At the same time it is possible to use
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very large furnaces, with consequent reduction in cost of pro-

duction, without the necessity for very large cranes and ladles.

A long discussion followed the reading of the paper, the opinion

being general that the process is an important advance in open-
hearth steel practice.

Mr. A. Greiner gave an account of the results obtained at the

Cockerill works, Belgium, with the first blowing-engine worked
by blast-furnace gas ever employed in any ironworks. This 600
horse-power engine has been running since November 20 last

with unpurified gas taken from the Seraing blast-furnaces.

Baron H. von Jiintner submitted a further instalment of his

researches on the theory of solution of iron and steel. He dis-

cussed the application of the laws of chemical mechanics in the

case of iron carbon alloys, and showed what an important bear-

ing thermo-chemistry possesses for a knowledge of the constitu-

tion of the alloys of iron and their alterations of state.

The meeting then adjourned until May 10, when Mr. C.

Dellwik dealt with the manufacture and application of water-

gas, describing the production of the gas by means of a simple
apparatus with a degree of economy surpassing that of other

less valuable gas. Whilst in the old processes the gas leaving

the generator during the blow contains principally carbon
monoxide and nitrogen, in the author's process it consists chiefly

of carbon dioxide .and nitrogen.

The subject of utilising blast-furnace slag is a fruitful source

of inquiry, and a recent important development was dealt with
by Mr. C. von Schwarz. This is a successful method of manu-
facturing cement from blast-furnace slag, recently employed in

(jermany and Belgium. The cement thus made obtains a
higher price in the market than ordinary Portland cement.

Mr. L. F. Gjers and Mr. J. H. Harrison described an
apparatus for equalising the varying temperatures of hot blast.

Hitherto the hot blast has been allowed to enter the furnace as

it left the stove, and in order to obviate the interference with

the steady working of the furnace, the authors have devised an
apparatus consisting practically of another small stove with a

central division wall. It is filled with chequer work ; and the

hot blast, entering at one side of varying temperature, is

delivered out at the other side at an even mean temperature.

The form of ingot that would seem to be the most natural for

the manufacture of a gun-tube or a propeller shaft is one with a
circular section. Mr. F. J. R. Carulla, however, pointed out the

drawbacks of this form, and showed that a polygonal ingot with

concave sides answers the required conditions.

Mr. H. K. Scott contributed a paper on manganese ore de-

posits and mining in Brazil, giving a detailed account of the

geological structure of the deposits, and of the economic
development of the industry.

After the usual votes of thanks to the Institution of Civil

Engineers, proposed by Sir John Alleyne, Bart., and to the

president for his conduct in the chair, proposed by Mr.
Carnegie, the proceedings terminated. Incidentally, Mr.
Carnegie announced his intention of founding a scholarship

in connection with the Iron and Steel Institute for the advance-

ment of research in connection with iron and steel.

THE ROYAL SOCIETY CONVERSAZIONE.
'T'HE general opinion of the scientific company at the Royal
-^ Society on Wednesday, May 9, on the occasion of the first

of the two soirees held annually, was that novel and striking

exhibits were not so numerous as in some exhibitions of previous

years. The following were among the most noteworthy

exhibits :

—

Mr. Richard Kerr showed a clock controlled at a distance by
wireless telegraphy of the Hertzian wave system. Mr, J.

Wimshurst, F.R.S., exhibited an influence machine, constructed

with twelve plates of vulcanite. Prof. Silvanus P. Thompson,
F.R.S., showed some pretty electromagnetic experiments, one

being the converse of De La Rive's experiment, using floating

magnet instead of floating battery, and others showing new
varieties of the De La Rive experiment (see p. 71). Prof.

Minchin, F.R.S., showed that luminous flashes could be

induced in a helium tube by Hertz waves.

An electric micrometer was shown by Mr. P. E. Shaw. The
instrument was designed primarily to measure the small move-
ments of a telephone diaphragm. A screw abuts on a system of

three levers, set up on a strong wooden frame. By turning the
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screw, the far end of the levers moves to and fro through

distances which can be controlled and measured. This end of

the levers carries a rod, and the diaphragm a small plate, both

of iridio- platinum ; if these two surfaces touch one another, a

flow of a small amount of electricity occurs, producing a sound

in a telephone held by the observer; at the same time he reads

by a telescope a graduated circular scale fixed on the screw.

Since the screw and levers can be moved at will by the

observer, he can, by this contact method, find the position of

the diaphragm, and follow its movements. Precautions against

vibrations are taken by having indiarubber suspensions, and
against temperature changes by covering the working parts with

boxes wrapped in felt. Movements as small as ^J^th of a wave-

length of sodium light have been measured by this apparatus.

Mr. Killingworth Hedges exhibited jointing boxes and
aigrettes used in the rearrangement of the lightning conductors

of St. Paul's Cathedral. The original system for the protection

of the Cathedral from lightning was installed under the advice

of the Royal Society in about 1756. This was replaced in

1872 by what was then considered the most improved method,
when the unsoldered joints were found to be very defective ; in

some cases they were quite loose ; also the earths, originally

made by laying the cable in a drain which had become disused,

were in some cases insulated from the ground. New earths

have been substituted. The method adopted to protect the

structure unites the old system and the new cables to a hori-

zontal conductor run on the top of the parapet, entirely round
the building ; to this copper aigrettes as shown are teed at

intervals.

Other electrical exhibits were models illustrating leakage from
electric tramways, shown by Mr. A. P. Trotter, and improved
forms of standard resistance coils made by the Cambridge
Scientific Instrument Co., Ltd.

Dr. Isaac Roberts, F. R. S. , exhibited his magnificent volume of

photographs of stars, star-clusters and nebulae, recently reviewed
in Nature (vol. Ixi. p. 533). The volume contains seventy-
two photographs, which have been enlarged by mechanical
processes from the original negatives, and they furnish evidence
of the evolution of stellar systems from nebulous matter as seen in

the convolutions of spiral nebulae. They also furnish a founda-
tion for the inference that the system of the Milky Way is not
unlimited in extent, and that the numerous aggregations of
stars, seen in lines and curves in the stellar regions, indicate

their development from spiral nebuloe.

Mr. Thomas Thorp exhibited some of his grating films and
their application to diflfraction colour photography, on Prof
Wood's principle. Dr. Downing, F.R.S., exhibited maps
illustrating the track of the total eclipse of the sun of May 28.

Mr. W. A. Shenstone, F.R.S,, and Mr. H. G. Lacell showed
a quantity of non-splintering silica, suitable for use in the
oxy-gas flame. The method of converting this into tubes and
other forms of apparatus, as recently described in Nature
(May 3), was demonstrated practically, together with experi-

ments to illustrate the behaviour of vitreous silica under sudden
and great changes of temperature. The following apparatus,
constructed of silica, was also exhibited. A long tube for use
with a platinum thermometer ; a mercury thermometer ; bulbs
and stems for thermometers ; a Giessler tube ; a small distilling

tube ; and rods and tubes of various sizes for various purposes.
Some examples of leadless glazed ware were shown by Dr.

T. E. Thorpe, F.R.S.
Mr. H. B. Hartley and Mr. H. L. Bowman gave a de-

monstration of the properties of crystals yielding doubly-refracting
liquids on fusion. Certain crystalline organic compounds, viz.

/^-Azoxyanisol, /-Azoxyphenetol, and Cholesteryl benzoate, have
been found by Prof. Lehmann, of Carlsruhe, to give on melting
(at temperatures of 116°, 134° and 145° respectively) liquids

possessing the properties of double-refraction and dichroism,
even under conditions in which a state of strain is impossible.
When these anisotropic liquids are further heated, they change
at definite temperatures of transition (134°, 165° and 178° re-

spectively) into ordinary isotropic liquids. The intermediate
bodies have been called "liquid crystals," for, although the
evidence of their elasticity, viscosity, and dielectric capacity
shows them to be undoubtedly liquids, yet nevertheless they
possess, like crystals, both double refraction and dichroism.,

Specimens from the reefs of Funafuti were exhibited by
Prof. J. W. Judd, C.B., F.R.S., on behalf of the Coral-Reef
Committee of the Royal Society. The exhibits included :—
(l) Specimens illustrating the rate of growth of corals and
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calcareous algse from the reefs of Funafuti. Experiments made
by Mr. A. E. Finckh, of Sydney, who in 1898 carried the boring
made by Prof. T. E. David in the previous year from the depth
of 698 ft. to 1 1 14 ft., have thrown much new light upon this

important question. Specimens illustrating these experiments
are exhibited. (2) New and interesting forms of Foraminifera,

which have been described by Mr. F. Chapman. Thes6
include :

—

{a) Cycloclypens, a genus previously regarded as being;

very rare, but now shown to exist abundantly at Funafuti. The
two species formerly described are now shown to be dimorphic
forms of the same organism. \b) A curious form of Polytrema,
which occurs encrusting various objects in alternate layers with
the marine alga Lithothamnion, thus forming loose nodules.

{c) The newly- described Haddonia, first obtained from Torres
Straits, &c.

Prof. H. G. Seeiey, F.R.S., showed drawings of restorations

of Dimorphodon. The drawings, of the natural size, are ba.sed

upon fossil remains from the Lias, in the British Museum.
They represent the skeleton as in the quadruped and biped
positions ; and show the contours of the body at rest, walking,
and preparing for flight, to illustrate proportions of the skeleton.

Dr. C. I. Forsyth- Major exhibited remains of extinct gigantic

and lesser lemurs from Madagascar, and living forms for com-
parison. Some beautiful examples of chalk fossils were exhibited

by Dr. Arthur W. Rowe.
Dr. Manson exhibited longitudinal sections of filariated

mosquitoes {Culex ciliaris), showing that Filaria noctutna,
like the malaria parasite, leaves its mosquito host vi& the

proboscis.

A collection of living marine worms (Annelids) from the

neighbourhood of Plymouth, designed to illustrate, as far as

possible, the prominent features in the habits of life of the

different types of this class of animals, and such modifications of

form as are related thereto, formed the exhibit of the Marine
Biological Association.

Prof. E. Ray Lankester, F.R.S., on behalf of the Archaeo-

logical Survey of the Egypt Exploration Fund, showed repro-

ductions of paintings and sculptures in tombs of Ancient Egypt,
representing domestic and wild animals and birds. The tombs
of Ancient Egypt contain abundant representations of animal
life. In spite of the artists' ignorance of perspective and oc-

casional faulty colouring, the outlines are rendered with re-

markable fidelity to nature, often enabling the species to be
identified. Among domestic animals, the dogs are perhaps the

most interesting, as showing that extreme development of

various breeds had already taken place. The monuments from

which the drawings exhibited were copied are of two periods :

—

(i) Tombs at Beni Hasan, of the Xllth Dynasty {ciixa

2000 B.C.); (2) the Tomb of Ptah-hetep at Saqqareh, of the

Vth Dynasty {circa 3000-2500 B.C.).

Prof. A. C. Haddon, F.R.S., showed specimens illustrating

the decorative art of the Sea Dayaks of Sarawak. The carved

and painted designs of the Dayak men are entirely different

from the woven and embroidered patterns made by the women.
The former are chiefly plant derivatives, while the latter are

mainly greatly modified animal forms. The significance of the

distinction and thejreal meaning of the patterns themselves are not

yet elucidated. The method by which the women make the

patterns in their woven fabrics was also illustrated. The warp
is stretched on a frame, and numerous strands are tied tightly

with strips of leaves ; the whole is removed and then submerged
in a dye. The lashing is then undone, and the tied-up portions

are found to be undyed. The whole process is repeated if a

three-colour pattern is required.

Ethnographical objects from Malay Peninsula (Malay and

Sakai) were shown by Mr. W. W. Skeat. The phonographic

records of songs of the Pangan tribe, a wild aboriginal tribe of

Negrito stock, received much attention.

A collection of anthropometric instruments was shown by

Dr. J. G. Garson.

The Royal Geographical Society exhibited a section cut from

the tree on Lake Bangweulu, Central Africa, under which
Livingstone's heart was buried, and containing the inscription

carved by his native followers.

In the course of the evening, short discourses and demon-
strations were given by Sir Andrew Noble, K.C.B., F.R.S., on
modern explosives ; Dr. Arthur W. Rowe, on the photomicro-

graphy of chalk fossils by reflected light ; and Mr. F. Enock,

on photographs from living insects, showing the metamorphoses
of one of the Odonata.
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UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Cambriik.e.—The King of Sweden and Norway was on
Monday admitted by the Chancellor to the honorary degree of

LL.D. The ceremony was witnessed by a vast assembly, and
the King gave much pleasure by his gracious bearing and
evident interest in the proceedings.

The General Board are about to appoint a lecturer in ex-

perimental physics in succession to Mr. VV. N. Shaw. Appli-

cations are to be sent to the Vice-Chancellor by May 19.

The Master of Downing and Dr. Barclay-Smith announce a

course of instruction in practical histology, to be given during

the long vacation, beginning on July 7.

The trustees of the late Miss R. F. Squire have offered the

University a sum of about 13,500/. for the erection of a law

library in connection with the new law school, and adjoining

the Sedgwick Memorial Museum. This timely benefaction will

probably facilitate the speedy erection of the the Botanical and
Medical Schools, plans for which are now under the consideration

of the Senate.

The proposal to establish a special examination in the sciences

bearing on agriculture, as a qualification for the ordinary B. A.

degree, was favourably received in the Senate on May 10, and
a grace for its adoption has been sanctioned by the council.

An examination for minor scholarships in Natural Science will

be held at Downing College in March 1901. Application for

particulars should be made to the tutor.

A VERY satisfactory side of technical education is the work
carried on in the lecture-rooms and laboratories of University

Colleges, in connection wiih Technical Instruction Comniiitees.

Two short courses of evening lectures to teachers, just arranged

by the Technical Instruction Committee of Liverpool with Prof.

Oliver Lodge anl Prof. H.-rlmin, are ins'.anjes in point. The
lectures deal with some recent developments of physical and
natural science. Prof. Lodge taking for his subject " Electric

Vibrations," and Prof. Herdman "Oceanography." The
lectures are free to teachers who can give evidence that they are

able to profit by them.

Visits to museums, and outdoor lessons, are counted as

school attendances by the Board of Education, with the result

that they are now given a definite place in the scheme of in-

struction of many schools. In a similar way, the National Zoo-
logical Park at Washington is used to place great object-lessons

before the hundreds of thousands of visitors to the national

capital from all parts of the United States. The pupils in the

public schools of Washington benefit greatly by these oppor-

tunities. It has become a part of their routine to visit, under
the care of a teacher, the Smithsonian Institution and National
Museum buildings, as well as the park ; while those outside the

city benefit indirectly through the numerous excursions of

teachers, and the stimulus and suggestion they may thus receive.

• Two new buildings in connection with the Yorkshire College,

Leeds, to be devoted to the development of clothworkers' re-

search and dyeing, &c., were formally opened, on Friday last,

by the Master of the Clothworkers' Company, Mr. A. C. Cronin.

Principal Bodington, of the Yorkshire College, the professors

and students, and mayors of various boroughs, also attended on
the occasion. It was explained that it was intended to raise the

tone of dyeing, and that the outlay on the extensions is likely to

yield a tenfold return. Mr. Cronin, in declaring the new
buildings open, expressed a hope that increased knowledge in

the industries would be the result of these extensions. At a

luncheon which followed, in responding to the toast of " The
Clothworkers' Company," he said it was the intention of the

Company that the Yorkshire College should become the first

and most complete example of a textile and dyeing school not
only in Europe, but in the world. There is now hardly any
manufacturing town of any size in Yorkshire which has not its

technical school or institute, and with which the Clothworkers'
Company has not been or is not still connected.

The medical school of the future was the subject of an
address delivered before the fifth triennial Congress of American
Physicians and Surgeons, on May 2, by the president, Prof.

H. P. Bowditch, of Harvard. According to Prof. Bowditch, we
may expect that a medical school of the first rank will, in the
immediate future, be organised and administered somewhat as

follows:— (l) It will be connected with a university, but will be
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so far independent of university control that the faculty will

practically decide all questions relating to methods of instruc-

tion and the personnel of the teaching body. (2) It will offer

advanced instruction in every department of medicine, and will

therefore necessarily adopt an elective system of some sort, since

the amount of instruction provided will be far more than any
one student can follow. (3) The laboratory method of instruc-

tion will be greatly extended, and students will be trained to

get their knowledge, as far as possible, by the direct study of
nature, but the didactic lecture, though reduced in importance,
will not be displaced from its position as an educational agency.

(4) The work of the students will probably be so arranged that

their attention will be concentrated upon one principal subject

at a lime, and these subjects will follow each other in a natural

order. (5) Examinations will be so conducted as to afford a
test of both the faithfulness with which a student performs his

daily work and of his permanent acquisition of medical know-
ledge fitting him to practise his profession.

The first official ceremony of the University of London in the
new home at South Kensington was the presentation of degrees
by the Prince of Wales on Wednesday, May 9. The University
has thus entered upon a new phase of its career. As the
Chancellor of the University remarked in his address, nothing
has been more striking within the last few years than the pro-
gress of new universities in different parts of the country. i'he

University of Wales, of which the Prince of Wales is Chan-
cellor, has been founded, and, although very young, it is

already making notable progress and will ultimately be a great
success. Besides this, there is the Victoria University, of which
Lord Spencer is Chancellor, and which has made remarkable
progress ; and also the completely new University of Bir-

mingham. What does all this mean? It means that the
country is stirred up on the subject of education ; and among
all classes and places there is a greater sense of the import-
ance of it than ever there has been before. As to the Uni-
versity of London, the Chancellor quoted figures to show the

great progress which has taken place, and made special refer-

ence to the great stimulus to the improvement of the education
of women throughout the country arising out of the action of

the University in obiaining a supplementary charter to enable
women to be admitted to the examinations. Up to the present

time the University has been only an examining body. It

has by its examinations done a good work for the education

of the people, and it has set an example which has had a
very important effect upon all the schools throughout the

country. But it is now a teaching University, and with its

large list of faculties its work will be very widespread. The
Prince of Wales then made a few remarks, in the course of

which he said :
" No one wishes more sincerely than I do

happiness and prosperity to this University ; and from all ihatt

we have heard from the Chancellor I think the University is in

a fair way of becoming one of the greatest importance, and one
that will hold its own, no doubt, with many of the others which
are of more ancient origin. I am glad to think that, as the

result of somewhat difficult, and I may say somewhat delicate,

negotiations, the London University has now found a home in

this large building, better known as the Imperial Institute, in

which, as you all know, I take a deep interest. We are very

grateful to Her Majesty's Government for all they have done,

and for having facilitated the arrangements which I hope are-

now complete. It only rests with me to express the fervent

wish that the London University will not regret having come liv

a more distant part of London, and that they will find that they

have ample room for all their requirements in this University."

—

Sir Michael Foster, M. P., then addressed those who had
received awards at the hands of the Chancellor. He reminded

them that the value of the degree was not in the degree itself,

but in the labour which had led up to it. The degree might be

the guinea stamp, but it was the work and the mental discipline;.-

which was the real gold.

SCIENTIFIC SERIALS.
Bulletin of the American Mathematical Society, April.

—

Prof, F. N. Cole summarises the Proceedings of the February

meeting of the Society, and abstracts a few of the papers com-

municated. The bye-laws were revised. By this amendment
it is provided that the ex-presidents shall be life-members of

the council, and that the presidential term of office shall be
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extended to two years.—Prof. J. Pierpont gives an interesting

account of the summer meeting of the Deutsche Mathematiker-
Vereinigung held at Munich in September of last year.—Some
theorems concerning linear differential equations of the second
order is an abstract by Prof. M. Bocher of certain results which he
communicated at the February meeting (see ^?//;'<z).—A paper by
Dr. M. B. Porter, read at the same meeting, is entitled " A note
on the enumeration of the roots of the hypergeometric series

between zero and one." It is a continuation of a note published
in the May (1897) number of the Bulletin.—Dr. J. Sommer
reviews Hilbert's "Grundlagen der Geometric," and Prof. E. O.
Lovett does the same for Koenig's " Lemons de Cinematique."

—

The longer papers read before the Society will, we presume, be
printed in the new Transactions,—The notes are very full, and
there is a fair list of publications.

Bulletin de PAcaddmie des Sciences de St. PJtersbourg, vol. vii.

No. 3.—On the rotation of Jupiter and his spots, by Th. Bredi-

khin. An analysis of the observations made by the author
himself at Moscow, and of some later observations at Pulkova.
A comparison of the times of rotation of spots situated in the
same latitudes shows that some of them are formed in the lower,

and some in the higher .strata of Jupiter's atmosphere. Prof.

Joukovsky's formula; hold good as a rule ; but a more careful

discussion shows that the law of friction must be altered ; the

latter is proportional to the square or even to a higher degree of

velocity. But it would be extremely difficult to make a theo-

retical discussion if the law be altered in this sense.—The
scientific results of the Black Sea expedition, by A. Ostrooumov :

iii. Fishes of the Sea of Azov.—Materials for the hydrology of

the White Sea and the Murman Sea (Arctic Ocean along the

Norman coast), by N. Knipovitch : i. Lists of the Observations.

\^ol. vii. No. 4 —The series of Jean Bernoulli, by N. Sonin.

—

New researches into the spectrum of )3 LyrEe and m Aquilse, by A.
Belopolsky. These new researches were made with the aid of

the 30-in. refractor of Pulkova. The spectroscopic velocities of

7) Aquilae showed a periodicity very near to the periodicity of

the variations of magnitude, i.e. 7 days 4 hours, and it was
possible to calculate its orbit. Similarly, as for 5 Cephei, it was
proved that the changes of brilliancy in r; Aquilce cannot be ex-

plained by eclipses of the star. As regards /8 Lyrae, the former
suppositions of the author are now fully confirmed. This star

represents a system of two bodies, having at any instant opposite
spectroscopic velocities, and one of the two bodies eclipses the
other during their revolutions.—Preliminary communication on
applications of Rykatschew's method for studying the relations

between rainfall and height of water in rivers, by Dr. Harry
Gravelius.—The third international balloon ascents of May i,

1897, by Ed. Stelling.— Observations of the satellites of Mars
with the 30 in. refractor at Pulkova, by F. Renz ; and on the
photographs of Mars, by S. Kostinsky.

Vol. vii. No. 5.—On the changes of pressure under the piston

of the air-pump, by Prince Galitzin. Theoretical discussion is

compared with direct observation.—Some remarks on the sensi-

bility of the eye, by the same author.—Abstract from the yearly
report for 1896 of the Central Physical Observatory, by M.
Rykatschew.—On the excretory organs of Ascaris viegalocephala,

by S. Metalnikoff.—On the routes of the cyclones over Russia
in 1890-92, preliminary communication, by P. Rybkin.

SOCIETIES AND ACADEMIES.
London.

Physical Society, May 11.—Prof. O. J. Lodge, F.R.S.,
President, in the chair.—A discussion of Prof. Lodge's paper on
the controversy concerning Volta's contact force was commenced
by Prof. Armstrong. Prof. Armstrong expressed his indebted-
ness to the president for putting forth clearly what we are trying
to understand, and said that it was hardly time for chemists to

enter the discussion when physicists themselves differed. There
has apparently been a change in front since the time when the
effect was supposed to be due either to (i) chemical action between
the metals, or {2) oxidation. Prof. Lodge's view is intermediate,
but approximates to the second. Prof. Armstrong said that
from a practical point the existence of the effect was unknown,
because sufficient precautions had never been taken to prevent
chemical jiction. He urged the continuance of experiments
similar to those carried out by Mr. Spiers, and stated that
modern ideas of chemistry were favourable to the view which
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Prof. Lodge had taken up with regard to the Volta effect.

—Mr. Glazebrook made some remarks upon the meaning of the
term E which occurs in the expression for the Peltier effect at

the junction of two metals. If we confine our attention to an
infinitesimal cycle at the junction of two metals at slightly

different temperatures, we get the equation for the Peltier effect

in which E is the potential difference at the point considered.

If then, assuming reversibility, we sum up all the infinitesimal

cycles round a circuit and get a finite cycle, the E.M.F. of the
circuit is a function of the two temperatures between which it is

working. Differentiating with respect to temperature the total

E.M.F. of the circuit, we get an equation which applies to the
circuit as a whole, and in which E is the total E.M.F. round the
circuit. Mr. Price asked if any critical experiment could be
suggested to settle the question.—Dr. Lehfeldt called attention

to some experiments which had been performed to measure the
potential difference between an electrolyte and a gas. The
electrolytes considered were chiefly aqueous solutions, and the
potential differences observed varied largely. The surface
tensions of the liquids were measured, and it was shown that the
variations in the potential difference were very similar to those
in surface tension. This suggests, in the case of electrolytes, true

physical surface effects, and not chemical action.—The chairman
remarked that Dr. Lehfeldt evidently looked upon the metal-
ether boundary as being the effective one. The experimental
evidence is not sufficient to say exactly which is the effective

contact, but it seems to show that the metal-ether effect is of the

same order of magnitude as the oxygen layer effect. According
to Helmholtz they ought to be related, and they apparently are.

—The chairman then read a paper, by Mr. J. B. Tayler, on the
heat of formation of alloys. Experiments have been made
upon alloys of lead with tin, bismuth and zinc, and of zinc with
tin and mercury. The method employed consisted in dissolving

(i) the alloy, and (2) the corresponding mixture of metals in

mercury, and measuring the heat of solution in each case. On
the assumption that the solutions obtained are identical, the
difference between the heat of solution of the mixture and
that of the alloy is the heat of formation of the latter. The
calorimeter was a thin glass tube silvered on the outside and
supported by a stouter tube silvered on the inside. Suitable

arrangements were adopted for the introduction of the metals or
alloys, which were used in the form of filings. Solution was
often complete in less than a minute, and rarely took more than
two minutes and a half. The alloys first experimented upon
contained their constituents in equivalent proportions, and the
heats of formation were found to be small in comparison with
those found for brass by Gait and Baker. It was thought that

only a small percentage of the atoms present had entered into

definite chemical combination, and that more reliable results

would be obtained by dissolving a small quantity of one metal
in an excess of the other, and calculating from the experimental
results the heat of formation of the gramme- molecular weight of

compound upon the supposition that the whole of the small

quantity of melal had entered into chemical combination by the

exercise of its normal valency. Using the numbers so obtained to

find, by Kelvin's theory, the potential difference which should exist

between the metals concerned when put in contact, results were
arrived at which agreed neither with the \'olta effect nor the Peltier

effect, but which were considerably nearer the former than the latter.

A paper on the want of uniformity in the action of copper-zinc

alloys on nitric acid was read by Dr. J. H. Gladstone. ^ Ex-
periments have been made by dissolving copper-zinc alloys in

nitric acid, following the method of Dr. Gait, and adopting the

precautions mentioned by him. The reaction between nitric

acid and these metals or alloys is very complicated, and there is

a difference between the products in the case of an alloy and in

the case of the equivalent mixed metals. The gases evolved be-

ing small in the experiments performed, attention was directed

to the determination of the substances remaining in solution, i.e.

the nitrous acid and ammonia. The alloys gave much more
nitrous acid and less ammonia^in fact, two of the alloys em-
ployed produced no ammonia. Discrepancies in results may be
due to the fact that the zinc and copper in contact form a zinc-

copper couple which in the presence of acid sets up a vigorous

action and produces a different evolution of heat. Difficulties

arise in the investigation because the alloys used may not be
definite chemical compounds, but mixtures of two or more alloys

with uncombined zinc and copper. The alloy with 38*38 per

cent, of copper appears to be fairly uniform. Different ob-

servers disagree as to the amount of heat produced by any
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reaction, but the excess of calories in a zinc reaction over those

in a copper reaction appears to be fairly constant. Starting with

640 calories, the value, according to Cialt, when copper is dis-

solved in nitric acid of sp. gr. 1*360, we should have 1357
calories when zinc is dissolved, provided the chemical action is

the same in each case. All the calorimetrical results from the

different specimens of alloys would theoretically lie upon the

straight line drawn between 604 and 1357. This is practically

so from pure copper to the copper 70 per cent, alloy, but beyond
that there is less heat produced than that indicated by the straight

line law, the maximum deviation lying at about copper 37 per
cent. The .specimen containing 38 38 per cent, copper, which
is not far from the alloy CuZn2, shows a loss of 32 calories. The
only way in which this deficit can be accounted for is by sup-

posing that the action of this alloy on nitric acid produces a
larger quantity of nitric oxide than in the case of pure copper.
But, allowing full force to this argument, it cannot account for

as much as lo calories of the deficit. There is, therefore, a
residual deficit as yet unaccounted for on chemical grounds.
The author states that it is desirable that experiments should
be conducted on the zinc-copper alloys with solvents which give

a simpler chemical action than that produced by nitric acid. The
chairman pointed out that the results obtained by Gait for an
alloy which appeared to be a chemical compound, were in close
agreement with what would be expected from the existence of

the Volta contact force. Prof. Armstrong said that the action of
nitric acid on brass or zinc and copper was a function of the
quantity of acid present, its strength, the temperature and the
pressure ; and that, therefore, it was unsatisfactory to conduct
experiments using nitric acid as a solvent. He suggested the
use of a solution of bromine in which finely-powdered zinc, cop-
per and brass are easily soluble with a simple chemical reaction.

Mr. Tomlinson pointed out that it was impossible to use the
ordinary formula for the calculation of the Volta effect from the
heat of formation of alloys, unless we know exactly the chemical
composition of the alloy which is produced. Mr. W. R. Cooper,
referring to Mr. Tayler's paper, said it was difficult to see that
anything could be proved by the application of the Kelvin theory
to a metallic contact, unless there is ground for believing that
some particular alloy of fixed composition is always formed.
There is also a further difficulty in converting heat of formation
into E.M.F. in cases where the metals have different valencies,
for there is no reason why one valency should be selected rather
than the other. Referring to Dr. Gladstone's paper, Mr. Cooper
said that it was possible that the difference in the reducing powers
of mixtures and alloys might be due to local action, which would
be more pronounced in the case of alloys. More hydrogen
would be evolved, and the reduction would lie more complete.

—

Prof. S. P. Thompson then showed an electromagnetic experi-
ment. A circular coil capable of carrying a strong current was
placed with its axis horizontal in a tank of water. Into the
tank were also placed some small magnets in sealed glass tubes
so adjusted as to have a density approximately equal to that of
water. The magnets just floated or just sank. On running a
current through the coil it was possible to "fish" for the mag-
nets, which, acted upon by the magnetic field, immediately made
their way to the coil. When the current was carefully reversed
upon the approach of a magnet, repulsion instead of attraction
took place, and the magnet retreated. In general, however,
reversal of the current produced reversed polarity in the magnet,
and attraction still persisted.—The Society then adjourned until
May 25.

Chemical Society, May 3.—Prof. T. E. Thorpe, Presi-
dent, in the chair.—The following papers were read : —The
substituted nitrogen chlorides and nitrogen bromides derived
from ortho- and para-acet-toluide, by F. D. Chattaway
and K. J, P. Orton. Hypochlorous and hypobromous acids
convert ortho- and para-acet-toluide into substituted nitrogen
chlorides and bromides, which readily undergo transformation
into the isomeric substituted toluides.—The estimation of hypo-
iodites and iodates ; and the reaction of iodine monochloride
with alkalis, by K. J. P. Orton and W. L. Blackman. The
authors' method of estimating hypoiodites is based on the oxida-
tion of sodium arsenite by hypoiodites, but not by iodates. The
initial reaction of iodine monochloride and alkalis is represented
by the equation ICl -f 2MOH = MIO -t- MCI -^ H„0 ; conversion
of the metallic hypoiodite into iodide and iodate* becomes com-
plete after twenty-four hours.—Products of the action of sulphur
dioxide on ammonia, by E. Divers. Amongst the products of
spontaneous decomposition of ammonium amidosulphite is
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found a substance of acid properties to which the author assigns
the constitution

,so,.o
NH(

-NH,
—On brazilin (iv.), by A. W. Gilbody, W. H. Perkin, jun., and
J. Yates. From a study of the reactions of brazilin and tri-

methylbrazilin, the authors conclude that brazilin probably has
the constitution

HO.C.CH:C.CO CH.CHaCrCH.C.OH

HC.CH : C.CH(OH)-CH C : CH.C.OH
—On haematoxylin (v.), by W. H. Perkin, jun., and J. Yates.
The study of the oxidation products of tetramethylhnematoxylin
leads to the view that haematoxylin ha? the constitution

HO.C.C(OH) : C.CO CH.CHj.C : CH.C.OH
II

I I I
II .

HC.CH—^C.CH.CH(On).CH C : CH.C.OH
—Note on the function of the characteristic meta-orientating
groups, by A. Lapworth.

Anthropological Institute, April 24.—Mr. C. H. Read,
President, in the chair.—Dr. W. H. R. Rivers described a
genealogical method of collecting social and vital statistics

which he had used with success when in Torres Straits with
the Cambridge Anthropological Expedition. Genealogies of
the inhabitants of Murray Island and Mabuiag were com-
piled which went back for three to five generations, and
included nearly all the families at present on those islands.

In working out these genealogies, the only terms of rela-

tionship used were father, mother, child, husband and wife,

and care was taken to limit those terms to their English
sense. The chief difficulties were the prevalence of adop-
tion in Murray Island and the custom of exchanging names
in Mabuiag. The trustworthiness of the genealogies was
guaranteed by the fact that nearly every detail was derived
independently from several informants. These genealogies
afford material for the exact study of numerous sociological
problems ; thus the system of kinship can be worked out very
thoroughly by ascertaining the native terms which any individual

applies to other members of his family, i.e. the subject can be
investigated entirely by means of concrete examples, and abstract
terms of relationship derived from European sources avoided.
The genealogies also afford material for the study of totemism,
marriage customs, naming customs, &c. By this method also

vital statistics may be collected, both of the present and the past.

The genealogies compiled in Torres Straits supply data for the
study of the size of families, the proportion of the sexes, the
fertility of mixed marriages, &c. The method has the further

advantage of bringing out incidentally many facts in the recent
history of the community, to which it gives increased definiteness

and concreteness. The paper was discussed at some length by
the President, Mr. Gomme and Dr. Japp.—Dr. A. C. Haddon,
F.R.S., exhibited a large number of lantern slides illustrating

various native industries in British New Guinea ; the photographs
were taken during the recent Cambridge Anthropological Expe-
dition. The most complete series was one showing all the
stages in the manufacture of pottery by Port Moresby women

;

other slides illustrated the manufacture of canoes at Keapara
with stone implements. Photographs were shown of the process

of pile-driving and the erection of buildings, as well as of fire-

making, and various women's industries, such as tattooing,

making string, &c.—Mr. Gowland pointed out a number of

parallels from Korea to the mode of pottery-making described
by Dr. Haddon.—The secretary laid before the meeting a brief

account of the proceedings of the Cretan Exploration Fund, and
of the discovery by Mr. A. J. Evans, at Gnossus, of a collection

of clay tablets inscribed with pictographic signs.

Paris.

Academy of Sciences.— M. Maurice Levy in the chair.

—

The President announced to the Academy the loss by death of
M. E. Grimaux, member of the Section of Chemistry.—Prepara-
tion of the )8-alkyloxy-acyanocrotonic esters, isomers of the aceto-

alkylcyanacetic esters, by M. A. Haller. The true acetyl-

alkylcyanacetic esters, CHs.CO.CRlCNj.CO.OCoH.,, have bten
prepared by Held by acting with cyanogen chloride upon the

sodium derivative CHa.CO.CR.Na.CO.OCaHj ; the isomeric
ester of the enol form, CH3.C(OH)= C(CN).CO.OC3H5, are

obtained by first converting the sodium into the corresponding
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silver derivative, and then treating this with the alkyl iodide.

The reactions of the ester so obtained are clearly those of the

enolic ester, the alkyl group not being directly united to carbon.

—The arable earths of the Canton of Redon from the point of

view of phosphoric acid, by M. G. Lechartier. The analyses

given show how it is that certain lands in the Canton have been
successfully cultivated from time immemorial, without the use of

phosphatic manures.—Geographical positions and magnetic ob-
servations on the eastern coast of Madagascar, by M. P. Colin.

The latitude and longitude of Vatomandry and Mahanoro have
been redetermined, and also the values of the magnetic elements
at those places. The results show that the existing maps require

correction in some respects.—Prof. Burdon-Sanderson was
elected a Correspondant for the Section of Medicine and
Surgery in the place of the late Sir James Paget.—Positions
of fundamental polar stars determined at the Observatory of

Lyons, by M. Y. Gonnessiat.—Shooting stars observed at

Athens during the year 1899, by M. D. Eginitis.—On the
method of Neumann and the problem of Dirichlet. by M. A.
Korn.—On an application of the method of successive approxi-
mations, by M. A. Davidoglou.—On the distribution of prime
numbers, by M. Helge von Koch.—On gas engines, by M. L.

Marchis. A reply to the criticisms of M. Witz.—An electrically

driven pendulum, by M. Ch. Fery. The mechanism described is

arranged so as to leave the pendulum as far as possible uncon-
strained.—The heat of neutralisation of hydrogen peroxide by
lime, by M. de Forcrand.—Solubility of a mixture of salts having a
common ion, by M. Charles Touren. The curve showing the
relation between the solubility of potassium bromide in solutions

of potassium bromide of different concentrations is not coin-

cident with the corresponding curve for potassium nitrate and
chloride. Hence the law proposed by Nernst, that equivalent
SDlutions of nitrate and bromide should lower the solubility of
the chloride to the same extent, is not verified. The author
motes as an interesting application of the phase rule that the
study of the solubility of a mixture of salts may show that they
:are isomorphous, when direct proof may be difficult.—The
-action of phenyl isocyanate and of aniline upon some 7-ketonic
acids, by M. T. Klobb.—Some new compounds of antipyrine
•with mercury halides, by MM. J. Ville and Ch. Astre.—On
acetylphenylacetylene and benzoyl-phenylacetylene, by MM.
Ch. Moureu and R. Delange. Acetyl-phenylacelylene is

quantitatively decomposed by alcoholic potash into phenyl-
acetylene and potassium acetate ; benzoyl-phenylacetylene re-

acts differently, acetophenone being produced.—On the stability

of siccharose solutions, by M. Q^lchsner de Conmck.—Study of
the hydrolysis of fibrous tissue, by M. A. Elard. The fibrous

tissue of beef, hydrolysed with sulphuric acid, gives a poly-

saccharide, but practically no leucine.—On some fresh-water
Palaeinonidae of Madagascar, by M. H. Coutiere.—On a new
edible tuber from the Soudan, the Ousounify, by M. Maxime
Cornu. The Ousounify is a tuber resembling the potato in

taste, which is cultivated and sold in the Soudan. It is a
labiate, and is provisionally named Plectranthus Coppini.. It

'has the advantage over the potato that it can be grown in a truly

tropical climate.—On the mineralogical composition of the
teschenites, by M. A. Lacroix. The hornblende teschenites of

Madagascar are analogous, both in structure and mineralogical
composition, to the teschenites from Portugal and the Pyrenees,
but they contain the nepheline intact. The teschenites from
both regions were probably originally identical from the

mineralogical point of view.—On the excitement of the electrical

nerve of the gymnotus by its own current, by M. Mendelssohn.
The electric nerve of the torpedo fish may be excited by its own
current.—On the southern aurora observed during the wintering
of the Belgian Antarctic expedition.—Barometric deviations

produced on the parallel on successive days of the synodic
revolution, by M. A. Poincare.

DIARY OF SOCIETIES.
THURSDAY, May 17.

Royal Society, at 4.30.—The Circulation of the Surface Waters of the
North Atlantic Ocean : H. ^f. Dickson.—(i) On Cerebral Anaemia and
•he Effects which follow Ligation of the Cerebral Arteries ; (2) The In-
fluence of Increased Atmospheric Pressure on the Circulation of the
Blood. Preliminary Note : Dr. Leonard Hill.—Contributions to the
Comparative Ariatomy of the Mammalian Eye, chiefly based on Ophthal-
moscopic Examination : Dr. Lindsay Johnson.

RovAL Institution, at 3 —A Century of Chemistry at the Royal Insti-

tution : Prof. J. Dewar, F.R.S.
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t 4.30.—The Freshwater Fishes of Africa: G. A.

Section), at 4.30.—The Industrial Development

-Alternating Current

Zoological Society, a
Boulenger, F.R.S.

Society of ARTs(Indian
of India : J. A. Balnes.

INI5TITUTION OF ELECTRICAL ENGINEERS, at 8.-

Induction Motors: A. C. Eborall.

Chemical Socif.tv. at 8.—Chlorine Derivatives of Pyridine. VI. The
Orientation of some Aminochloropyridines : W. J. Sell and F. W.
Dootson.

FRIDA Y, May i8.

Royal Institution,. at 9 —The Structure of Metals: Prof. J. A. Ewing,
F.R.S.

Epidemiological Society, at 8.30.

SATURDAY, May 19.

Royal Institution, at 3. —South Africa : Past and Future: Dr. Alfred
Hillier.

MONDAY, May 21.

Society of Arts, at B.^The Incandescent Gas Mantle and its Use :

Prof. Vivian B. Lewes.
Royal Geographical Society, at 3.—Anniversary Meeting.
Victoria Institute, at 4.30.—Ethics : Rev. Dr. Wace.

TUESDAY, May 22.

Royal Institution, at 3.—Brain Tissue and Thought : Dr. A. Hill.

Zoological Society, at 8.30.—On the Development of the Skeleton of
the Tuatera, Sphenodon (Hatteria) punctatus : Prof. G. B. Howes,
F.R.S., and H. H. Swinnerton.—On Crustaceans from the Falkland
Islands collected by Mr. Rupert Vallentin : Rev. T. R. R. Stebbing,
F.R.S —The Significance of the Hair-slope in certain Mammals: Dr.
Walter Kidd.

Royal Photographic Society, at 8.—Hydroquinone .and Colour Im-
pressions : Alfred Watkins.

WEDNESDA Y, M.\y 23.

Society of Arts, at 8.— Salmon Legislation : J. Willis-Bund.
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THE SCIENCE OF BACTERIOLOGY.
The Principles of Bacteriology. By Dr. Ferdinand

Hueppe. Authorised translation from the German by

Dr. E. O. Jordan. Pp. x + 467. (Chicago : The Open
Court Pubhshing Company. London : Kegan Paul,

Trench, Triibner and Co., Ltd., 1899.)

IN order to fully appreciate the aim and object of the

talented author of this work, it is necessary to quote

a few passages from his preface. Prof. Hueppe points

out that the natural history side of bacteriology has in

the past been kept too much in the foreground, while the

scientific side has been relegated almost exclusively to the

sections dealing with protective inoculations.

"This mode of treatment," continues the author, "no
longer suffices to meet a growing and legitimate demand.
In this book I wish to present an attempt at a critical

and comprehensive exposition of bacteriology, basing it

clearly and solidly upon scientific conceptions. I make
this essay in order that our knowledge of the causes of
putrefaction, fermentation and disease, together with the
methods of the prevention and cure of infection, may
develop in a way free from all ontology. It is sometimes
of use to restate things which are axiomatic. The
• entities' or ' essences,' which, even in the age which has
discovered the law of the conservation of energy and the
evolution of living things by means of the struggle for

existence, still haunt the mind of the physician who
remains sunk in the ontological contemplation of diseased
cells and disease-producing bacteria, are a mere remnant
of priest medicine, and can have no place in any scientific

conception of biology, pathology or hygiene."

The first chapter (pp. 1-49) in the book deals with
" The structure of bacteria." No greater authority on

this subject than the author could be named
; yet, m

view of the highly important questions discussed in

Chapters iv.-vii., one is led to doubt whether this portion

of the book is not a little out of keeping with the scope

of the work as a whole.

The "Vital phenomena of bacteria" are discussed in

Chapter ii. (pp. 50-138). Although the subject is most
ably dealt with, most of the information given may be

found in nearly every text-book of bacteriology. Con-

sidering the important character of the rest of the book,

this chapter seems unduly long.

In Chapter iii. (pp. 146-219) a brief description of the

most important pathogenic bacteria is given. Here the

author paves the way for the discussion of the important

questions which crop up later in the book. It is curious

to note that Prof. Hueppe, although considering that the

evidence is most in favour of B. typhosus and B. coli

cotnmunis being two distinct species, is by no means
dogmatic on the point. Thus he says, on p. 193 :

—

"There are, in fact, at present two opposing views.
The one,which to me seems to be the better founded, is that
the bacteria of typhoid fever and B. coli communis are
two distinct species. The other view is that the common
intestinal saphrophyte, B. coli communis, is an asco-para-
site which, under special conditions, may become able to
mvade the body and penetrate into the living organism,
where it undergoes transformation into the typhoid
bacterium."
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At the end of this chapter Mr. Jordan contributes a

brief rhume of Sanarelli's recent papers upon yellcnv

fever. The summary is concisely and well written, and

enables one to comprehend without difficulty the extent

and value of Sanarelli's researches. The remaining

chapters are full of originality, and invite most careful

reading and serious attention.

In Chapter iv. (pp. 221-274) the "Cause of infectious

disease " is discussed with conspicuous ability. The
author endeavours to show what is false and what is

scientifically tenable in the different conceptions of the

true and sufficient cause of epidemic disease upheld by

such authorities as Koch, Virchow and Pettenkoffer.

" Virchow finds an internal cause in the diseased cells
;

his opponents see an external cause in the germs that

bring about the disease ; and Pettenkoffer sees a cause in

those external conditions which play no particiilar role

either in the eyes of Virchow or in those of Virchow's chief

opponents."

If the writer does not altogether succeed in his object,

he at all events widens our horizon of thought to an

extent which is quite remarkable. It will not be out of

place to quote a single paragraph

—

" If the facts are considered in a scientific spirit

rigorously and without prepossession, it is seen that the
sum of the qualities of a disease germ is only apparently
the ' essence ' of an infectious disease, that, in reality,

here as elsewhere, a true internal cause is to be found,
inherent in the internal organisation of man. Just as in

all natural processes, without exception, so here, the
disease germs act as liberating impulses, and are able to

set free only what in the form of a predisposition toward
disease is in some way prefigured both in nature and
amount in the human body."

In Chapter v. (pp. 275-294) the author asks the ques-

tion
—

" Can disease be cured by combating the cause ?
'

In speaking of Hahnemann's doctrine of the value of

small doses, the author passes the following criticism on

homcKopathy :

—

" Even the childish extravagance which found vent in

homoeopathy could not impair the sound kernel of truth

which the doctrine contained."

.A.lthough Prof. Hueppe's whole book ought to be read

by all those physicians who are modest enough (happily,

the great majority) to believe that there is something still

to be learnt in the theory and practice of medicine, this

chapter is especially full of suggestions and original obser-

vations, which the thoughtful practitioner would do well

to study.

Chapter vi. (pp. 295-397) treats of " Immunity, pro-

tective inoculation, and curative inoculation." It is,

perhaps, the most important chapter in the book, and it

is impossible in the limits of this notice to do the author

full justice. It may, however, be said that it deals with a

most difficult and complex subject in a way that is to be

highly commended. That it is " stiff" reading cannot be

denied, but that is not the fault of the writer, but of the

subject. A careful perusal of this portion of the book
will well repay the physician as well as the bacteriologist.

The " Prevention of infectious diseases by combating

the cause of the disease " is the text of Chapter vii. (pp.

398-439). Here we are not altogether in sympathy with

the writer, although his views are clearly and forcibly

, E
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expressed, and are in the main in touch with the teachings

of modern sanitarians.

It is to be regretted that in this chapter the author

allows his personal antagonism to Koch's doctrine of

disinfection to weaken his arguments and conclusions.

That the followers of Koch sometimes carried disinfection

too far does not detract from the value of Koch's original

observations.

Prof. Hueppe lays peculiar stress on the importance of

making infectious disease impossible by removing the

predisposition to disease, but he scoffs at the idea of

combating disease by warring directly with the germs of

disease. Although there is a great deal to be learnt from

this chapter, it seems a pity that so able a writer should

have marred his own work by a captious criticism of

Koch's able investigations.

The last chapter (pp. 440-455) deals with the " History

of Bacteriology." Ably written though it is, it, like the

first chapter, appears to be foreign to the general scope

of the book.

In summary of the book as a whole, it may be said

that it affords more ground for serious thought and

reflection than perhaps any of the works on bacteriology

hitherto published. The original and able manner in

which the author attacks biological problems of great

difficulty and complexity deserves all praise, and we can

cordially recommend the book, not only to bacteriologists

pure and simple, but also to those physicians who recog-

nise the limitations of medical science.

Much praise is due to the translator. Mr. Jordan's

worth as a bacteriologist is well known and fully appre-

ciated. By giving us this translation of Hueppe's work

he has added to his reputation. A. C. Houston.

SUNSHINE AND WINE-GROWING.
Vinificatton dans les Pays chatcds—Algcrie et Tunisie.

Par J. Dugast. Pp. 281 ; 58 figures. (Paris : Carre

et C. Naud, 1900.)

ACCORDING to the preface, valuable scientific and
technical works on the production of wine in tem-

perate climates have been published both in France and
elsewhere ; but so far the special problems which are

encountered by wine-growers in the warm climates of

such countries as Algeria and Tunis have remained un-

noticed. The present work is intended by the author

to fill this blank. But although it has been written

specially with a view to describe the difficulties peculiar

to wine-making in a warm climate and the means of over-

coming them, the author has done more than this, for he

has found it advisable, in order to make his purpose

quite clear, to embody his special subject in a general

scientific and technical description of wine-making. As
he has had very considerable practical and scientific

experience in his subject, the result is a work well worth

the attention of all interested in the making of wine.

The most common difficulty of the Algerian wine-

grower, and one which is very rare in the more temperate

climate of France, is due to the must, or grape juice,

very frequently containing too little acid and too much
sugar as a result of very active plant assimilation induced

by excessive solar radiation. Deficiency of acid is apt
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not only to affect injuriously the flavour of the resulting

wine, but also to induce unsoundness ; the latter effect

being caused by the low acidity of the wine favouring

the growth of injurious bacteria, which the higher acidity

of a normal wine tends to inhibit, owing to the well-

known fact that an acid medium is unfavourable to the

development of most ferment bacteria.

The means employed to remove the difficulty of want

of acidity, which are described by the author, let us into

secrets of wine-making which some may perhaps be in-

clined to think border on sophistication. Plastering is

one which is undoubtedly objectionable. It consists in

adding calcium sulphate to the crushed grapes, which

results in the formation, from the cream of tartar present

in the must, of sulphate of potash. But this method,

though evidently made use of by many wine-growers, is

condemned by the author, and also discouraged by the

French law, which limits the amount of sulphate of potash

to two grammes per litre.

Other methods for increasing the acidity of the must

are : crushing a certain quantity of unripe sour grapes

with the ripe ones ; the addition of tartaric acid to the

must previous to fermentation ; and sprinkling the grapes

in the wine-press with, what the author styles, di-calcic

phosphate. The latter treatment is said to result in the

formation of acid phosphate of potash, a salt considered

by the author to be less objectionable than sulphate of

potash.

Excess sugar in the must acts detrimentally by throw-

ing too much work on the yeast, which is itself apt to

be crippled in the hot climate of Algeria by an exceed-

ingly high fermentation temperature. Mention is made
of the fermentation temperature at times rising to up-

wards of 115° F.—which in itself is sufficient to arrest

the fermentation functions of most yeasts.

About 20 per cent, of sugar is considered the most

favourable amount for a wine must to contain, and if the

saccharometer shows that 'it exceeds this amount, the

best remedy appears to be the simple and inexpensive

use of the pump.

An interesting point, about which much has been said

of late years, is raised by the author when he deals

with the question of the use of pure selected yeasts in

the fermentation of wine. It has been advanced by cer-

tain upholders of this system that the characteristic

flavour or bouquet of most well-known wines is produced

in the main by the variety or species of yeast natural

to the grapes of the district, and that, if pure cultures

of such yeasts are made use of in the fermentation of

foreign musts, the flavour of the resulting wines assume

the character of the wines of the district from which the

yeasts were obtained.

The idea is evidently one of the greatest importance

to the wine industry, as it holds out hopes of improving

the wine of poor districts into something like, let us say^

first quality clarets or Burgundies. The author of this

book states that selected yeasts have been much used

by the wine-growers of Algeria, and he claims to have

had ample opportunities for studying the results. The
conclusion he arrives at is that the yeast from a noted

growth of wine, when added to an ordinary must, is

quite powerless to confer on it the special qualities of

the wine from which it comes ; and he further concludes
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that yeast has little, if any, influence on the bouquet of

wine. The true character of a wine, he maintains, is due

to numerous factors, among which the variety of grape

and the character of the soil and climate preponderate ;

if the yeast does produce any flavour, it is indistinguish-

able among these.

If, however, the author passes adverse judgment on

selected yeasts regarding their power of conferring flavour?

he does not do so with regard to their use for setting up

a rapid and healthy fermentation in wine must. For

this purpose he advocates their use warmly, but insists

on the employment of a selected indigenous yeast as

more calculated to be in harmony with the environment

than if it was derived from a foreign source.

The valuable results which have accrued from Emil C.

Hansen's remarkable studies on yeast have already led

to so many successful results in technical practice, that

we still feel inclined to suspend judgment regarding the

non-eflficiency of wine yeast in the matter of flavour until

M. Dugast's interesting observations are confirmed in

other quarters.

In conclusion, we call special attention to this book
as likely to be useful to our Colonial wine-growers of

Australia and the Cape ; the climate of these countries

is somewhat similar to that of Algeria, and no doubt

some of the special difficulties discussed in this book are

also met with in these countries. A. J. B.

THE FAUNA OF THE SHETLANDS.
A Vertebrate Fawia of the Shetland Islands. By A. H.

Evans and T. E. Buckley. Pp. xxix -f 248. (Edin-

burgh : D. Douglas, 1899.)

A LTHOUGH it would be too high a meed of praise

•* * to say that the authors have done for the Shet-

lands what Gilbert White did for Selborne (the systematic

treatment of the fauna not being favourable to colloquial

writing), there is no doubt that they have succeeded in

producing a very interesting volume, and one which

should be indispensable to every visitor to the most

northern group of the British Islands, whether or no he

be specially interested in birds. For in place of restrict-

ing themselves to a detailed account of the various

members of their vertebrate fauna, Messrs. Evans and

Buckley have furnished a very interesting description of

the more striking physical features of these islands,

together with numerous notes on the people and their

mode of life. But perhaps the most generally attractive

feature of the work will be the exquisite views of Shet-

land scenery with which it is adorned ; these illustrations

reflecting the highest credit alike on the photographer

and on the artist responsible for their reproduction in the

present form. In introducing these scenic pictures, in

place of figures of the birds recorded as members of the

fauna, the authors have undoubtedly exercised a wise

discretion. In only one instance have they made a

natural history object the chief feature of an illustration
;

the one exception being the beautiful plate of the nest

and young of the great skua—a bird of all-absorbing

interest to the naturalist in the Shetlands.

And here it is proper to mention that the volume

before us forms a part of the vertebrate fauna of Scot-

land, of which several volumes by Messrs. Harvie-Brown
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and Buckley have already appeared. It seems that

Mr. Evans, who has an extensive personal acquaintance

with the Shetlands, had an idea of writing an indepen-

dent work on its animals. The securing his services as

a contributor to the larger undertaking will commend
itself to all.

After devoting fifty-four pages to a well-written descrip-

tion of the physical features of the country, the authors

proceed to their proper subject—the detailed account of the

vertebrates, which includes both the terrestrial and the

marine forms. In the classification of the birds they

follow in the main the scheme of Mr. H. Saunders, and

though they suggest that some amendments might per-

haps have been made had it not been for the sake of

uniformity with the " Fauna of Orkney," yet we are glad

to know from his volume in the Cambridge " Natural

History" that Mr. Evans, at least, is no friend to the

plan of unnecessarily multiplying the genera of British

birds, nor to the " Scomber scomber''^ principle.

In the classification of mammals, especially when we
note the statement that Mr. Eagle Clarke has carefully

revised the proofs, it is somewhat surprising to find the

narwhal included among the Physeteridae. Neither do
we see the necessity of regarding the rorquals as the

representatives of a family by themselves. But, alto-

gether apart from such trivial details, we must take

exception to the practice of including introduced species

among mammalian faunas. In the present instance the

authors note five species of rodents as belonging to

the Shetland fauna, whereas only one of these

—

Mus syl-

vaticus —\s really indigenous. The trouble such methods

cause to those who have occasion to write on the geo-

graphical distribution of animals is best known to them-

selves. If introduced forms are mentioned at all, their

foreign origin ought to be indicated in such a manner
that it will catch the eye of the reader at the first glance.

In the case of birds, such as the ruff, which but rarely

visit the islands, some conspicuous notification of the

fact would likewise be advantageous, although we are

ready to acknowledge that the line between regular

visitors and accidental stragglers is very hard to draw.

The above mention oi Mus sylvattcus—ih& long-tailed

field-mouse—reminds us that one of the most important

objects of histories of island faunas is to point out

whether the indigenous animals are in any way distinguish-

able from those inhabiting the nearest mainland. In the

case of birds of strong flight such differences are not

likely to occur, but they should be looked for in birds

that never leave their island home, and in the indigenous

mammals. On the special characters of the Shetland

field-mouse the authors are silent, which in view of Mr.

Barrett-Hamilton's recent recognition of a peculiar repre-

sentative of this type in St. Kilda is distinctly to be

regretted. In the case of the common wren, which has

likewise a peculiar local race in St. Kilda, the authors

state that the Shetland form differs to a certain extent

from the one found on the Scottish mainland, although not,

in their opinion, sufficiently so as to be entitled to be re-

garded as representing a distinct race. If this be so,

and the field-mouse be indistinguishable from the main-

land form, it suggests that the Shetlands have been

separated from the mainland at a later date than have

the Hebrides ;—but this is just one of the cases where
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we should have liked a well-considered opinion from the

authors !

In an area like the Shetlands the great interest, from a

faunistic point of view, centres on the birds ; and among

these the great skua holds the foremost place, since its

only British breeding-stations are on these islands. So

much has been of late years written on this subject, both

in newspapers and in ornithological journals, that it is

one with which the public are tolerably well acquainted.

Nevertheless, the account given by the authors of the

almost complete extermination of this fine species, and

its subsequent rehabilitation by the efforts of various

members of the Edmonston family and Mr. Scott, of

Melby, will be read with interest, and forms a concise

summary of the whole affair. We should, however, like

to know more with regard to the meaning of the statement

that " protection for the skuas implies some measure of

protection also for the gulls ; but unless the latter greatly

increase, the former cannot be expected to do so."

Some interest also attaches to the specimen of the

collared pratincole killed by Bullock in 18 12, as being

the only example of the species hitherto shot in North
Britain. In the fourth edition of "Yarrell" the skin is

stated to be in the British Museum, but the investigations

of the authors fail to confirm this statement.

Greater attention is, however, merited by the account

of the nesting of the storm petrel, which sometimes lays

its eggs among large stones on the shore, and in other

cases selects deserted rabbit-burrows for its home. The
crofters, knowing the value set on the eggs of this bird

by collectors, and being likewise extremely partial to

young petrels as a bojtne boiicke, are extremely reluctant

to indicate the rabbit-holes in which the birds nest to

strangers.

To many it will come as a surprise to learn that ravens

are still common in the islands ; so numerous, indeed, as

in certain districts to prove very destructive to the

poultry and stock, on which account war is waged
against them by the crofters. In contrast to the abund-
ance of these birds is the scarcity of rooks, which are,

indeed, little more than casual visitors to the islands.

The weakest point about the book is undoubtedly, as

the authors themselves are fain to confess, the section on
fishes, the classification followed being altogether obso-

lete and discredited. R. L.

PHYSICAL CHEMISTRY.
Introduction to Physical Chemistry. By James Walker,

D.Sc, Ph.D. Pp. X + 332. (London : Macmillan
and Co., Ltd.)

T T is now nearly ten years since Prof Walker placed
-*- English students under obligation by his admirable

translation of Ostwald's "Outlines of General Chemistry."

Since that time " little Ostwald " has been the source

from which most students have taken their first draught

of information about physical chemistry in its modern
form. The phrases and paraphrases of the book, the

diagrams, the perpetual motions " which are impossible "

have become almost painfully familiar to the examiner.

The present writer is one of those who believe that
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Ostwald's book has been of the highest service to

chemistry. At the same time, it must be admitted that

it is one to be used with care. There is an illusory

appearance of simplicity about it, and if care be not

taken the use of the book is eminently calculated to lead

to a learned smattering. It is, in fact, a book which

forms the summary of a course of instruction, and for

beginners it must be supplemented by an extended

commentary by an experienced teacher.

These observations arise inevitably in connection with

Prof Walker's new book, which, in size, appearance and
typography, as well as in its topics, bears so striking a

resemblance toOstv/ald's "Outlines." The first question

that the reader will ask is—Where lies the difference

between the two books ? This question is soon answered
as one reads ; Prof. Walker's book is more limited in

range and incomparably simpler. To quote the author's

words, it " makes no pretension to give a complete or

even systematic survey of physical chemistry" ; the aim
is to give a full discussion of some of the chief principles

of modern physical chemistry, and to show their appli-

cation to ordinary laboratory chemistry.

Dr. Walker has achieved his purpose in a most satis-

factory manner, and has produced a book which will be
a real boon to students of physical chemistry. He writes

with the knowledge of a specialist and the experience

of a teacher, and it is very striking to any one who
knows the difficulties of students to see how perfectly

Dr. Walker appreciates them. Not less striking are

the expository power and resourcefulness with which the

difficulties are handled. Whilst the whole book is clear,

readable, and abreast of the times, some chapters deserve

special attention. The one on chemical equations is

amongst these. It gives a rational account of the art of

constructing chemical equations by dissection and summa-
tion, a subject which has been strangely neglected by
text-book writers. The chapter on fusion and solidifica-

tion is made very clear by a thorough discussion of the

mutual relations of salt, ice and water. The wide
generalisation, or group of generalisations known as the

Phase Rule, is expounded within reasonable limits.

Hitherto there has been nothing concise on this subject

in the English language. The chapters relating to the

modern theories of solution are, it need scarcely be said,

written with fulness of knowledge and in the spirit of

a true believer in the doctrine of electrolytic dissociation^

Chemical dynamics is treated succinctly, and admirably

illustrated by examples. There is a distinct gain h^re

in departing from the strict historical development of the

subject, which is apt to confuse beginners by the series

of fresh starts which it involves. The concluding chapter

on thermodynamical proofs is made as clear as it well

could be. At the end of each chapter references are

given to original articles which have appeared in English

journals and to English books. The list of these is

quite gratifying, but the wisdom of confining the refer-

ences to English publications seems questionable. The
extraordinary backwardness of students m acquiring a
reading knowledge of German is condoned by such a
restriction ; and, besides this, it would have been a
service to many students who have some knowledge of

the language if Dr. Walker had helped them to select
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the really important pioneering papers from the vast

periodical literature that has arisen in Germany during

the past ten years.

In concluding this notice, one is naturally led to re-

flect upon the attitude which appears to be still main-

tained by a number of English chemists in regard to

the modern theories of solution. There can be no doubt

that a student reading Dr. Walker's book will become

imbued with these theories, and will acquire convictions

that will be difficult to eradicate. If these theories are

wrong, if they are even strongly suspect, the responsi-

bility of the teacher becomes serious It is true Dr.

Walker gives here and there some indications of the

objections which have been urged against them, but

there is no explicit statement of the opposition case.

The question arises whether an opposition case can be

explicitly stated. The theory of ionic dissociation has

been applied to explain and co-ordinate a very large

number of chemical facts, and has thrown light on

matters that were previously dark. The contention of

the objectors appears to be mainly that this light is

illusory. The present writer is far from claiming judicial

functions in the matter ; but he ventures to think that

the opposition to the dissociation theory would be more

respected, both here and on the Continent, if it were of

a more positive character, and if a more tangible alter-

native theory could be presented which should prove

itself not less comprehensive and practically productive

than the one which is assailed. The history of science

shows plainly enough that a comprehensive theory with

some weak points will hold its ground until a not less

comprehensive theory with fewer weak points makes
its appearance. It is probably on this ground that Prof

Walker takes his stand in freely imparting the doctrine

of electrolytic dissociation to elementary students of

physical chemistry. ARTHUR Smithells.

OUR BOOK SHELF.

Catalogue of the Lepidoptera Phalacnae in the British
Museum. Vol. ii. Catalogue of the Arctiadte (Nolinee,

Lithosianre) in the collection of the British Museum.
By Sir George F. Hampson, Bart. Pp. xx -f 589, and
plates xviii-xxxv. (London : Printed by order of the
Trustees, 1900.)

The first volume of this series, containing the Syntomidit^,

was published in 1898, and we have now to welcome the
appearance of the second, comprising two groups, which
the author treats as sub-families of the Arctiadae ; the
typical Arctianic being reserved for the third volume.
1 193 species are described in the second volume, all of
which, except 162, belong to the Lithosianae, the Nolinae
being a comparatively small sub-family.
The enormous extent of the insect-world is but little

realised, even by naturalists, unless they are entomo-
logists ; but, considering the progress already made, we
are probably well within the mark in saying that it may
well take fifty volumes, and the whole of the new century,
to complete the Catalogue before us ; and yet the moths
are only a portion of one of the seven principal orders of
insects, and one which is probably far surpassed in

number of species by at least three other orders.

The descriptions of the species are necessarily brief,

but are arranged on a uniform plan which admits of easy
comparison ; and their determination is further facili-
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tated by comprehensive tables of genera and species, and
by the large proportion which have been figured, either

in the crowded coloured plates, or in text-illustrations.

We are glad to see that space has been found for notices

of larvjE, when known. Space has also been devoted to

phylogeny ; but it is, perhaps, an open question whether
it is worth while to deal with this subject in a descriptive

work at all. At best, it can only express the momentary
and necessarily fluctuating opinions of an individual author
on the affinities of genera and species from the very im-

perfect materials at present available ; for until the earlier

stages of a considerable number of forms have been care-

fully studied and tabulated for comparison, it is impossible
for us to judge of them completely or accurately. We
would therefore prefer to treat this branch of the subject

tentatively, in ephemeral publications, rather than to intro-

duce a necessarily fluctuating factor, of merely temporary
value at best, into a standard work of reference, of such
great and permanent value to all lepidopterists as the

present. We must also object to the author's tendency
to dogmatise on the subject, especially as our knowledge
of fossil insects is at present practically nil, and of the
early stages of the great majority no better. Such a
phrase as [the Arctiada; form] "a family of moths de-
rived from the Noctuid^," seems to us quite out of place
in a scientific book at the present state of our knowledge

;

though a formula which we find a little further on is less

objectionable ;
" the Nolinae probably arose from a very

early Arctian form which had affinities in the Noctuidae
to Hypenae and Sarrothripae."

But these are details of individual taste or judgment;
while there cannot be two opinions respecting the value
and importance of the work. W. F. K.

Giordano Bruno, zur erinnerung an den 17 Februar,
1600. Von Alois Riehl. Zweite neu bearbeitete
Auflage. Pp. iv-f-56. (Leipzig: Engelmann, 1900.)

Early in 1600 Giordano Bruno went to the stake in the
cause of free speech and thought. The ashes of martyr-
dom have ere now kept evergreen even reputations and
names that were otherwise of little worth. But Bruno's
life and work are alike memorable. Few, however, of

those to whom the romantic wander-years and heroic

death appeal, have leisure and training to grapple with
the technical Latin and hard Italian of the versatile and
stormy Nolan. The tercentenary, therefore, of Bruno's
tragedy can have no memorial more fitting than Prof.

Alois Riehl's " Giordano Bruno." Would that it were in

English ! Dating originally 1889, Prof Riehl's brochure
has undergone revision thorough and throughout. It

puts Bruno in his right setting of time and place. It

resumes, with brevity and lucidity quite noteworthy, the

principles for which Bruno gave his life. Bruno
originated neither Copernican physics nor pantheist

metaphysics. His debt to one close forerunner at least

is not small. Yet in taking the new astronomy as a
scientific basis, and only therefrom passing to such meta-
physical conceptions as infinity and unity, while reaching
out ultimately to a monistic principle, it is Bruno and
not his precursors, physicist and revived neoplatonist,

that may claim to father modern naturalism. Prof Riehl
characterises the system as " theocentric," since nature
is, for Bruno, deus in rebus. Bruno is said to have met
the process which resulted in his condemnation by
equivocating between what he accepted secundum fidem
and what he affirmed secundum rationem. At any rate,

whatever human weakness he may have shown, he lost

no opportunity of reaffirming his principles. He recanted
nothing. He could have saved himself would he but
have prostituted his pen to apologetics on behalf of the

reigning orthodoxy. He chose not propter vitatn

Vivendi pcrdere causas. And he died a knight-errant of

the free spirit. H. W. B.
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LETTERS TO THE EDITOR.

\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any otherpart of Nature.
No notice is taken ofanonymous communications.

"^

Escape of Gases from Atmospheres.

I ASK for space to reply to Mr. Cook's letter in last week's

Nature.
There are two ways in which the rate at which gases escape

from atmospheres may conceivably be investigated, viz. the

a priori method, which seeks to determine from the kinetic

theory of gas what proportion of molecules attain the requisite

speed ; and the a posteriori method, which seeks to ascertain

from the observed effects of escape where and on what scale it

has actually taken place.

I tried the a priori method more than thirty years ago, but

had to abandon it, having satisfied myself that in the present

state of our knowledge it cannot be made to furnish a valid

investigation. I came to this conclusion upon grounds which

are fully stated in a paper of which the first part will appear in

the May number of the Astrofhysical Journal, and the second

and more important part probably in the June number. I then

turned to the a posteriori method, and endeavoured to develop

it in the memoir which Mr. Cook has criticised (see Scientific

Transactions of the Royal Dublin Society, vol. vi. {1897),

p. 305, or AstrophysicalJournal (ox ]a.nn3,ry 1898, p. 25).

Both methods, if correctly applied, should lead to the same
results ; but the a priori method, as handled by Mr. Cook and
Prof. Bryan, furnishes a different rate of escape from the

a posteriori method. In such cases there must be a mistake or

mistakes somewhere, and in the above-mentioned paper sent to

the Astrophysical Journal I have endeavoured to trace out

where the mistakes are.

The principal errors seem to be three.

The number of molecular speeds which lie between v and

v-Vdv
= N(7r + 8)^z;

where N is the number of molecular speeds whose distribution

is under consideration, ir is the probability function (in this case

Maxwell's law), and 5 may be called the deviation function, as it

furnishes the difference which exists between the actual number
and that computed by Maxwell's law. In all cases of prob-

ability laws the deviation fuction S is large when N is small

;

but when the events whose distribution is sought are independent

of one another and have causes all of one kind, then 5 becomes

inconspicuous when N is sufficiently large, and the distribution

law may iti such cases be reduced to '^irdv without sensible

error. This reduction, however, is not always legitimate when,

as in gases, the events are so associated with one another and

with other agencies that cumulative effects can arise. Then S

may become larger than ir in reference to those values of v

which make ir small. The first omission seems to be the omis-

sion to take this into account.

Another omission is the omission to take the size of the

element of volume dxdydz into account. This, as experiment

shows, may at the bottom of the earth's atmosphere be as small

as the cube of one-tenth of a millimetre. But in the regions

from which the escape of gas is possible, it has a volume of

many cubic miles. This circumstance, which largely increases

the opportunity which molecules have of escaping from that

situation, has not been taken into account.

But perhaps the most serious error is overlooking the fact that

Maxwell's law holds good only of a portion of isotropic gas

surrounded by similar gas. That the gas shall be isotropic is

one of the data employed by Maxwell in his proof of the law.

Another law (which may be, and in fact is, very different from

Maxwell's) is the law of distribution of the molecular speeds in

a portion of gas as anisotropic as that of the regions from which

the actual escape takes effect. The deductions from Maxwell's

law may be correctly derived, but the premiss being wrong the

conclusion has no significance.

It would be very satisfactory if we had two ways—the

a priori method as well as the a posteriori—of investigating

the problem; but with our present limited knowledge of

molecular physics, this does not seem to be within our reach.

Mr. Cook at the end of his letter supposes that "the dis-

covery by Ramsay of helium as a constituent of our atmosphere

only tends to confirm the results of my (Mr. Cook's) calculations

of the impossibility of its escape." This is so far from being
the case that the quantitative determinations made in Prof.

Ramsay's laboratory are now sufficiently advanced to lead with
much increased emphasis to the opposite conclusion. This
appears from the following data, which have been generously
placed at my disposal by my friend. Prof. Ramsay :

—

(i) The proportion by volume of argon in dry atmospheric
air is about i per cent, of the whole, the volume of neon (to

which the present note will not further refer) may be taken as

about a thousandth part of the volume of argon, and the volume
of helium as about i/io to 1/20 of the volume of neon. Ac-
cordingly, the volume of helium in dry air is something like

from 1/10,000 to 1/20,000 of the volume of argon, or from
1/1,000,000 to 172,000,000 of the whole volume of the air.

(2) Both argon and helium are supplied to the atmosphere
by hot springs ; argon generally by all hot springs which contair>

atmospheric gases, and helium by some of them.

(3) The argon in such springs, like the oxygen and nitrogen,

may be simply gas which had previously been removed from
the atmosphere by water. A litre of water under ordinary
conditions will absorb about 45 c.c. of the oxygen of the air in

contact with it ; about 15 c.c. of its nitrogen ; about 40 c.c. of

its argon ; and about 14 c.c. of its helium.'

Hence in rain we should expect to find the following pro-

portions preserved :

—

20'9 , ^
Too

^4-5 of 0,;

Sx-SofN,;
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tt thus appears that the recent more exact determinations

have raised what was probable when I wrote my memoir into

being now almost certain, by showing with greatly increased

clearness

—

(1) That argon is unable to escape from the earth.

(2) That helium is slowly escaping, and presumably was in a
position to escape more freely in the distant past.

It is interesting to observe that another moot question in

astronomy seems to be resolved by Prof. Ramsay's work. It is

known that the dynamical relation of the vapour of water to

Mars is nearly the same as that of helium to the earth. We
are accordingly now justified in presuming with greater confi-

dence that water cannot remain upon Mars, that accordingly

the polar snows of that planet are probably carbon dioxide, and
that some of the other appearances which have been observed are

due to the shifting of low-lying fogs of this vapour as they travel

alternately towards the two poles.

G. Johnstone Stoney.
8, Upper Hornsey Rise, N., May 20.

" Plotosus canius" and the "Snake-stone."

Possibly the following facts may possess interest for some of

your readers :
—

A good many years ago, when sea-bathing in the Old Straits

of Singapore {i.e. those separating the island from the Malay
Peninsula), I put my foot in a slight muddy hollow in the sandy
sea-bed ; the moment I did so, I received an agonising stab near
the ankle (from some red-hot poisoned blade, it seemed) which
drove me in hot haste ashore, where a Malay constable, on
hearing what had happened, and on examining the wound, pro-

nounced my assailant to be the " ikan sSmbilang" (sembilang
fish), Plotosus caitius, one of the siluroids, I am informed by
Mr. Boulenger of the British Museum. The fish is armed with

three powerful spines on the 'head, one projecting perpendicu-

larly from the top, and one projecting horizontally from each
side.

The Malay lost no time in running to the barracks near by,

whence he shortly returned with a little round charcoal-like

stone about the size of a small marble. This he pressed on to

the wound, to which it adhered, and remained there by itself,

without any continuation of pressure, for a minute or more.
Then it fell oft', and black blood began to flow, which, after a

little, was succeeded by blood of normal colour. The pain, which
had been excessively acute, began to diminish soon after this,

and in an hour had practically disappeared. The wound gave
me no further trouble, but a fortnight afterwards I noticed a hole
about the size of a pea where the wound had been.

Another gentleman, who, curiously enough, had suffered in

the same way in another part of Singapore the same day, was
not so fortunate in his cure, being completely laid up for six:

weeks.

The black stone applied by the Malay to the wound came,
he alleged, from the head of a snake, and claimed, therefore, to

be a bezoar stone. It was, no doubt, a snake-stone, probably
made of charred bone, and therefore porous in character, which
would account for the adhesive and absorptive powers it displayed

in my case.

In his " Thanatophidia of India," Sir J. Fayrer (quoted by
Yule in " Hobson-Jobson ") expresses entire disbelief in the

efficacy of these stones as remedies '
' in the case of the real bite

of a deadly snake," owing to the extreme rapidity with which,
in such a case, the venom pervades the system.

However this may be, the late Prof. Faraday, after exami-
nation of one of these stones, supplied by Sir Emerson Tennent
(quoted by Yule), credits it with certain absorbent powers, and it

would seem a pity that the undoubted value of such stones, at all

events in minor cases, where they may save a great deal of suffer-

ing, should be tdiscredited.

Another remedy, considered of some value by Malays for the
stab of Plotosus canius is the sap of Henslowia Lobbiana,
which grows freely on the coasts of the Malay Peninsula.

Among other marine offenders of this class dreaded by Malays
are several varieties of the skate or sting-ray, *' pari" as they
are generically called, and some of the " iSpu," of which the
only dangerous one, I have Mr. Boulenger's authority for saying,

is the " lepu " proper, viz. Synancia horrida. When the skate

reaches a large size, he will drag a fisherman's canoe a long
way.
Among the Medusae, one much dreaded is known as "ampai,"
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from its long fringes. The effects, unless a remedy can speedily
be found, are painful and trying to a degree, seeming to pene-
trate the whole frame, as it were, electrically, at once specially
affecting the seat of any ailment, and even the teeth and the
hair. I have never suffered from it myself, but am enabled
to speak to these points from two cases which came under
my personal observation. A valuable remedy for this sting, if

applied soon, is the juice of the young fruit of the papaw
{Carica papaya).
A further illustration of the value of some native remedies is

supplied by a case which occurred some years ago at Malacca,
during my residence there, though I cannot state what the
remedies employed were.
A young gentlemen in the office of the Telegraph Company

went out to bathe in the sea one night from the end of the pier
(in any case rather a rash proceeding, if only for the occasional
presence of crocodiles !), when he found himself in the embrace
of some creature with long tentacles, from which, after desperate
struggles, he eventually succeeded in freeing his legs and his
arms, and in regaining the pier. The Colonial surgeon could do
nothing for him, and he was in such tortures that for a time he
seemed to have lost his mental balance, but nine or ten days
after the occurrence a native practitioner, being called in, cured
him completely. D. Hervey.
The Elms, Aldeburgh, May.

Microphotography, Isophotography,
Megaphotography.

I HAVE read with much interest your article on microphoto-
graphy (p. 4) at its best. Possibly some of your photographer
readers may be glad to know that microphotography of sorts is

within the reach of all who possess a microscope with suitable
substage-condenser and a camera. The results may not com-
pete with the best, but they are very useful. I find that any
transparent object which can be conveniently seen in the micro-
scope can be reproduced in the camera. If the fine adjust-
ment is good enough for ordinary work, it is good enough for

photographic work.
One of my earliest attempts was to photograph fluid inclu-

sions in quartzes with ordinary sunlight, and rock-sections
polarised. The only difficulty was that the sun would not keep
still, and without a heliostat the work was most troublesome,
not to say aggravating. In one case, a mere movement of the
condenser-diaphragm made the bubble in the inclusion fly back-
wards and forwards. A negative was taken in each position,

and a lantern slide taken of each negative. With a Uttle device
in the double lantern the motion of bubbles in inclusions can
be shown on a nine- foot screen. These negatives were taken with
a l/i6th immersion, the camera being extended with a brown
paper tube, and the extra apparatus did not cost one shilling.

Up to a ^-inch objective, ordinary gas, with isochromatic
plates, does very useful work. The only difficulty to surmount
is to handle the focusing apparatus, and see the focusing
screen at the same time. A hand mirror solves the problem.
But a fine adjustment is really scarcely necessary, as it is easy
to focus with the camera as in ordinary photography.

It is o'"ten desirable to photograph objects their exact size.

Before the Kent's Cavern Collection was divided, I photo-
graphed the choicest examples for the Torquay Natural History
Society. The implements were fixed with beeswax on a piece
of plate-glass, which could be placed in any position and backed
by any desired background. I sent a couple of prints to the
International Amateur Photographic Exhibition at Vienna, and
the jury, much to my surprise, awarded them a diploma. The
extra apparatus certainly did not cost lOi-., and the negatives
were taken in the lecture-room of the Natural History Society
under some disadvantages.

Of megaphotography I have but a single experience. While
observing the transit of Venus, I thought I would try a photo-
graph. I drilled a hole in the telescope cap for diaphragm

;

took off the eye-piece and stuffed the telescope into a common
camera, with a red cloth to make it light-light ; exposed six

negatives with hand exposure on instantaneous plates. Result

:

four passable negatives and one good one. This quite unlooked-
for success was due to some back volumes of Nature which
propped up the camera. The success was really a downright
'* fluke" ; for, knowing the exposure must be hundreds of times
too much, I added a quantity of bromide of potassium to the
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developer, and the amount chanced to be correct. All photo-

graphy is done with objective and camera. In photographing

the sun, the object is some ninety millions of miles off; in

photographing a fluid inclusion in quartz, it is the i/i6th of an

inch off—a mere question of detail. Most of these scientific

photographs are far easier than the simplest everyday landscape.

A. R. Hunt.

Comets and Corpuscular Matter.

Referring to Prof. J. J. Thomson's article on " corpuscles
"

in your issue of May 10, it occurs to me that the behaviour of

corpuscular matter described therein may have some bearing on
comelary phenomena. May not the structure of comets to some
extent be explained by assuming that their tails are composed
of aggregations of negatively charged particles of extremely
minute size, answering to the free corpuscular matter as defined

by Prof. Thomson, and which to a large degree may be formed
by a sort of " corpuscular dissociation," or detachment, taking

place in the comet's nucleus when its temperature is elevated

upon nearing the sun ? Since Prof. Thomson's experiments in-

dicate the presence of negatively charged matter in kathode rays

having a much smaller mass than ordinary atoms, there is

reason to believe that matter in this state has properties quite

apart from matter in a much coarser state of atomic division.

Postulating an electrostatic field as existing in interplanetary

space, with the sun as a negative centre or source of electro-

static radiation, and assuming that a comet's tail is composed of

these corpuscles, the gravitational force it may suffer, when in

proximity to the sun, would perhaps be very small in comparison
with the electrostatic force existing throughout the vast congrega-
tion of these extremely minute particles, and thereby account
for the repulsion of the tails of comets when they approach the
sun.

The nuclei of comets may be composed of matter in a much
coarser state of subdivision, which, though endowed with posi-

tive or opposite electricity, is subject to gravitational influences
which determine their course in the neighbourhood of the sun.

While the above is a partial re-statement of existing hy-
potheses, it may, I venture to suggest, be of interest in con-
nection with Prof. Thomson's remarkable experiments on
matter smaller than atoms. F. H. Loring.

I Champion Grove, Denmark Hill, S.E., May 18.

frequency ; and if the natural pitch of the plate is made
to approximate that of the resonator and tone, the ampli-
tude of the plate's vibrations are rapidly multiplied.
To make this amplitude a definitely measurable quantity,

the sensitive plate carries at its centre a tiny mirror,
which forms one of a system of mirrors constituting
Michelson's refractometer {Phil. Mag. 1882, xiii. p. 236).

A displacement of the little mirror from its position at

rest amounting to a half wave length of light will cause
a corresponding shifting to one side of the interference

bands, so that each dark band will take the position

before occupied by the next dark band. The width of
the bands njay be so adjusted that a telescope with
micrometer eyepiece can easily subdivide each band
into a hundred parts. Hence the displacement of the
sensitive plate, while a tone is sounding, could be
observed with great precision, if the eye could act with
sufficient rapidity to mark the oscillation of any one
band.

That, of course, is out of the question. But it is easy
to compound this motion of the bands with another
motion perpendicular to it (also in the focal plane), and
thus to make the displacements visible. To do this, the
interference bands are made to stand vertically in the
field, and a screen with a narrow, horizontal slit is inter-

posed in the line of sight ; consequently the bands
during silence appear in the telescope as a narrow,
horizontal strip, composed of the bands reduced to

A
A NEW INSTRUMENT TO MEASURE AND

RECORD SOUNDS.'^
DIRECT, absolute measurement of the intensity of
sound at any point in the air must determine in

ordinary units, such as kilogram-metres, the energy
involved in the condensations and rarefactions of which
the propagation of sound consists. But these pulsations
follow each other so rapidly, and the amount of energy
involved in even the loudest sound is so infinitesimal,
that such measurement is attended with considerable
difficulty ; so much, indeed, that probably not a half-

dozen laboratories in the world have any instrument
whatever purporting to make direct, absolute measure-
ments of the energy of sound.
We owe to Helmholtz (" Wissenschaftlische Abhand-

lungen," vol. i. p. 378) a mathematical theory by which
we can determine the ratio between the energy of the
pulsations of a tone just without, and that within a
spherical Helmholtz resonator ; to Lord Rayleigh we
owe an expression for the energy of sound in terms of
the condensation (" Theory of Sound," vol. ii. Sec. 245).
Upon these two results this instrument (like Wien's,
Wied. Ann. 1898, p. 834) is founded.
A pure tone is received into a spherical Helmholtz

resonator, a portion of the walls of which is replaced by
a small, circular, extremely thin glass plate, situated just
opposite the mouth of the resonator. The pulsations
within force this plate to vibrate with the tone's

^} '^^f
instrument is described somewhat more fully than it is here in the

Monthly Weather A-^/V?*/, July 20, 1899, published by the U.S. Depart-
ment ot Agriculture. We are indebted to the courtesy of its editor, Prol.
Cleveland Abbe, for the accompanying Illustrations.
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Fig. I.—The refractometer. The resonator has been unscrewed from the
supporting bracket, leaving the sensitive plate and tiny mirror in place.

square spots of dark and light. Now a small lens,

forming the object-glass of the telescope, is mounted
upon the end of one tine of a tuning fork, electrically

driven, and having the pitch of the tune to be measured.
During silence, the vertical vibration of the object-glass
stretches out the strip of spots into a rectangle of long,
vertical bands. But when the tone sounds, these bands
arrange themselves diagonally across the same rectanglb,
the slope of the bands increasing with the intensity of
the tone.

The micrometer eyepiece can be rotated on its optical

axis, and it is provided with a tangent screw for close
adjustment. As it is rotated a vernier moves over a
graduated arc, so that the angle of the slope (a) may be
measured, as well as the height (Q) of the rectangle, the
height {p) of the strip, and the width of five double
bands. Putting B = Q-<?, and P = the displacement of a
band, we have P = Btan a. The intensity of the tone is

proportional to P^, which is thus determined in mean
wave-lengths of white light.

Thus far it has been tacitly assumed that the source
of tone is at just the right distance from the receiving
resonator for the vibrations of the sensitive plate to be
in phase with those of the fork carrying the object-

glass. But in ordinary work this agreement in phase



May 24, 1900] NATURE 81

rarely occurs, so a further modification is important.
However, by simply loading the lens fork very slightly,

we make the phases of the one oscillation overtake those
of the other as slowly as we please. During agreement
in phase the appearance of the bands will be that

already described, with the slope (let us say) downward
to the right. Two or three minutes after, when the two
phases are opposite, the slope of the bands will be down-
ward to the left. Between these two appearances con-
fusion will reign, for the rectangle is then occupied by
overlapping ellipses of changing eccentricity. But when-
ever the two oscillations are composed into a straight

line there is abundance of time to measure the slope of
the interference bands.
We have now attained only a relative measurement of

intensity. But if we knew what maximum pressure
within the resonator produced the observed amplitude of

the sensitive plate, Rayleigh's expression together with

Helmholtz's ratio would yield us the absolute intensity of

the tone just outside the mouth of the resonator, which
we seek. This pressure we do not know ; we can, how-
ever, make a pretty close approximation to it. Let us be
content, provisionally, with an error of about four parts

in a thousand. Accordingly we will remove the sensitive

plate from the resonator, in order to substitute for it a
thicker plate, of natural pitch four octaves higher. Then
we will cork the resonator, and produce a series of pres-

sures within it by means of an air-pump. These
pressures, measfred statically with a water manometer,
together with the corresponding displacements, furnish a
table of the degree of approximation sought ; so that by
interpolation, when necessary, we may assign the pres-

sure that has caused the amplitude, P, in any particular

case, and thence obtain the energy of the tone in abso-
lute units.

Of course, much pains must be taken to exclude all

disturbing vibrations from the sensitive plate, whether

For experimentation we require a source of sound that

will produce a tone of great constancy and purity, but
one whose intensity may be varied at will between wide
limits. Moreover, the tone should issue from a small

and definitely located area. It will be convenient, also,

to have this instrument easily portable, so that it may be
moved freely even while sounding. Such a source is

-:v.^^yi.ag;f^g|jgj
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tone, simple in construction, and useful for a variety of

purposes. A feeble current of a few hundredths of an
ampere produces a tone that can be distinctly heard in

every part of a building, 204 x 114 feet, four stories high,

and containing ninety, rooms. It may also be used under
water.

To photograph and thus record for analysis a sound of

any kind whatever, the resonator is removed by simply

screwing it off, without disturbing the sensitive plate
;

and a camera is substituted for the telescope and eye.

The window of the camera now forms the narrow slit,

and a lens, placed between the window and the refracto-

ineter, focuses a narrow, horizontal strip of interference

bands upon the photographic film. This film is wound
-about a cylinder (^ Raps, Wied. Ann. 1893, p. 194) kept

in rapid rotation by a small electric motor within the

camera. The speed of this motor is kept constant by
Lebedew's method ( W^zi?^. y?;?«. Band 59, p. 118). Con-

NOTES.
As we go to press, a message from Sir Norman Lockyer at

Santa Pola informs us that 130 volunteer observers have been
obtained from H.M.S. Theseus, the instruments have been
adjusted, and the Spanish authorities are assisting splendidly.

The weather prospects are good.

Mr. J. S. BuDGETT left Liverpool on Saturday last on his

second expedition to the Gambia, where he is going in order

to complete his studies of the fish-fauna of that colony, and
especially to investigate the life -history and development of the

abnormal fishes Polypterus and Protopteriis. On reaching

Bathurst, Mr. Budgett will proceed up the River Gambia to his

former quarters on M'Carthy's Island, in the neighbourhood of

which he has already ascertained that these fishes are found

breeding during the rainy season. A memoir on some points in

Quiet. 2. Fanning I. 3. Fanning II. 4. Noise. 5. Flageolet.

6. Fork Ci28- 7- i'ork C256. 8. Fork c'512. 9. Forks C+c. 10. Forks
C-t-c+ c'. II. Forks g -fa. 12. Forks c-fe-t-g-fc'. 13. Tone source.

Fig. 5.—Analyses of Fork Tones and Vowel Sounds

(a)h. 2. (o)h. 3. p(oo)l. 4. (a)te. 5. m(ee)t. 6. s(e)t. 7. (a)t. 8. (i)t.

9. (au)ght. 10. (e)re. 11. (u)se. 12. (u)rn. 13. Fork C236.

sequently the lateral vibration of the bands caused by
the sound, combined with the steady, vertical motion of

the exposed portion of the film, is recorded in parallel,

wavy lines. The shutter is opened for the time required

for a single rotation of the cylinder by an electrical

device. After each exposure the cylinder is moved in

the direction of its axis by turning a screw from without.

Thus a fresh portion of the film is brought under the

shutter, without stopping the motion or opening the

camera. In this way were taken the photographs of fork

tones and vowels here given (Fig. 5). The photograph of

a single tone from the source, whose intensity at the sensi-

tive plate has been determined by the first method,
affords a standard (viz. its amplitude) for determining
the absolute intensity of every other sound photographed

;

•while comparison with the wave-length appearing in the

photograph of the tone of a standard fork gives the pitch

•of other sounds. Benjamin F. Sharpe.
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the anatomy of Polypterus, based on specimens obtained by Mr.

Budgett during his first expedition, was read before the^ Zoo-

logical Society on May 8, and will shortly be published in the

Society's Transaclions.

At a recent meeting of the British Ornithologists' Union and

Club, under the presidency of Mr. F. D. Godman, F.R.S., the

following resolution was unanimously adopted :
— " That any

member of the union directly or indirectly responsible for the

destruction of nests, eggs, young or parent birds of any species

mentioned below should be visited with the severest censure of

the union and club." The birds referred to are the chough,

golden oriole, hoopoe, osprey, kite, white-tailed eagle, honey

buzzard, common buzzard, bittern and ruff.

The committee of the Liverpool School of Tropical Diseases

have decided to despatch, at an early date, an expedition to the

Amazon to investigate yellow fever. The expedition will
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robably in the first instance proceed to Baltimore to confer

\ith the yellow fever experts at the Johns Hopkins University,

rtiterwards going to Para and other places on the South American

coast.

An expedition, under the auspices of the Royal Dublin

Society and the Royal Irish Academy, conjointly, has left

Dublin for Spain, to observe the solar eclipse on May 28. The
party consists of Prof. C. J. Joly, Sir Howard Grubb, F.R.S.,

Dr. A. Rambaut, F.R.S., Mr. W. E. Wilson, F.R.S., Prof.

\V. Bergin, Mr. S. Geoghegan and Mr. Rudolph Grubb.

The observers have selected as their station the hill of Berro-

ralillo at Placencia, near Madrid, and have already had
iluable assistance afforded them by Prof. Iniquez, director

; the Observatory at Madrid, and his staff, who will them-

selves observe the eclipse at the same station.

Pai-.kontologists will be glad to know that the King of the

Belgians has just made M. L. Dollo, Conservator of the

Brussels Museum, a Chevalier of the Order of Leopold,

The annual meeting of the Italian Botanical Society will be
held at Venice on September 9-15, under the presidency of

Sig. Sommier.

Thk committee of the International Botanical Congress, to

be held in Paris from O::tober i to 10, has issued a fresh invita-

tion to foreign botanists to enrol themselves as members. The
subscription fee of members has been fixed at 20 fr. , which will

include the cost of the publications of the Congress. The
following have already been fixed on as subjects for discussion

at the Congress :— Monographic studies ; species and hybrids ;

unification of micrometric measures ; influence of the nature of

the soil, and of the plants growing in it, on the development of

fungi ; and other suggestions are invited. The president of the

Congress will be M. E. Prillieux ; the general secretary, M. E.

Perrot ; and the treasurer, to whom subscriptions should be sent,

M. H. Hua, rue de Villersexel 2, Paris.

A DEPART.MENTAL Committee has been appointed to inquire

into the conditions under which agricultural seeds are at present

sold, and to report whether any further measures can with
advantage be taken to secure the maintenance of adequate
standards of purity and germinating power. The committee
consists of the following mem bers, viz. :—The Earl of Onslow,
G.C.M.G., chairman; Sir W. T. Thiselton-Dyer, K.C.M.G.,
C. I. E. ; Sir Jacob Wilson ; Mr. R. A. Anderson, secretary of

the Iri.sh Agricultural Organisation Society ; Mr. R. Stratton

;

Mr. Martin J. Sutton ; Mr. James Watt and Mr. David
Wilson. Mr. A. E. Brooke-Hunt, of the Board of Agriculture,

will act as secretary to the committee.

An excursion to Malvern and district has been arranged by
the Geologists' Association for Whitsuntide. The director

will be Prof. T. T. Groom, and during the stay at Malvern,
from Saturday, June 2, to Tuesday, June 5, a number of inter-

esting geological sections and structures will be examined.

The tenth International Congress of Hygiene and Demo-
graphy will be held in Paris this year, on August 10-17,
under the presidency of Dr. Brouardel, Dean of the Faculty
of Medicine of Paris. Programmes and forms of application
for membership can be obtained from the secretary of the
British Committee, Dr. Paul F. Moline, 42, Walton Street,

Chelsea, S.W.

A .MEETING of the Institution of Mining Engineers will be
held in London on June 14-16, The members have been
invited to attend the International Congress of Mining and
Metallurgy which will be held in Paris on June 18-23, with
the object of collecting together engineers and others, who
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in various parts of the world are engaged in forwarding the

progress of mining and metallurgy. The Congress, like that

of 1889, is under the direct patronage of the French.

Government.

Swedish metallurgy has suffered a severe loss by the death,,

on May 12, of Mr. G. F. Goransson, at the age of eighty-one.

Without his help, the Bessemer process might perhaps never

have been perfected. In 1858, at Edsken, he increased the
area of the tuyeres, and succeeded in shortening the process so-

as to produce sufficient heat in the converter to allow of the

proper separation of the slag from the metal, and thus to con-
vert pig-iron into good steel, which having been exported
to England encouraged the capitalists who were supporting Sir

Henry Bessemer. At the Swedish meeting of the Iron and
Steel Institute in 1898, Mr. Goransson, although very infirm,,

welcomed the members, in an English speech, to the Sandvik.

works, of which he was chairman and founder.

At the anniversary meeting of the Royal Geographical
Society, on Monday, the medals and other awards already an-

nounced (p. 34) were presented. The president, Sir Clements.

Markham, in the course of his anniversary address, said that a
committee has been formed to obtain funds for the erection of

a suitable memorial to Dr. Livingstone, on the spot where the

tree stood under which the heart of the great explorer was buried.

The materials will be conveyed, free of expense, from the

mouth of the Zambesi to Lake Bangweolo, by the kindness of the

African Lakes Corporation and the British South Africa Company.
The prospects of the Antarctic expedition, from a financial

point of view, have been somewhat clouded by the war. At
least 30,000/. more than has already been raised is required.

Apart from the finances, the affairs of the expedition are in a

flourishing state, and everything seems hopeful. The keel of

the exploring ship is now laid at Dundee. She will be the

best polar exploring vessel that has ever left these shores^

and the first that has ever been built in this country specially

for scientific work in polar regions.

We regret to record the death, at the age of seventy-seven,,

of Mr. James Thomson, F.G.S. , of Shawlands, Glasgow.

Among the many enthusiastic workers at Scottish geology,

none had plied his hammer with more zeal. He had been an.

active member of the Geological Society of Glasgow for up-

wards of forty years, and was a frequent attendant at the meet-

ings of the British Association. Although he had written on.

the geology of Islay, and on parts of Arran and the Outer

Hebrides, his special researches were on the Scottish Carboni-

ferous corals ; and his contributions on this subject, carried on.

partly in conjunction with the late Prof. H. A. Nicholson,

were numerous. He had formed an exceedingly fine collection,

of fossil corals, which he presented to his native town»

Kilmarnock.

A POSSIBLE method of prevention of horse-sickness, which is

endemic in the Orange Free State, Transvaal, Natal, Rhodesia

and Bechuanaland, and also occasionally occurs in Cape Colony,

is described in the Cape Times (April 24) by Dr. G. C. Purvis.

Fortified serum, derived from immune horses, almost invariably

produces fatal hemoglobinuria when injected into horses suffer-

ing from horse-sickness. Dr. Purvis finds, however, that if the

animal is gradually accustomed to the toxin, until it can receive

an injection of 100 c.c. or 200 c.c. of serum, virulent blood can

be injected without danger. It appears that fortified serutrk

is a useful agent if used in a proper way, and that it is capable of

preventing the onset of horse-sickness. Moreover, if, in spite of

precautions, an animal acquires the disease, judicious treatment

with the serum will assist in bringing about a cure.
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A BACTERIOLOGICAL method of exterminating rats, proposed

by M. J. Danysz of the Pasteur Institute of Paris, is described

in the British Medical Journal. M. Danysz has found a

microbe which, if introduced into a population of rats, may be

trusted to breed a pestilence among them that will wipe them

out, or at least make them a nejTligihle quantity. From field-

mice suffering from a spontaneous epidemic disease he isolated

a cocco-bacillus presenting the general characters of B. coli, and

thus resembling Lceffler's B. typhi vmrtuin. By an elaborate

process of repeated cultures of this micro-organism passed through

series of mice and afterwards through rats, he succeeded in intensi-

fying its virulence so as to make it, when eaten, certainly patho-

genic for the latter rodents. Having satisfied himself of the

fatal effect of the cultures in the laboratory, he had them tried

in a large number of farms, warehouses, and other places in-

fested by rats. From the reports of these experiments, amount-

ing to several hundreds, it appears that in 50 per cent, of cases

the method resulted in a complete disappearance of the rats,

while in 30 per cent, their number notab'y diminished ; in

20 per cent, the method failed.

Some interesting figures showing the high estimation in which

technical knowledge is held in certain branches of industry

by German manufacturers, have recently been published in

the Zeitschrift filr angewandte Chcmie, from a lecture on
" Technical Education and the Importance of Scientific

Training," delivered before the German Emperor by Prof. J.

Bredt. The following statistics, corrected to the end of last

year, refer to three of the most important factories in Germany

where aniline dyes are made, viz. the Badische Anilin-und

Sodafabrik, of Ludwigshafen ; the Farbewerke vorm. Meister

Lucius und Briining, of Hochst am Main; and the i^arben-

fabriken vorm. Fr. Bayer and Co., of Elberfeld.
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The second volume of the Anmles of ihe National Observa-

tory of Athens contains a catalogue of the earthquakes felt in

Greece during the years 1893-189S. Its value will be evident

from the facts that it occupies more than 150 quarto pages and

contains entries of 3187 shocks. Taking area into account, it

therefore appears that earthquakes are about twice as frequent

in Greece as they are in Japan. M. Eginitis, the director of

the observatory, adds an interesting discussion of the catalogue.

For the six years of the records, earthquakes were most numerous

during the months of April and May ; there is the usual apparent

maximum during the early hours of the morning ; and the usual

doubt as to the existence of any connection between the

frequency of earthquakes and the positions of the earth and

moon in their orbits. There seems to be no part of the country

entirely free from earthquakes, but their distribution is most

irregular, 2018 shocks having been recorded in Zante alone.

The volume also contains the meteorological tables for 1896, and

essays by M. Eginitis on ancient observations of meteor showers,

the increase of the discs of the sun and moon at the horizon, and

the solar eclipse of August 8, 1896.

Two observers in the M.iy number of the Zoologist note the

effect of the unusually cold and late spring on the bird-life of the

country. Mr. W. W. Fowler states that after a careful search,

on April 10, in the neighbourhood of Chipping Norton, he was

unable to discover a single specimen of the summer migrants

which ought by that time to be numerous. Mr. W. Wilson, on

the other hand, comments on the late pairing of lapwings and

partridges in Scotland.

In the April number of the Victorian Nituralist, Mr. D. Le
Souef gives an interesting account of the plants and animals

met with during a visit to Western Australia. In several

passages he comments on the diminution in the number of wild

mammals. The rabbit-bandicoot, for example, has disappeared

from districts where it was formerly numerous, owing to ** ring-

ing" the timber and cultivation ; while the common phalanger,

or " opossum," has been practically exterminated from the settled

districts.

To the Revue genirale des Sciences ot Miy 15, Monsieur

P. Glangeaud contributes a notice of the biological laboratory

recently established ammg the extinct volcanoes of the

Auvergne. The principal object seems to be the investigation

of the fauna and flora of the numerous lakes, several of which

are of great depth and cover a large area. Already important

observations have been made with regard to the "plankton " of

the lakes. On the salt plains the existence of a marine fauna

has long been known, and the discovery is now announced of

the survival there of a marine fauna.

We have received the fourth number of the News Bulletin of

the Zoological Society of New York, which contains a popular

illustrated account of some of the new buildings in the menagerie,

as well as of several of the most notable animals. Some of the

photographs, especially those of polar bears, of a group of

wapiti (elk), and of a bull bison, are exquisite productions. We
are, however, sorry to note that there is a deficiency of funds

for the support of the zoological park ; and an earnest appeal is

made by the Board of Managers to induce more of the residents

of New York to become members of the Society.

Mr. J. K. Barton has sent us a copy ot a paper on the

anatomy of the digestive tract of the salmon, published in the

April number of the Journal of Anatomy and Physiology. The
object of the investigation was to determine the truth of the

statement that when salmon enter our estuaries they are suffer-

ing from a decenerative catarrh of the mucous membrane of the

intestines, which subsequently spreads upwards to the stomach.

The examination of a considerable number of specimens is
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stated to refute this assertion, and that previous observers have

been misled by the effects of the methods employed in their

investigations.

Part III. of "A Manual of Surgical Treatment," by Dr.

W. Watson Cheyne, F.R.S., and Dr. F. F. Burghard, has

been published by Messrs Longmans, Green and Co. The
suljject is the treatment of the surgical affections of the bones,

and amputations. We propose to review the work when the

six parts of which it will be composed have been published.

The fifth revised and enlarged edition of Dr. Richard

Uertwig's " Lehrbuch der Zoologie" has just been published

by the firm of Gustav Fischer, Jena. As with other zoological

text-books, many alterations and additions have had to be

made in order to bring it in touch with the present state of

knowledge.

The ipaterial collected by Dr. Arthur Willey from New
Britain, New Guinea, Loyalty Islands and elsewhere, when in

search of the eggs of the Pearly Nautilus, during the years

1895-97, has proved exceptionally rich in subjects of study.

Part iv. of the "Zoological Results" (Cambridge: University

Press) contains ten papers upon various forms of life, and

Part V. is in the press. The original intention was to com-

plete the work in five or six parts.

A NEW sugar has been discovered by M. Gabriel Bertrand,

by the action of the sorbose bacterium upon erythrite, and is

described by him under the name of erythrulose in the Coinptes

retidus for May 14. By its reactions it appears to be a ketone

of the composition CH2(OH).CO.CH(OH).CH20H, thus

being a lower homologue of levulose. Erythrulose is not fer-

mentable by yeast, but forms a well crystallised osazone ; it

resists oxidation by bromine water, and hence is probably a

ketone.

A NEW general method of preparing secondary and tertiary

alcohols, which, on account of the excellent yields obtainable,

promises to be of considerable service, is described by M. V.

Grignard in the current number of the Comptes rendus. Mag-

nesium turnings react but slowly with methyl iodide at ordinary

temperatures, but in presence of ether a violent reaction takes

place, resulting in a clear solution probably containing CIIg.Mgl.

If to this solution an aldehyde or ketone is added, and the

product treated with dilute acid, about 70 per cent, of the

theoretical amount of the corresponding secondary or tertiary

alcohol can be isolated. Thus methyl iodide and acetaldehyde

give isopropyl alcohol ; benzaldehyde and isobutyl bromide

give phenylisobutyl-carbinol ; methyl iodide and acetophenone,

dimethyl-phenyl-carbinol.

The additions to the Zoological Society's Gardens during the

past week include a Squirrel yi.o^:^^'^ {Chrysothrix scitirea) from

Guiana, presented by Mr, Percy L. Isaac ; an Ocelot {Felis

pardalis) from South America, presented by Mr. M, A, French ;

an Allen's Porphyrio (Hydrornia «//?«/) captured at sea, pre-

sented by Captain J. C. Robinson; a Snowy Owl {Nyctea

scandiaca, ? ) from Bylott Island, Lancaster Sound, presented

by Mr. A. Barclay Walker; two Long-eared Owls (Asio otus),

European, presented by Mr. D. F. Campbell ; six Long-nosed

Crocodiles (Crocodi/us cataphractiis) from West Africa, pre-

sented by Mr. J, S. Budgett ; four Blood-rumped Parrakeets

{Psephotus haeinatonotus), two Rose Hill Parrakeets {Platy-

cercus exintius), two Crested Pigeons {Ocyphaps lophotes), two

Plumed Ground Doves {Geophaps plumife>a), two Black and

White Geese {Anseranas sentipalmata) from Australia, two

African Tantaluses (PseuJotantalus ibis), two Senegal Touracous

(Turacus persa) from West Africa, purchased; two King

Snakes {Coronella getula), a Coralline Snake {Coronella gentilis)^
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two American Black Snakes {Zamenis constrictor), ten Penn-

sylvanian Mud Terrapins {Ctnosternnni pennsylvanicum), four

Adorned Terrapins {Chrysemys orna'-a), thirteen Elegant

Terrapins [Chrysemys scripta elegans), six Lesueur's Terrapins

{Malacoclemmys lesiteuri), six Red '^t^\.%{Sperlepes ruber) from

North America, a Garnett's G3.\a.go [Galago garnetti) from East

Africa, a Serval (Felts servxl) from Africa, a Common Teguexin

(
Titpinambis teguexin), three Annulated Terrapins {Nicoria

annulata) from South America, four Blue Wall Lizards {Laceria

mwalis, var. co'rule%) from Faraglione, five Schlagintweit's

Frogs {Rana cyauophlyctis) from Southern Asia, deposited ; a

Barbiry Wild Shesp (Ovis iragelaphiis, i), born in the

Gardens.

OUR ASTRONOMICAL COLUMN.
The Dark Fringes observed during Total Solar

Eclipses.—We have received a communication from Senor V.

Ventosa, astronomer at the Madrid Observatory, concerning the

appearance and probable cause of the dark fringes—or "shadow-

bands " as they are generally called—which are always observed

some few seconds before and after totality during the progress

of a total eclipse of the sun. The chief points of his com-

munication are here summarised.

These alternating dark and bright fringes are parallel to each

other, all moving in the same direction, but the velocity

varies greatly from time to time. Several reasons have been

advanced to account for their appearance, chief of which are

those regarding them as (i) diffraction fringes bordering the

actual shadow of the moon on the earth's surface ; (2) shadow
phenomena produced in the body of our own atmosphere, and

affected by the direction of the wind. The examination of the

observed facts appears to support to some extent those holding

the latter view, as while the bands may be well seen in one

place, they may be invisible in a neighbouring locality ; their

form, generally rectilinear or slightly undulating, is also variable,

while their breadth has been variously estimated from i cm. to

50 cm., although this will, of course, partly depend on the in-

clination of the surface on which they are observed. Sometimes

they move with about the speed of a man walking, at others

with the speed of an express train, the velocity always being

less, however, than that of the shadow itself. (During the

coming eclipse the shadow will move through 800 kilom. in

12 minutes.)

Senor Ventosa has been occupied for some time in study-

ing the currents in the higher regions of our atmosphere by
observing the undulations round the sun and stars with a

telescope, and thinks that these upper atmospheric currents

may possibly have some bearing on the question of the eclipse

shadow bands ; the movement of these higher portions show-

ing through the quieter lower strata and being rendered visible

on account of different refractive powers. He thinks it would

be useful to determine the velocity of these currents by

anemometers at various altitudes, and also to observe the

undulations round the limb of the sun at the time of eclipse,

comparing them with the shadow bands in direction and

velocity of movement. To ascertain if any experimental

illustration of this hypothesis could be presented, he states

that bands may be produced by passing diffuse light reflected

from a sheet of corrugated glass through a circular aperture

representing the 5un, over which an opaque disc, represent-

ing the moon, is made to slide. When the segment left un-

covered is about 5 mm. in width, alternate bright and dark bands

can be observed on a white screen held near, if the length of the

segmental opening is approximately parallel to the undulations

of the glass, but if at right angles they entirely disappear. He
trusts, however, that his putting forward this hypothesis for

establishing a connection between eclipse shadow bands and
atmospheric undulations will show the advisability of recording

the direction and velocity of the wind during eclipses, so that

more definite data may be available for discussion.

Photometry of Corona, April 16, 1893.—In a com-
munication recently made to the Royal Society, Prof. H. H.
Turner, F.R.S., gives the details of procedure and results

obtained in photometric observations of the corona during the

total eclipse of the sun in April 1893. The visual brightness of
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the corona was determined by Prof. T. E. Thorpe at the eclipses

of i$86 August 29, and 1893 April 16, by a method arranged by
Sir W. Abney {Phil. Tratts. A, 1889, p. 363, and 1896, p.

433), but soon after the first of these. Sir W. Abney devised a
method of comparing the coronal light with that of a fixed

standard by photographic means. This method was first put
into practice at the eclipse of 1889, and has been repeated
systematically since. Part of the photographic plate, before
being taken for eclipse use, is exposed to a graduated series of
exposures from a standard source of light in the laboratory,

and then without development is afterwards used to receive

the impression of the corona, the part carrying the pre-

vious standard exposures being protected from further light

action. On subsequent development there results a picture of
the corona, and ,a series of squares of graduated densities on
the same plate, so that the brightness of any part of the coronal
structure may be directly compared with the brightness of the
standard light of the laboratory.

The 1889 photographs have not yet been measured, but Prof.

Turner has reduced several of the plates taken in 1893 by
Sergeant Kearney at Fundium, Africa. These were obtained
with the *' double tube " apparatus, giving pictures of two sizes,

the moon's disc being 06 inch and 15 inches in diameter.

Examples of each scale image were examined, one of the large

scale photographs, taken with an exposure of 50 seconds, being
specially carefully measured along four radii extending due
N., S., E., W. , from the limb respectively, and the resulting

table of comparison measures is included in the present paper.
This table shows :

—

(i) That the accuracy of the method is such that the intensity

of the light is determinable within a very small error.

(2) The intensity of the coronal light falls off in nearly the
same manner in all four directions (1893 was near a sun-spot

maxiviiun, with corona of symmetrical form). There is a
marked difference, however, between the intensities along the
north and .south radii.

(3) The falling off in intensity is at first exceedingly rapid,

becoming very gradual at distances more than 45 minutes from
the limb.

(4) The absolute brightness of the corona in terms of the
" moon " by using a conversion factor.

Prof. Turner then compares the brightness thus determined
photographically with that obtained visually by Abney and
Thorpe, and presents two curves showing the combined obser-

vations, which show a marked agreement between the results

arrived at in such different ways. No measures of brightness,

however, were made visually within o'6 of a radius from the

limb, and it would be useful if this were done at the coming
eclipse.

Maximum Duration of Totality for Solar Eclipse.—
Mr. C. T. Whitmell sends us the following corrections to the
data given in the abstract of his paper last week (p. 64) :

—

Earth's radius to be taken as 3963*296 miles.

Moon's ,, ,, ,, „ ,,
1080 '000 ,,

The eclipse for which the totality will be a maximum will take

place at noon about the beginning, not the middle, of July.

SOME MODERN EXPLOSIVES.^

"M"EARLY thirty years ago, in the Royal Institution, I had
-' the honour of describing the great advances which had
then recently been made both in our knowledge of the phenomena
which attend the decomposition of gunpowder, and in its prac-

tical application to the purposes of artillery.

I described the uncertainty which up to that date had existed

as to the tension developed by its explosion, the estimates

varying enormously from the 101,000 atmospheres (about 662

tons on the square inch) of Count Rumford to the 1000 atmo-

spheres (6"6 tons per square inch) of Robins, or, taking more
modern estimates, from the 24,000 atmospheres (158 tons per

square inch) of Piobert and Cavalli to the 4300 atmospheres

(about 29 tons per square inch) of Bunsen and Schischkoff.

These uncertainties were, I think I may say, set to rest by

certain experiments carried out both in guns and close vessels

at Elswick, by the labours of the Explosive Committee appointed

1 A Discourse delivered at the Royal Institution on Friday, March 23, by
Sir Andrew Noble, K.C.B., F.R.S.
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'jy the War Oliice, and by researches conducted by Sir F. Abel
iiid myself. Tnese researches were conducted on a Urge scale

with the view of reproducing as nearly as passible in expjrioi jnt

he conditions that exist in the bore of a gun. You miy judge
if the mignitude of the experiments when I tell youthu I have
tired and completely retained in one of my cylinders a charge of

no less than 28 lbs. of ordinary powder.
The result of the discussion of the whole series of experiments

led to the following conclusions :

—

(1) That the tension of the products of combustion at the

noment of explosion when the powder practically filled the

space in which it is fired—that is, when the density is about
unity—is a little over 40 tons on the square inch, or about 6400
atmospheres.

(2) Although changes in the chemical composition of powder,
ind even changes in the mode of ignition, cause a very consider-

able change in the metamorphosis experienced in explosion, as

evidenced by the proportions of the products, the quantity of

heat generated, and the quantity of permanent gases produced,
being materially altered, it is somewhat remarkable that the

tension of the products in relation to the gravimetric density is

not nearly so much affected as might be expected from the

considerable alteration in the above factors.

(3) The work that gunpowder is capable of performing in

expanding in the bore of a gun was determined both by actual

measurement and by calculation, and the results were found to

accord very closely.

(4) The total potential energy of exploded gunpowder sup-

posed to be fired at the density of unity was found to be about
332,000 gramme units per gramme, or 486 foot tons per lb. of

powder.
I must confess that when I gave the lecture I have referred to,

seeing the many centuries during which gunpowder has held its

)wn as practically the sole propelling agent for artillery pur-

poses, seeing also that gunpowder differs in certain important
points from the explosives to which I shall presently call your
attention, I had serious doubts as to whether it would hi pos-

sible so far to modify these latter as to permit of their being
used in large charges and under the varied conditions required
in the naval and military services.

Gunpowder is not like gun-cotton, cordite, nitro-glycerine,

lyddite, and other similar explosives, a definite chemical com-
bination in a state of unstable equilibrium, but is merely an
intimate mixture of nitre, sulphur and charcoal, in proportions
which can be varied to a very considerable extent without
striking differences in results. These constituents do not,

during the manufacture of the powder, suffer any chemical
change, and being a mixture it cannot be said under any condi-
tion truly to detonate. It deflagrates or burns with great
rapidity varying very largely with the pressure and other cir-

cumstances under which the explosion is taking place, a train

like that to which I set fire taking as you see an appreciable
time to burn ; while, in the bore of the gun, a similar length of
charge would be consumed in less than the hundredth part of a
second.

You will further have observed the heavy cloud of smoke
which has attended the deflagration you have seen. Nearly six-

tenths of the weight of the powder, after explosion, remains as a
finely divided solid, giving rise to the so-called smoke familiar
to many of you, and of which a good illustration is shown in

this instantaneous photograph. By way of comparison I burn
similar lengths of gun-cotton in the form (l) of cotton, (2) of
strand, (3) of rope, and you will observe the different rates at

which these varied forms of the same mUerial are consumed,
the rate depending in this case upon the greater aggregation
and higher density, consequently higher pressure, of the
successive samples.
Although the names of cordite and ballistite are probably

familiar to all of you, the appearance may not be so familiar,
and I have here on the table samples of the some whit Protean
forms which these explosives, or explosives of the same nature,
are made to assume.

Here, for instance, are forms of cordite, the explosive of the
service, for which we are indebted to the labours of Sir F.
Abel and Prof. Dewar. This, which is in the form of fine

threads, is used in small arms, and here are suc;es3ive sizes,

adapted to successive larger calibres, until we reach this sizi

which is that employed for the charge of the 12-inch, 5o-ton
guns.
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A couple of the smaller cords I burn, both for purposes of

comparison and to draw your attention to the entire absence of

smoke.
The smoke of the gunpowder you see still floating near the

ceiling, but little or no trace of smoke can be seen from such
explosives as gun-cotton, cordite or ballistite, their products of

combustion being entirely gaseous.

You will have observed that in the combustion which you
have just seen there is no smoke, but I must explain, and I

shall shortly show you, that this combustion is not quite the

Same as that which takes place, for instance, in the chamber of

a gun. Here the carbonic oxide and hydrogen, which are

products of explosion, burn in the air, giving rise, with the aid

of a little free carbon, to the bright flame you see, and some-
what increasing the rate of combustion. In a gun, however,

owing chiefly to pressure, the cordite is consumed in a very

small portion of a second.

In order to illustrate the effect of pressure upon the rate of

combustion, I venture to show you a very beautiful experiment
devised by Sir F. Abel. It has been shown in this room before,

but it will bear repetition.

In this globe there is a length of cordite. I pass a curren t

through the platinum wire on which it is resting and you see

the cordite burns. I now exhaust the air and repeat the

experiment. The wire is red-hot, but the cordite will not burn.
That the failure to burn is not due to the absence of oxygen is

shown by plunging lighted cordite into a jar of carbonic acid,

where, although a match is instantly put out, the cordite

continues to burn—but observe the difference. There is no
longer any bright flame, although the cordite is being consumed
at about the same rate as when burned in air ; and when a
sufficient quantity of the COj is displaced, I can make
the inflammable gases ignite and burn at the mouth of the

jar.

Another illustration is also instructive. I have here a stick

of cordite wrapped round with filter paper ; I dip it in water
and light the end ; you may note that at first you see the bright

flame. But as the combustion retreats under the wet filter

paper, there appears a space between the flame and the cordite,

the flame finally disappears, hot gases with sparks of carbon
alone showing.
One other pretty experiment I show. I have here a stick of

cordite which I light—when fairly lighted I plunge it in this

beaker of water. The experinient does not always succeed ^t

the first attempt, but you now see the cordite burning undeir

the water much as it did in the jar of carbonic acid. The red

fumes you observe are due to the formation of nitric peroxide

caused by the decomposition of the water by the heat.

I have on the table samples of certain other smokeless

explosives of the same class. Here is a ballistite used in Italy.

Here is some Norwegian ballistite. Here again is ballistite in

the tubular form, and in these bottles it is seen in the form of

cubes. Here is some gelatinised gun-cotton in the tubular form,

and here are some interesting specimens with which I have
experimented, and which up to a certain pressure gave good
results, but which exhibited some tendency to violence when
that pressure was exceeded. Here also are some samples of

the French B.N. powder, consisting of nitro-cellulose partially

gelatinised and mixed with tannin, and with barium and
potassium nitrates. Lastly, I show you here a sample of picric

acid, a substance which has been used for many years as a

colouring material, but which will be of interest to you because

it is used as the explosive of lyddite shell, concerning which I

shall presently have more to say ; it differs from all the other

explosives in being, in the crystalline form, exceedingly difficult

to light. I fuse, however, in this porcelain crucible, a small

quantity. I pour a little on a slab, and on dropping a fragment

into a red-hot test-tube you see with how much violence the

fragment explodes. I also burn a small quantity, and you will

observe that, unlike gun-cotton, cordite and ballistite, it is not

free from smoke, the smoke in this case being simply

carbonaceous matter. You will observe also how much more
slowly if burns.

The composition of these various explosives (although in the

case of both cordite and ballistite I have experimented with

samples differing widely in the proportion of their ingredients)

may be thus stated.

The gun-cotton I employed was of Waltham Abbey manu-
facture, and, when dried, consisted of 4*4 per cent, of soluble
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cotton and 95*6 per cent, of insoluble; as used, it contained
2 '25 per cent, of moisture.

The service cordite consists of 37 per cent, trinitro-cellu-

lose, with a small proportion of soluble gun-cotton, 58 per

cent, of nitro-glycerme and 5 per cent, of the hydrocarbon

vaseline.

The ballistite I principally used was composed of 50 per cent,

dinitro-cellulose (collodion cotton) and 50 per cent, of nitro-

glycerine. The whole of the cellulose was soluble in ether

alcohol, and the ballistite was coated with graphite.

The French B.N. powder consisted of nitro-cellulose partly

gelatinised, and mixed with tannin, and with barium and potas-

sium nitrates. The transformation experienced by some of these

explosives is given in Table I., while the pressures in relation to

the gravimetric densities of some of the more important are

shown in Fig. i.
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smokeless, but the smoke is much less dense and disperses much
more rapidly than does the smoke of ordinary powder. Its

great advantage, however, was that it eroded steel very much
less than any other powder with which I experimented, while its

great disadvantage was due to the deliquescent properties of

ammonium nitrate necessitating the keeping of the cartridges in

air-tight cases.

Next on the diagram comes B.N. or Blanche Nouvelle
powder, an explosive which, while free from wave action, is

remarkable, as you will note if you follow the curve, in develop-

ing a much higher velocity than the other powders in the first

few feet of motion, and less in the later stages of expansion.

Thus, if you compare this curve with the highest curve on the

diagram, that of the four-tenths cordite, you will note that the
B.N. curve for the first eight feet of motion is the higher, and
that at about eight feet the curves cross, the B.N. giving a final

velocity of 2786 foot-seconds, or 500 feet below the cordite

curve.

Then follows ballistite, which, with much lower initial pressure,

gives a velocity of 2806 foot-seconds, or somewhat higher than
that of B.N. Then follow three different sizes of cordite, the
highest of which gives a muzzle velocity of 3284 foot-seconds, or

a velocity nearly double that of the early R.L.G.

Table WX.—d-inch Gun, iod Calibres long. Velocities atid

Energies realised with High Explosives. Weight of Projectile,

100 lbs.
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regard to the powder called B.N. You will remember that in the

early stages of motion it gave velocity to the shot much more
rapidly than did the other powders. You see the effect in the

pressure curves, the maximum being considerably higher than any
of the other pressures, while the pressure towards the muzzle is,

on the other hand, considerably below the average.

I fear you may think I have kept you unnecessarily long
with these somewhat dry details, but I have had reasons for so
doing.

In the first place I desire to demonstrate to you the enormous
advances which have been made in artillery by the introduction

of the new explosives, and which we in a great measure owe to

the distinguished chemists and ^physicists who have occupied
themselves with these important questions.

Secondly, I desire to show you that the explosive which has
been adopted by this country, and which we chiefly owe to the
labours of Sir F. Abel and Prof. Dewar, is in ballistic effect

inferior to none of its competitors. I might go further and say
that it is decidedly superior.

add that in the present war it appears to have been handled in a
way worthy of the reputation of the corps.

I fear^he causes of some of our military failures at the com-
mencement of the war must be looked for in other directions,
and the present unfortunate war will turn out to be a blessing in
disguise, if it should awaken the Empire to the necessity of
correcting serious defects in our organisation, possibly the natural
result of our constitution ; and, in that case, the invaluable lives
that have been lost will not have been sacrificed in vain.

{ To be continued.

)

THE USE OF STEEL IN SHIPBUILDING.^
lyr ANY changes and developments in the constructioti of ships
^ * for the mercantile marine have taken place during the last

forty years. At the commencement of this period wood was
still the principal material employed for shipbuilding, and
although iron had been introduced for general shipbuilding

31 3* 3S

TRAVEL OF SHOT IN FEET.

Fig. 3.

Lastly, at a time when the efficiency of all our arms, and

especially our artillery, is a question which has been deeply

agitating the country, I may do some good by pointing out that

the authorities are well aware that any practicable velocity or

energy they may desire for their guns is at their disposal.

They have such guns, I mean guns with high velocity and

high energy—whether they have enough of them, and whether

they are always in the right place, is another matter, for which
perhaps the military authorities are not altogether responsible.

But velocity and energy is not the only thing that is required

under all circumstances in war, and I ask you to believe that if

the War Office authorities have, for their field guns, fixed on a

velocity yery much below what is possible, they have had sound

and sufficient reasons for so doing.

My firm and I, individually, have had much to do with the

introduction of the larger high-velocity and quick-firing guns

into our own and other services; but as an old artillery officer,

in no way responsible for our field guns, I may perhaps be al-

lowed to say that, whether as regards materiel or personnel,

our field artillery is inferior to none anywhere ; and I. venture to
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purposes some twenty years earlier, the record of new tonnage
added to the British Register in i860 shows only about 30 per

cent, to have been built of iron.

The general adoption of iron for shipbuilding on the Wear
dates from about the year 1863, and by 1880 it had, in that dis-

trict, entirely taken the place of wood. On the Clyde, Mersey
and Tyne, iron shipbuilding was adopted at an even earlier date.

So far back as 1855, iron had largely taken the place of wood
for shipbuilding on the Clyde.

The difficulty of preventing the fouling of the bottoms of

iron ships due to corrosion or marine growths, and the conse-

quent loss of speed, led to various attempts being made to

sheath the bottoms of iron ships and cover the wood sheathing

with copper, yellow metal, or zinc sheets. The result was the

introduction of the system of construction known as "Compo-
site," in which the framing was of iron, with wood planking

wrought on the iron frames, and sheathed with copper or yellow

metal.

1 Abstract of a paper read before the Institution of Naval Architects by
Mr. B. Martell.
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The early composite ships were classed as experimental, and

subject to biennial survey, in order that the condition of the

fastenings might be examined, and the effects of the galvanic

action set up by the iron framing and yellow metal sheathing

ascertained from time to time.

So far back as 1862, applications were made for vessels to be

classed which were to be built with puddled steel, but in the

absence of experience regarding the durability of steel, the Com-
mittee of Lloyd's Register felt it was not in their power to

sanction the proposal.

In 1864, however, a steam yacht of 2400 tons was built for

the Viceroy of Egypt under the survey of Lloyd's Register Sur-

veyors, and constructed partly of steel. A reduction of about

one-fourth was allowed in the steel scantlings from those re-

quired for an iron ship of the same size.

In April, 1876, Mr. James Riley, then manager of the Siemens

Steel Works at Landore, read a paper before the Institution of

Naval Architects on the production of mild steel, setting forth

the results of experiments that had been made with steel manu-
factured by the Siemens- Martin or open hearth process, and
showing the qualities of this material as to ductility and tensile

strength.

These results were placed before the Committee of Lloyd's

Register, and in 1877 plans from Messrs. J. Elder & Co. were

approved for the construction of two paddle steamers to be

[>IA»AM SHCW:NC TW rONNAU or iron MIO STUL VtSSCLf

BUILT MO RtCISTtRCO IN Wt UHlTtO KINCCOM SINCI TXCTt** «W

nm
built of this material for the English Channel service, with a
reduction of about 20 per cent, in the scantlings which had been
adopted for iron vessels.

In the same year, in consequence of a report which may be
found in the volume of Transactions oi this Institution for 1877,
it was decided to admit steel with scantlings 20 per cent, lighter

than prescribed for iron, in vessels building for classification,

subject to the material having a tensile strength of from 26 to

30 tons per square inch, and an elongation of 20 per cent, on a
length of eight inches. These limits of tensile strength have
since been raised to 28-32 tons.

The progress in the use of mild steel for shipbuilding purposes
may be judged from the fact that while in 1878 seven steel

vessels, of 4470 tons, were classed in Lloyd's Register, and 435
iron vessels, of 517,692 tons, the record for the year 1885 showed
118 steel vessels, of 165,437 tons, as compared with 260 iron

vessels, of 290,429 tons. As wood was superseded by iron as a
material for shipbuilding, so in its turn iron has given place to

steel. Of the total output of the United Kingdom during the
past year, 988 per cent, of the tonnage was built of steel, and
I 'I per cent, of iron. The iron tonnage was principally made
up of trawlers, and comprised no vessel of more than 303 tons.

The accompanying diagram shows the relative changes in the
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tonnage of steamers and sailing vessels of iron and steel bfilt

and registered in the United Kingdom since 1880.

Soon after the introduction of mild steel for shipbuilding pur-

poses, attention was given to the making of heavy steel castings

to take the place of iron forgings for stern frames, rudders, pro-

peller brackets, stems, quadrant tillers, &c. These castings are
required to be subjected to certain tests, and at the present time
are often adopted in place of iron forgings.

It may be here remarked that, notwithstanding the early

doubts as to the durability of steel, experience has shown that

where proper care is taken to thoroughly clean and paint the
surfaces, the deterioration is not appreciably greater than that

of iron. In some parts, however, such as thin deck plating,

and plating of inner bottom and floors under boilers, steel

appears to be more liable to deteriorate, and in consequence of
this, iron is often used for these parts in vessels otherwise con-
structed of steel.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—An appointment will ere long be made to the new
Wykeham professorship of physics, which will be endowed in

accordance with statute by New College. It is understood that

a portion of the space to be vacated in the

University Museum by the removal of the

Radcliflfe Library will be utilised, at least

temporarily, as a laboratory for the teach-

ing of electricity.

Merton College proposes to contribute,

out of its University Purposes Fund, the

sum of 700/. towards the cost of fitting up,

and 500/. towards that of maintaining for

two years, the new electrical laboratory,

provided that no further liability be hereby
undertaken by the College. This proviso

is intended to guard against the College

University Purposes Fund being regarded as

a permanent source of income. Messrs. W.
Peterson, principal of McGill University,

and John Fletcher, professor of Latin in

the University of Toronto, have been ap-

pointed as representatives of the University

at the centenary of the University of New
Brunswick, and Mr. W. R. Morfill, reader

in Russian, has been appointed representa-

tive at the five-hundredth anniversary of

the University of Cracow.
The statute making the degrees of

B.C.L. and D.C.L. accessible to persons

who have obtained a degree in arts in

other Universities, and study law in Oxford
although they have not been admitted to

the degree of B.A. , has been approved by
"" '" "• Congregation and Convocation ; and also

the decree instituting the new research

degrees of Doctor of Letters and Doctor of Science.

It is proposed that the necessary qualification for intending

candidates for the diploma in Geography shall be that can-

didates give satisfactory evidence that they have received -a good
general education, and not, as at first suggested, that they

should have passed the examination for the B.A. degree.

On May 22 the honorary D.C.L. degree was conferred upon
the following colonial representatives:—The Hon. Alfred

Deakin, the Hon. James R. Dickson, CM. G., and the Hon.
Sir Philip O. Fysh, K.C.M.G.
The 2 1 2th meeting of the Oxford University Junior Scientific

Club was held on Friday, May li. Papers were read by Mr.
S. A. lonides, Balliol, on " Microphotography," and by Mr.
P. Elford, St. John's, on " Chemists of the Nineteenth Century."

The following papers will be read during the course of the

present term :— " Musical Tetanus," Prof. Sir John Burdon
Sanderson, F.R.S. ; "The Labile Hydrogen Atom," Mr. A.
F. Walden, New College ;

'* A Method for Measuring the

Diameter of the Earth," Rev. T. C. Porter.

Cambridge.—Dr.
J[.

W. L. Glaisher, F.R.S., has been
appointed by the council of the Senate a governor of St. Paul's

School.
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Sydney University, New South Wales, has been placed on the

list of recognised schools of medicine.

The Rev. T. Wiltshire has founded a prize to be awarded
annually for proficiency in geology and mineralogy. The prize

is open to members of the University who have pa.ssed Part i.

of the Natural Sciences Tripos, and are not of more than ten

terms' standing.

Prof. J. Ward and Prof. R. Adamson, of Glasgow, are

appointed electors to the Gerstenberg studentship in philosophy,

open to students of natural science.

Prof. Leon Guignard has been appointed director of the
Paris School of Pharmacy.

Prof. Ludwig Boltzmann, of Vienna, has accepted the
invitation to the chair of physics in the University of Leipzig.

The Chemist and Druggist announces that Prof. Moissan
has been elected a member of the Paris Superior Council of
Public Instruction, in succession to the late M, Planchon,
deceased. He has also accepted the important post of pro-
fessor of chemistry at the Paris Sorbonne, in place of M. Troost,
who retires on account of advancing age.

SCIENTIFIC SERIALS.
American yournal of Science, May.—Notes on [the geology

of the Bermudas, by A. E. Verrill. The present Bermuda
Islands are the remnant of a very much larger island, covering
an area of about 300 to 400 square miles. A subsidence of at

least 80 to 100 feet took place at a comparatively recent period.

The Greater Bermuda, as well as the present Bermudas, are
composed of shell sand drifted from the sandy flats by the winds
in former times into hills, and afterwards consolidated by in-

filtration and exposure into what is known as Aeolian limestone.

The shell sand is constantly increasing in amount, chiefly by the
annual growth and death of small shells, as in former periods,

so that the total mass of the islands is probably still increasing

beneath the sea. The "red soil" of Bermuda is mainly the
residue left after the destruction and solution of the limestones.

The islands rest on the hidden summit of an ancient volcano.

—Some boiling point curves, by C. L. Speyers. The author
shows that the equation

N + n p

accounts for the boiling point curves of every mixture for which
the partial pressures of the constituents are known at some
temperature not very far from the boiling point of the mixture
under consideration.—Action of ammonium chloride upon natro-

lite, scolecite, prehnite and pectolite, by F. W. Clarke and G.
Steiger. The authors show how the ammonium chloride re-

action can be used for studying the chemical structure of these

minerals, and that the orthosilicate formulte for natrolite and
scolecite must be discarded.—Siliceous calcites from the Bad
Lands, Washington County, South Dakota, by S, L. Penfield

and W. E. Ford. The calcites obtained from the new locality

have a peculiar crystallisation, being steep hexagonal pyramids
instead of rhombohedra.—Studies in the Cyperacese, by T.
Holm. This paper deals with the segregates of Carex filifolia,

Nutt.—Mineralogical notes, by A. F. Rogers. Describes various

peculiar forms of gypsum and calcite. Twinned gypsum crystals

from Lebo, Kansas, possess hemimorphic orthorhombic symmetry
rather than monoclinic.—The Hayder Creek, Idaho, meteoric
iron, by W. E. Hidden. This meteorite, weighing 870 grammes,
was found at the bottom of a twelve-foot shaft. No companions
have been found.—Explorations of the Albatross in the Pacific,

by Alexander Agassiz. This is the author's fourth and last letter

to the U.S. Fisheries Commissioner on the cruise of the Alba-
tross. It describes the work in the EUice, Gilbert and Marshall
Islands, as well as the Carolines and Ladrones. The Truk
Archipelago was perhaps the most interesting of the island

groups of the Carolines, and it is the only group of the volcanic

islands surrounded by an encircling reef which the author has
seen in the Pacific, which at first glance lends any support to the

theory of the formation of such island groups as Truk by subsi-

dence. But a closer examination shows that this group is not an
exception to the general rule thus far obtaining in all the island

groups of the Pacific visited during this trip, that we must look
to submarine erosion and to a multitude of local mechanical
causes for our explanation of the formation of atolls and of
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barrier and encircling reefs, and that, on the contrary, subsidence
has played no part in bringing about existing conditions of the
atolls of the South and Central Pacific.

American Journal of Mathematics, vol. xxii. 2.—Remarks
concerning the expansions of the hyperelliptic sigma-functions, by
Oskar Bolza, are supplementary to two papers, by the same
writer, in vol. xxi. pp. 107-125 and pp. 175-190.—On a
certain class of groups of transformation in space of three
dimensions, by H. F. Blichfeldt, is the carrying on of an investi-

gation (by S. Lie) of groups of transformations in 3 variables,

defined by the properties : two points have one, and only one,
invariant ; s>2 points have no invariants independent of such
two-point invariants. This class belongs to a wider class in n
variables defined by the properties : not less than m > i points

may possess invariants, while s points, s>tn, may have no in-

variants independent of the w-point invariants. The wider
class includes the group of Euclidean motions in space of 2 or 3
dimensions, the group of translations in space of n dimensions,

the group of Euclidean motions and similar transformations in

space of 3 dimensions, &c. Certain groups are discussed and
their general properties stated.—Dr. L. E. Dickson, in a paper
on the canonical form of a linear homogeneous substitution in a

Galois field, gives a short proof by induction of a result which
M. Jordan had previously obtained by a rather lengthy analysis.

—

Dr. E. O. Lovett writes on families of transformations of straight

lines into spheres. If a plane tr containing two points E and E-^

moves upon a coincident plane ff^ containing two straight lines

^and^i, so that E remains upon g and E^^ upon g^, the two
planes form a mechanism possessing the following well-known
properties : Every point of a traces an ellipse upon <rj, and
every point of o-j traces a lima9on upon o- {cf. Chasles, Apercju,

p. 49), a circle c of radius a in <r rolls upon the inner side of a

circle c^ of radius 2a in (Tj. Every point of <r describes a straight

line passing through the centre of c^. Any two of these lines,

with the points which generate them, can be taken for g, g^ and
E, E^ in defining the movement. Mr. E. M. Blake's object,

in his article on the Ellipsograph of Proclus, is to study (i) the

curves generated by the points of a and o-j ; (2) the ruled surfaces

generated by any straight line carried by <r or a^ and not

parallel to them ; (3) the curves enveloped by any straight line

of rr or tr^ ; (4) the developables enveloped by carried planes (cf.

Cayley, on the kinematics of a plane, Q.J. xvi. 1878 ; Schell,

"Theorie der Bewegung und Krafte," i. pp. 227-230, and
articles by IJurmester).—Mr. N. J. Hatzidakis, in displacements

depending on one, two, . . . k parameters in a space of n di-

mensions, extends to the general case results obtained for 4
dimensions by Prof. Craig (vol xx. 2) and M. Darboux.—The
main object of Dr. G. A. Miller on the product of two substi-

tutions is to prove the following theorem :— If/, m, n are any
three integers greater than unity, of which we call the greatest

/•, it is always possible to find three substitutions {L, M, N) of

k-\-2ox some smaller number of elements, and of orders /, m, n
respectively, such that LM=-N.
Annalen der Physik, No. 4.—Temperature and potential

gradient in rarefied gases, by G. C. Schmidt. When a yacuum
tube is heated, the positive light becomes stratified. The
stratifications increase in breadth as the temperature increases.

Eventually, the positive light retires towards the anode, so that

the discharge becomes dark. At the kathode, on the other

hand, an increase of the temperature produces an extension of

the glow light, such as is produced by an increase of the current

strength. When the dark discharge has set in, the potential

gradient is greatest at the anode, and is proportional to the

distance from the kathode.—Mechanical motions under the

influence of kathode rays and Rontgen rays, by L. Graetz.

Rotations similar to those produced by Quincke in liquids may
be produced in air ionised by X-rays, by mounting light di-

electric bodies provided with agate caps on needle points in

the space between two condenser plates exposed to the rays.

The sense of the rotation depends upon the initial tendency,

except when the rotating body contains a metallic substance, in

which case the direction of rotation depends upon the direction

of the rays and the electric field. The rotations are explained

by the electrostatic forces between the wall of the tube and the

parts of the body charged by the ions. The author beUeves

that these rotations furnish an explanation for the rotations

under the influence of kathode rays first observed by Crookes.

—

Atomic and molecular magnetism, by S. Meyer. Special in-

vestigations of the magnetic susceptibilities of copper compounds
have shown that there is no essential difference between cupric
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.>nd cuprous compounds. Wherever the formation of a molecule

out of its constiluent atoms leads to a considerable contraction

of volume, the molecular magnetism is increased, so that the

result may even be a paramagnetic compound. Where, on the

other hand, there is expansion, the diamagnetism increases.

—

Energy of kathode rays, by W. Cady. The author discusses the

various methods of determining the energy of kathode rays.

The thermopile and the bolometer have undoubted advantages
as compared with the calorimeter, but it is necessary to know
how much of the energy incident upon them is reflected, and
how much energy is lost in the process of reflection. The
author bases his calculations upon the supposition that 40 per

cent, of the kathode energy is reflected, and that the amount of

energy lost during reflection is 30 per cent.—Electric arc

between metallic electrodes in nitrogen and hydrogen, by L.
Arons. The electromotive forces necessary to produce an arc

between metallic electrodes depends upon the nature of the

surrounding gas. In air, silver electrodes give a fine arc, but no
arc can be produced with them in nitrogen. Iron electrodes,

which require a high voltage in air, require only a very low
voltage in nitrogen.—Electrolytic records of electric currents,

by P. Gruetzner. The author gives details of the method of

recording alternating currents of high frequency with the aid of

iodine paper, and shows that for low voltages it offers decided
advantages over the dust-figure method.—Change of volume of

rubidium during fusion, by M. Eckardt. The fusing point of

rubidium is 37*80°. During melting, I gramme of rubidium
expands by o 01657 c.cm.

Symons's Monthly Meteorological Magazine, May.—Meteoro-
logical extremes : wind-force. This is the third of a valuable
series of articles ; the first two referred to pressure and tempera-
ture. The difficulties are far greater than in the other cases, as

in determining wind-force observations no homogeneity exists

either as regards the instruments employed, or the units of the
various scales in which the results, either instrumental or esti-

mated, are expressed. The instrument most generally used is

Dr. Robinson's cup-anemometer, the few others being chiefly
' ler's or Dine's pressure anemometers. In the velocity instru-

:Us the factor for obtaining the true velocity of the wind
lends upon the length of the arms and the size of the cups.

Until recently the factor used has been 3, but more recent

;
experiments have shown that the speed at the cups should be
multiplied by the factor 22, so that some very high velocities
fninierly recorded should be reduced by nearly one-third.
Among the highest velocities recorded in this country (reduced
by the new factor 2-2), we may mention a severe gale in the

I

Irish Sea in January 1899, in which a rate of 90 miles per hour
i
was recorded in one gust ; the maximum mean force for an hour
•^< Fleetwood was 75 miles. The highest recorded velocity in a

was recorded by Dines's anemometer at Rousdon, in South
m, in March 1897, viz. at a rate of loi miles per hour. At

w.eenwich a pressure of 51^ lbs. on the square foot was recorded
Mil January 18, 1881, which is equivalent to a velocity of about
130 miles per hour, but there is good reason for believing that

I in strong winds the records of these pressure plate anemo-

I

meters are occasionally much too high. It is still a moot ques-

I

tion, what is the strongest force that the wind attains, and whether
the force in some of the gales which visit our exposed shores
from the Atlantic is much exceeded in tropical cyclones.

Bollettino della Societa Sismologica Italiana, vol. v. 1899-
I
1900, No. 7.—List of earthquakes observed in the East, and

' especially in the Ottoman Empire, during the j ear 1896, by
' Agamennone. An extract from a paper noticed in Naturf;,

Ixi. p. 400.—The Etnean earthquake of May 14, 1898, by
Kicco. The epicentre was at S. Maria di Licodia on the

south-west slope of Etna, and the focus must have been shallow,
for the shock was strong enough to damage many buildings near
the centre of a small disturbed area.—Notices of earthquakes
recorded in Italy (October ll-November 19, 1898), by A. Can-
cani ; the most important being earthquakes in Sicily on
November i, 2 and 3, Dalmatia on November 8, the Ionian Sea

I

on November 9, and distant earthquakes on October 12 and
November 17.

I No. 8.—The Modena-Bologna earthquake of the night of
February 1-2, 1900, by G. Agamennone. A slight shock, with
a disturbed area of about 60,000 sq. km., but recorded by a

j,
seismograph at Lubiana (330 km. from the epicentre).—On an

ji electrothermic phenomenon in electrical contacts with slight
I pressure, by A. Cancani.—Latian earthquake of July 19, 1899,
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J

by A. Cancani, a paper noticed in Nature, vol. Ixi. p. 573.

—

Notices of earthquakes recorded in Italy (November 21 -Decem-
ber 31, 1898), by A. Cancani, the most important being distant

earthquakes on December i and 3.—On a new form of multipli-

cation applicable to seismic movements and on a new seismo-
scope founded on the same, by G. Pericle.

Bulletin de la Society des Natiiralistes de Moscoit, 1899, No. i.

—Meteorological observations at Moscow in 1898, by E. Leyst.

—

On the development of green algues under conditions excluding
the assimilation of carbon-dioxide, by Dr. A. Artari.—On the

Hedysarutn species (15) found in European Russia, Crimea and
Caucasia, by B. Fedtschenko.—On the Hydrachnids of the neigh-

bourhood of Moscow, by A. Croneberg (plate). Forty-nine

species, several of which are new, are described.—On the

iron-ores {tiirjit) of the South Urals, by J. Samoiloflf. All

these articles, with the exception of the last one, are in German,
or contain German resumes.—Notes on Coleoptera of European
Russia and Caucasia, by A. Semenoff.

Memoirs of the Mathematical Section Oj the Novorossian
{Odessa) Society of Naturalists, vol. xix.—Foundations of a
theory of analytical functions, by J. Timtchenko, continued
from vols., xii. and xvi. This part contains the history o£

certain special questions, the discussion of which has mainly
contributed to the development of the theory of these functions.

Memoirs of the Kazan Society of Naturalists, \o\%. xxxii. and
xxxiii.—Materials relative to the flora of the northern boundaries
of the black-earth region, by S. Griegorieff.—The corals of the
Devonian deposits in the Urals, by N. Bojartsen (one plate).

Filty-six species are enumerated, several of these, as also one
genus [Nicholsonia), being new.—On the saliva glands oi Peri-

plancta orientalis, by A. Lebedeflf (plate).—The Ranunculacea?
of Russian Turkestan, by Olga and Boris Fedtschenko. One
hundred and fifty-eight species are enumerated, forty-three species

being endemic, and thirty-eight species belonging to the Alpine
region. A suggestion for the determination of the Turkestan
species is given. All articles are summed up either in French
or in German.

SOCIETIES AND ACADEMIES,
London.

Royal Society, May 10.—" On Certain Properties of the
Alloys of Gold and Copper." By Prof. Sir W. C. Roberts-
Austen, K.C.B., F.R.S., and T. Kirke Rose, D.Sc.
The alloys of gold and copper, which are of great industrial

importance owing to their use in coinage, have not been sub-
jected hitherto to systematic examination. It has been assumed
that they differ widely from the silver-copper series, which has
been studied from different points of view, but there is very
little evidence on which this view can be based.

Examination with the aid of a thermo-couple and autographic
recorder shows that the freezing-point curve of the gold-copper
series consists of two branches setting out from the points of
solidification of the pure metals and meeting at a point, which -

is the freezing point of theeutectic. The eutectic contains about
82 per cent, of gold and 18 per cent, of copper, or about 60 atoms
of gold to 40 of copper, and solidifies at 905°, The general

,

shape of the curve therefore resembles that of the silver-copper
series when the abscissas give the relative number of atoms.

Under the microscope, alloys containing more than 82 per
cent, of gold show a minutely granular structure in which it is

not certain that two constituents can be distinguished. The
section of standard gold containing 91 "6 per cent, of gold bears
a close resemblance to that of standard silver prepared in the
same way. The alloy with 80 per cent, of gold shows the
characteristically-banded eutectic structure almost exclusively,

and the alloys with less gold consist of crystals of copper set ia
a matrix of the eutectic.

Another point of similarity between the gold-copper and
silver-copper series is that both the eutectics are brittle and_
show scarcely any extensibility ; they differ in these respect from,
most other eutectics. Analysis of various portions of ingots of
standard gold reveals the fact that liquation takes place as.

definitely as in standard silver, the difference in compositiork,

between the centre and the outside of similar ingots being, how-
ever, three or four times greater in standard silver than ia
standard gold. In the latter case, the centre contains from
o'3 to I'o part per 1000 less gold than the outside.
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It follows from these results that the gold-copper series of

alloys presents many points of similarity with the silver-copper

series, and that the main difference is only one of degree, copper

being apparently more soluble in gold in the solid state than in

silver.

Geological Society, April 25.—J. J. H. Teall, F.R.S.,

President, in the chair.—The President read the following

resolution which had been passed unanimously by the Council :

" That this Council desire to place on record their deep sense

of the loss which both science and literature have sustained in

the death of the Duke of Argyll, who was the oldest surviving

past- President of the Geological Society" ; and stated that on

behalf of the Council he proposed to communicate a copy of the

resolution to the Duchess of Argyll, coupled with an expression

of respectful sympathy.—On a complete skeleton of an Ano-
modont reptile from the Bunter Sandstone of Reichen, near

Basel, giving new evidence of the relation of the Anomodontia
to the Monotremata, by Prof. H. G. Seeley, F.R.S. The
author discusses various views which have been expressed with

regard to the position of the Labyrinthodonts. He has already

separated these animals from the Amphibia and combined them
with the Ichlhyosauria in a group of reptiles named Cordylo-

morpha, and he enumerates a series of characters which

constitute so close a link between the two types " that it is not

possible, in the absence of evidence, to conceive of their being

referred to different classes of animals." In conclusion, the

author argues that the points of structure are so few in which
Monotreme mammals make a closer approximation to the higher

mammals than is seen in the fossil described and other Anomo-
dontia, that the Monotreme resemblances to fossil reptiles

become increased in importance. He believes that a group

Theropsida might be made to include Monotremata and Ano-
modontia, the principal differences (other than those of the

skull) being that Monotremes preserve the marsupial bones and

the atlas vertebra. Ornithorhyiichus shows pre-frontal and

post-frontal bones, and has the malar arch formed as in Anomo-
donts and some other reptiles.—On Longmyndian Inliers at

Old Radnor and Huntley (Gloucestershire), by Dr. Charles

Callaway. The grits, with some associated slaty bands, forming

a ridge near Old Radnor were considered by Sir Roderick

Murchison to be M\y Hill Sandstone. The author has dis-

covered that one of the beds of Woolhope Limestone, dipping

westward, is crowded with rounded and angular fragments of

grit bearing a general resemblance to the arenaceous parts of

the Old Radnor Group.
May 9.—J. J. H. Teall, F.R.S., President, in the chair.

—The Pliocene deposits of the East of England. Part ii. :

The Crag of Essex (Waltonian), and its relation to that of

Suffolk and Norfolk, by F. W. Harmer, with a report

on the inorganic constituents of the Crag by Joseph Lomas.

Three divisions of the Red Crag are proposed, namely, Wal-
tonian, Newbournian and Butleyan, which are distinguished

alike by the difference of their faunas, and by the position which

they occupy. The first, with its southern shells, is confined to

the county of Essex ; the second, containing a smaller propor-

tion of southern and extinct, and a larger proportion of northern

and recent species, occupies the district between the Orwell and

Deben, and a narrow belt of land to the east of the latter river
;

the third, in which Arctic forms such as Cardium gi-oenlandicum
are common, is found only farther north and east. All these

beds are believed to have originated in shallow and land-locked

bays, successively occupied by the Red Crag sea as it retreated

northward, which were silted up, one after the other, with

shelly sand. The conditions under which the Red Crag beds

originated seem to exist at the present day in Holland, where

sandy material brought down by rivers, with dead shells in

great abundance from the adjacent sea, is being thrown against

and upon the coast, principally by means of the westerly winds

now prevalent. From meteorological considerations, it seems

probable that strong gales from the east may have prevailed

over the Crag area during the latter part of the Pliocene epoch.

^^A description of the Salt- Lake of Larnaca in the Island of

Cyprus, by C. V. Bellamy. After a brief description of the

geheral geology and geography of the island, the author pro-
• ceeds to deal with the topography of the lake, which occurs in

a' basin shut off from the sea, its deepest part being about 10 feet

below sea-level. The barrier between the salt-lake and the sea

is made of stiff calcareous clay associated with masses of con-

glomerate resting on plastic clay, that on watery mud, and that

again on stiff calcareous clay. The sea-water appears to per-
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colate through the highest deposits, meeting with checks in the

conglomerates, and thus reaches the basin somewhat slowly,

where it is evaporated to dryness by the summer heat and
deposits its salt. Artificial channels have been made, to carry

the flood-water from the land direct to the sea, so that it does

not dilute the brine of the lake. The rainfall in the catchment-

area round the lake is at the most only enough to supply 223
million gallons, and as the lake contains 480 million gallons

when full, the balance of 257 million gallons must be derived

from the sea. The lake is probably situated on what was an
extensive arm of the sea at the close of the Kainozoic era. The
salt-harvest begins in August, at the zenith of summer heat,

and it is reported that a single heavy shower at that time of

year suffices to ruin it. Observations are given on the density

of the water, the plants and animals in the water, and the lake-

shore deposits."

Zoological Society, May 8.—Dr. W. T. Blanford, F.R.S.

,

Vice-President, in the chair.—Mr. Sclater exhibited a mounted
specimen of a male reedbuck, which had been obtained by Mr.

Ewart S. Grogan on the Songwe River, north of Lake Nyasa.

The specimen was of about the same size as the common
reedbuck {Cervkapra artindimim), but differed from that

species in several important points, Mr, Sclater considered it

referable to a new species, and proposed to name it Cervkapra
thomasinae.—Mr. C. Davies Sherborn made some remarks on

the progress of his " Index Generum et Specierum Animalium,"

of which he expected the first portion ( 175 1 -1800), containing

about 60,000 entries, to be ready for publication at the end of

this year.—Mr. G. A. Boulenger, F.R.S., read a paper on the

batrachians and reptiles collected by Mr. G. L. Bates in the

Gaboon (French Congo), among which were specimens of ten

new species and five new genera of the former, and of one new
species of the latter, which were described. These descrip-

tions were incorporated with a list of the previously known
species from the Gaboon, by which it was shown that the

batrachians known from this country reached thirty-nine in

number and the reptiles eighty,—Mr. W. R. Ogilvie Grant read

a paper on the birds of the Hainan, based on a collection sent

home by the late Mr. John Whitehead from the Five-Finger

Mountains in the interior of the island. Examples of many
interesting species had been procured, which were either new to

science or to the fauna of the island. Among the former, which .

numbered eleven, were mentioned a splendid silver pheasant, a

remarkable night-heron, and a peculiar brown-and-white jay of

the genus Urocissa. The paper contained a complete account

of the avifauna of Hainan as known at the present time.—Mr.

Philip Crowley read a paper on the Rhopalocera collected by

the late Mr. John Whitehead on the Five-Finger Mountains in

the interior of Hainan. Specimens of 108 species were

contained in the collection, of which eight were described as

new, and many others were recorded from that island for the

first time.—Mr. J. S. Budgett read a paper, entitled "Some
points in the anatomy of Polypterus," as deduced from an

examination of specimens lately procured by the author in the

River Gambia.—Mr. G. A. Boulenger gave a list of the fishes col-

lected by Mr. J. S. Budgett during his recent expedition to the

Gambia. Among these were examples of two new species,

which were proposed to be named Clarius budgetti and

Synodontis ocellifer. Altogether specimens of forty-two species

of fishes were obtained by Mr. Budgett from the river.

Mathematical Society, May 10,—Prof. Elliott, F.R.S.,

Vice-President, in the chair,—The chairman having read the

by-laws bearing upon the subject of the special meeting, an-

nounced that it was proposed " that by-law iv, i, be amended by

substituting the words ' half-past five o'clock in the afternoon
'

for ' eight o'clock in the evening.' " The motion having been

seconded by Dr. J. Larmor, F.R.S., was carried unanimously.

—At the ordinary meeting, Dr.Glaisher, F,R.S., communicated

a congruence theorem relating to Eulerian numbers and other

coefficients.—Prof, Lamb, F.R.S., spoke briefly on a peculiarity

of the wave-system due to the free vibrations of a nucleus in an

extended medium.—Prof. Love, F.R.S., gave a description of

some diagrams illustrating a paper, by Mr. J. H. Michell, which

treats of distributions of stress in two dimensions.—The follow-

ing papers were communicated by their titles :—The differential

equation whose solution is the ratio of two solutions of a linear

differential equation, by Mr, M, W. J. Fry ; Note on a quin-

quisectiohal equation, by Prof. L, J,
Rogers ; On the differ-

entiation of single, theta functions, by. the Rev, M. M, U.
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Wilkinson ; and lineaE substitutions commutative with a given

ilistitution, by Dr. L. E. Dickson.—Lieut. -Colonel Cunning-
iiam, R.E., V.P., showed that numbers which are expressible

in the two forms N =^ -?'-^ = '^ "^ ---^ are always com-
ix a

posite, when /tv= /»''; and showed how to reduce them to

the forms N = X^ + yuvV*= X'^ + ^vY'^, the factorisation of which

is known from Euler's researches.

Royal Meteorological Society, May 17.—Dr. C. Theodore
Williams, President, in the chair.—A paper was read on the

Wiltshire whirlwind of October i, 1899, which had been pre-

pared by the late Mr. G. J. Symons, F. R.S., a few days before

he was stricken down with paralysis. This whirlwind occurred

between 2 p.m. and 3 p.m., commencing near Middle Winter-

slow and travelling in a north-north-easterly direction. The
length of the damage was nearly twenty miles, but the average

breadth was only about ICX) yards; in this narrow track, how-
ever, buildings were blown down, trees were uprooted, and
objects were lifted and carried by the wind a considerable dis-

tance before they were deposited on the ground. Fortunately

the greater part of the district over which the whirlwind passed

was open Down, otherwise the damage and perhaps loss of life

would have been considerable. At Old Lodge, Salisbury, the

lifting power of the whirlwind was strikingly shown by several

wooden buildings being lifted up and dropped down several feet

north-west of their original position. At a place eighteen miles

from its origin the whirlwind came upon a rick of oats, a con-

siderable portion of which it carried right over the village of

Ham and deposited in a field more than a mile and a half away.
—A paper by Dr. Nils Ekholm, of Stockholm, was also read on
the variations of the climate of the geological and historical past

and their causes. In this the author attempts to apply the

results of physical, astronomical and meteorological research in

order to explain the secular changes of climate revealed by
geology and history.

Dublin.

Royal Dublin Society, February 21.—Prof. G. F. Fitz-

gerald, F.R.S., in the chair.—Prof. W. N. Hartley, F.R.S.,

ommunicated his papers on the action of heat on the ab-

sorption spectra and chemical constitution of saline solutions,

ind on the occurrence of cyanogen compounds in coal-gas,

ind of the spectrum of cyanogen in that of the oxy-coal-gas

ilame.—Prof. E. J. McWeeney gave an account of the ! recently

demonstrated connection between mosquitoes and malaria, with

a lantern demonstration of the life-history of the former.—Prof.

T. Johnson communicated a note on Sclerotium disease of

Jerusalem artichoke grown at Greystones, county of Wicklow.
March 21.—Dr. F. T. Trouton, F.R.S., in the chair.—Dr.

G. H. Pethebridge read a paper, entitled "Contributions to the

knowledge of the action of inorganic salts on the structure and
development of plants."—Mr. R. J. Moss (in the absence of

Dr.W. E. Adeney) communicated a paper, by Prof. E. A. Letts

and Messrs. Blake, Caldwell and Hawthorne, on the nature

and speed of the chemical changes which occur in mixtures of

sewage and sea-water.—Prof. J. Joly read a paper on the theory

of the order of formation of silicates in igneous rocks, which was
^illustrated by a diagram (see p. 84).

April 25.— Prof. J. Emerson Reynolds, F.R.S., in the chair.

-Prof. J. Emerson Reynolds, P\R.S., read a paper on recent

lalyses of the Dublin gas supply, and observations thereon.

—

*rof. G. A. J. Cole communicated a paper by himself and Mr.

^. A. Cunningham on certain rocks styled '* felstones," occur-
"
ig as dykes in the county of Donegal.

Edinburgh.

Royal Society, May 7.—Sir Arthur Mitchell, K.C.B., in the

liair.—Mr. JohnAitken, F.R.S., read a paper on the dynamics
Fcyclones and anticyclones, Part ii. , which wais illustrated by an
jenious experiment showing the production of vortex columns
the air. Over the upper metal surface of a flat box through

^hich steam was blown was spread a sheet of brown paper

ioroughly soaked with hot water. A steady gentle blast of

was driven across this steaming surface by means of a rotating

; and when a barrier was intercepted so as to cut off half of

le surface from the direct effect of the blast, a succession of

rhirls was started at the boundary between the sheltered and
sheltered parts of the surface. These whirls were plainly

sible in the columns of rotating cloud, and showed on a small
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scale some of the characteristics of cyclones. According to Mr.
Aitken's mode of looking at the phenomenon, the blast of air

produced by the fan is analogous to the anticyclonic marginal

wind which is regarded as driving the cyclone. The relations be-

tween the upper and lower currents in a cyclonic movement
were also illustrated in the experiment.—Mr. R, C. Punnett
communicated a paper on certain Nemerteans from Singapore,

in which several facts of morphological interest were brought
to light, notably the presence, in one species, of ducts placing

the anterior portion of the alimentary canal in communica-
tion with the excretory system, and so with the exterior ; and
the different features shown in the termination of the lateral

nerve-cords in a single genus where there might be a commis-
sure either above or below the rectum, or else no commissure
at all.—Mr. R. T. Omond, in a paper on the reduction to sea-

level of the Ben Nevis barometer, pointed out that, using the

ordinary reduction formula, we get an appreciable difference be-

tween the observed sea-level pressure at Fort William and the

reduced Ben Nevis reading. Leaving out of account all cases

in which strong winds were blowing, Mr. Omond had worked
out in detail the hourly readings for a period of time extending
over six years, and gave reasons for his belief that the dis-

crepancy noted above was due to a false estimate of the average
temperature of the air between Fort William and Ben Nevis.

This average was not the mean of the bottom and top tem-
peratures.

Mathematical Society, May 11.—Mr. Muirhead, Presi-

dent, in the chair.—A theorem in continued fractions (Prof.

Steggall), on certain elementary inequality theorems (Prof.

Gibson), note sur un probleme de geometrie (Mons. Ed. Col-

lignon) ; communicated by Dr. Mackay.

Paris.

Academy of Sciences, May 14.—M. Maurice Levy in

the chair.—On a zenitho-nadiral apparatus designed to measure
the zenithal distances of stars near the zenith, by M. A. Cornu.

In front of a horizontal telescope carrying a wire micrometer is

placed a special arrangement of two mirrors making an angle

with each other of 90°. Four images can be seen simultaneously,

that of the star near the zenith, the cross wires, the reflection of

these wires in the mercury bath, and the image of the wires

from the special reflector. When the image of the movable
wire coincides with its reflected image from the mercury bath,

the nadiro-zenithal image of this wire passes through the zenith,

whatever may be the deviation from a right angle of the angle

between the mirrors. The arrangement possesses important

advantages over the methods at present in use.—Remarks
on a meteor which fell in Bolivia on November 20, 1899,

by the French Charge d'Affaires at La Paz.—On divergent

series, by M. Le Roy.—On the representation of non-

uniform functions, by M. L. Desaint.—On a modifi-

cation which metallic surfaces undergo when submitted

to light, by M. H. Buisson. Under the influence of light, the

metallic surface changes its state as measured by the rate at

which it loses a charge of electricity, this change not being per-

manent but gradually disappearing when the radiant energy is

cut off.—On the thermoelectric properties of some alloys, by

M. Emile Steinmann. The alloys studied were ten nickel

steels, four samples of platino-iridium, three of aluminium
bronze, five telegraphic bronzes, five bra.sses, and four of

German silver, at temperatures ranging from 0° to 260° C. In

the binary alloys the observed electromotive forces are arranged

in the order of magnitude of one of the components, but no
simple relation could be deduced between the electromotive

force and chemical composition in the case of nickel steel or of

ternary alloys.—Duplex and diplex transmission by electric

waves, by M. Albert Turpain.—Experiments in wireless tele-

graphy from a free balloon, by MM. J. Vallot, J. Lecarme
and L. Lecarme. It was found to be possible to transmit

messages to the balloon without an earth wire, even up
to a distance of six kilometres and a vertical height of

800 metres.—An arrangement designed to prevent the inter-

ception of despatches in wireless telegraphy, by M. D. Tommasi.
—On the hydrated calcium peroxides, by M. de Forcrand. A
thermochemical paper.—On the allotropic transformations of

the alloys of iron and nickel, by M. L. Dumas.—Preparation
of some aluminium compounds and of the corresponding hydro-

gen derivatives, by M. Fonzes-Diacon. Details are given of

the preparation of aluminium sulphide, selenide, phosphide,
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arsenide and antimonide. By the decomposition of these

substances the hydrides HjS, HaSe, PH3 and AsHj are ob-

tained in a very pure state. HbH., can also be prepared in

considerable quantity.—The estimation of thallium, by M. V.

Thomas. The oxidation of thallous to thallic salts is carried

out with bromoauric acid, the precipitated gold being weighed.
Provided that the quantity of thallium present is not too small,

the results are very exact.—Action of anhydrous aluminium
chloride upon acetylene, by M. E. Baud. The aluminium chloride

absorbs nearly four times its weight of acetylene, hydrogen,
marsh-gas and ethy lenic hydrocarbons being evolved. Complicated
condensation products are formed, which are being further ex-

amined.—Some new organometallic combinations of magnesium
and their application to syntheses of alcohols and hydro-
carbons, by M. V. Grignard (see p. 85).—Santalenes and
santalols, by M. M. Guerbet. A description of the isolation

of two alcohols and two hydrocarbons from essence of sandal-

wood, together with the products resulting from the action of

acetic acid, hydrochloric acid, and nitrosyl chloride upon the

hydrocarbons and acetic anhydride, and phos phorus pentoxide
upon the alcohols.—On tyrosinase, by M. C. Gessard. Tyrosinase
is a ferment isolated from fungi, it possessing oxidising powers,
giving a red oxidation product with tyrosin.—On the oxidation
of erythrite by the sorbose bacterium and production of a new
sugar, erythrulose, by M. Gabriel Bertrand (see p. 85).

—

On the amount of iron in haemoglobin from the horse, by
MM. L Lapicque and H. Gilardoni.—On a method allowing
of the extraction of the sugar from molasses by means of the

ordinary boiling apparatus, by M. Paul Lecomte.—Chlorophyll
assimilation in plants confined in rooms, by M. Ed. Griffon.

—

A new self-registering apparatus for continuous currents, by
MM. Auguste and Louis Lumiere.

CornNG EN.

Royal Society of Sciences.—The Nachrichlen (mathe-
matico-physical section), Part iii., for 1899, contains the following

memoirs communicated to the Society :

—

October 28, 1899.— E. Riecke : Lichtenberg figures in the

interior of Rontgen tubes.—W, Voigt : on a problem of

Kohlrausch's in thermodynamics.— P. Gordan : new proof of

Hubert's theorem on homogeneous functions.

November 25.—W. Kaufmann : outlines of an electro-

dynamical theory of gaseous discharges (Part i)..

December 14.—W. Kaufmann : the same (Part ii. ).

December 9.—G. Bohlmann : a problem concerning the
" smoothing-out " of statistical curves.

January 13, 1900.—S. Kantor : a theorem in determinants.
—A. Schoenfiies : a proposition in the analysis of position.

—

E. Neumann : on Robin's method for determining electrostatic

potential.

February 8.—W. Voigt : remarks on the theory of so-called

thermomagnetic effects.

February 3.—E. Zermelo : on the motion of a system of
points in relation to inequations of condition.

February 17.—A. von Koenen : on the age of North German
Wealden formation

(
Wdlderlhon).

Amsterdam.

Royal Academy of Sciences, April 21.—Prof. H. G. Van
de Sande Bakhuyzen in the chair.—The following papers were
read :— Prof. Kluyver on approximation formulae concerning the
prime numbers, not exceeding a given limit. The author shows
that it is possible to express the approximate value of the sum
of the ( — J-)th powers of these prime numbers, if only their

total number be given. A similar formula gives an approxima-
tion to the value of the logarithm of the least common multiple
of all integers below a given number.—Prof Winkler, on behalf
of Mr. M. A. van Melle, on some reflexes in respiration in con-
nection with Laborde's method of reestablishing respiration

stopped by narcosis by rhythmically pulling the tongue.—Prof.

Franchimont, on behalf of Dr. Greshoff, on Echinopsine, a new
crystalline vegetable base. This communication was accom-
panied by remarks by Prof. Kobert, of Rostock, and Prof. Ver-
schaffelt, of Amsterdam.—Prof, van Bemmelen, on behalf of
Dr. F. A. H. Schreinemakers, on the composition of the vapour
phase in the system of water and phenol with one and with two
liquid phases.— Prof. Bakhuis Roozeboom, {a) on behalf of Dr.
A. Smits, on decreases in vapour tension and rises of the
boiling point in the case of diluted solutions ; {fi) on behalf of
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Dr. Ernst Cohen, on thermodynamics of Clark's normal
element.—All the above papers will be inserted in the Pro-
teedim^s.—The following papers were presented for publication

in the Pi-oceedings

:

— (a) One by Prof. Schoute, entitled

'*
Joachimsthal Theorem for Normal Curves"; (d) one by

Prof Bakhuis Roozeboom, on behalf of Dr. Ernst Cohen,
entitled " Studies on Inversion (L)."
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Meeting.
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Strength of Ductile Materials under Combined Stresses : J. J. Guest.
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Society of Arts, at 8.—Russian Central Asia ; Countries and Peoples :

A. R. Colquhoun.
THURSDAY, May 31.

Royal Society, at 4.30.

—

Probable Papers : Palaeolithic Man in Africa :

Sir John Evans, F.R.S.—On the Estimation of the Luminosity of
Coloured Surfaces used for Colour Discs : Sir W. de W. Abney, F.R.S.
—The Sensitiveness of Silver and of some other Metals to Light : Major-
General Waterhouse.—The Crystalline Structure of Metals (Second
Paper): Prof. Ewing, F.R.S., and W. Rosenhain.—'1 he Exact Histo-
logical Localisation of the Visual Area of the Human Cerebral Cortex :

Dr. J. S. Bolton.—Vapour-density of Bromine at High Temperatures
(Supplementary Note): Dr. E. P. Perman and G. A. S. Atkin.son.

FRIDAY, June i.
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Gioi.ogists'Association, at 8.—Our Older Sea Margins : Sir Archibald

Geikie, F.R.S.
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THURSDAY, MAY 31, 1900.

A LIFE OF SCHONBEIN.
Christian Friedrich Schonbein^ 1799- 1868. Ein Blatt

zur Geschichte des 19. /ahrhunderfs. Von Georg W. A.

Kahlbaum und Ed. Schaer. I. Theil. Pp. xix + 230
(Leipzig : Johann Ambrosius Barth, 1900.)

THIS work forms the fourth part of the series of mono-
graphs on the history of chemistry being published

under the editorship of Prof. Kahlbaum, of Bale, whose
qualifications for the task have already been made known
to English men of science m the notices of two of his

earlier volumes published recently in these columns.^ The
present mstalment covers the period from the time of

Schonbein's birth to the year 1849, and is divided into

four sections, which comprise respectively the intervals

1799-1820, the " Wanderjahre " 1820-1828, the resi-

dence at Bale from 1828 till the discovery of the passivity

of iron towards the end of 1835, and the prosecution of

the researches on the latter subject and on cognate elec-

trical subjects from 1836 till 1849. There is a supple-

mentary section dealing with Schonbein as a teacher and
friend, which is by no means the least interesting part of

the present volume. A perusal of the work will not only

convince its readers that Schonbein was altogether a
remarkable man as a thinker and experimenter, but that

his personality and work could not have fallen for delinea-

tion and estimation into any better or more appreciative

hands than those of Dr. Kahlbaum and his colleague.

The subject of the present biography was born at

Metzingen, in Schwabia, on October 18, 1799. Passing
over his boyhood, it appears that in his fourteenth year
he made his first start in life as a pupil in the chemical
and pharmaceutical factory 'of Metzger and Kaiser at

Boblingen, so as to become a practical chemist. He
suffered much at first from home-sickness, which, the
authors tell us, is a purely German ailment :—

" Dasbittere Leiddes Heimwehs, dieseriicht deutschen
Krankheit, die Englander und Franzosen haben kaum ein
eigenes Wort dafiir, &c."

.After seven years in this factory, he went, in 1820, into

Dr. J. G. Dingler's factory for chemical products at

.Vugsburg, on which occasion it is noteworthy that he
underwent his only examination, and obtained his only

certificate from Dr. Kielmeyer, of Stuttgart. The original

document, which has been obtained by Dr. Kahlbaum,
testifies that at that time Schonbein was possessed of a

>d scientific and practical knowledge of chemistry. Dr.

pngler's letter, setting forth the qualifications which he
)ected on the part of the young man whom he was
inking of engaging, is dated March 20, 1820, and as

[revelation of the state of aflTairs in a German establish

-

snt during the early part of the nineteenth century, it will

pay careful perusal. The chemist required by him was
have scientific rather than ordinary routine chemical
)wledge

; he was to have at the same time something
re than a superficial acquaintance with chemistry, in

!er that he might be able to carry out the analytical

rk required of him ; he was to have a knowledge of

1 Xatuke, February 8, p. 337 ; and March 29, p. 513.
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languages, so as to be able to translate, at least from

French ; he was to be possessed of moral rectitude, and

to be entirely worthy of confidence. He was to come on

probation for fourteen days, and if not found suitable he

was to be sent back " carriage paid " (" bei Vergiitung der

Reisekosten "). If found suitable, he was to be boaided

and lodged, and to receive from 200 to 300 florins per

annum, with an increase to follow.

As the editor points out, Schonbein must have made
good use of his time at Boblingen, since he seems to have

come up to Dingler's requirements, and was appointed to

the Augsburg factory ; but before entering upon his duties

he drew a fatal conscription number, and had to undergo
a short term of military service. It appears, however,

that he was soon discharged from this duty, through the

intervention of the King, and in May 1820 he was
" militarfrei."

The eight years from 1820-28 must have been years of

great activity in Schonbein's early life. He remained
only a few months at Augsburg, and then travelled from
one University to another. His name is associated during

this period with the Universities of Tiibingen and
Erlangen. While studying at the latter place, where he
had Liebig for a contemporary, he was also holding the

appointment of director in Adam's factory at Hemhofen,
but finding that his factory work interfered with the pro-

secution of a regular course of study at the University,

Mr. Adam relieved him of this work, and assisted him
pecuniarily by appointing him tutor in his family.

Among many other interesting episodes in Schonbein's

career at this period is his sojourn in England, which
appears to have been the outcome of a taste for pedagogy
inspired by his friend Christian Friedrich Wurm, who
subsequently became professor of history in the Ham-
burg gymnasium—a man of many parts, a master of the

English language and an ardent disciple of Pestalozzi,

whose works he had translated into English. It was in

1826 that the young Schonbein entered the service of Dr.

Mayo, who kept a school at Epsom, where Wurm was
already engaged, for the purpose of imparting instruction

in mathematics and natural philosophy on Pestalozzian

principles in return for " 50/. sterling per annum ; with

board, lodging and washing." The description of Dr.

Mayo's establishment given by Wurm, and the criticisms

which he makes upon the English educational methods
of that time, are preserved in a letter to Schonbein

written from Epsom in 1825, and published by Dr.

Kahlbaum in the present volume. The editor comes
to the conclusion that the Epsom academy was as

far removed from the ideal Frobel institute as the classical

establishment of Dr. Blimbers at Brighton, in which
young Paul Dombey was " forced " to death. Schonbein

appears, however, to have made the best of his oppor-

tunities while in England, and to have paid visits to

London and to Scotland, making friends and acquaint-

ances, and gleaning knowledge wherever he went. In

1827 he left for Paris, and a long extract from his diary

of travel, reprinted in the present work, is full of most
interesting comparisons of English with French modes of

travelling, and of the personal characteristics of the two
nations. While Anglophobia, judging from some of the

correspondence received by Schonbein at that time,

F
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appears even then to have existed in Germany, it is satis-

factory to learn that he was never influenced by it :

—

" Dann war g^erade ihni der afflammende Strohfeuer-
enthusiasmus der Franzosen nicht sympathisch, sein
deftiges, bedachtes Wesen war sehr wohl, wir haben das
ja gesehen, begeisterungsfahig und hingebend, aber, wie
sein Humor nichts von dem spriihenden Feuerwerk
franzosischen Esprits hatte, so wenig trat sein Enthusi-
asmus als schnell verrauschende Schwarmerei auf. Die
langsame niedersachsische Art der Englander war ihm,
dem Schwaben, darum viel herzwarmender als das
griechische Feuer der Franzosen."

It is, in fact, quite remarkable to find throughout this

biography how warmly Schdnbein felt himself in sym-
pathy with England and English people. Faraday,
Grove and Graham were his intimate and life-long

friends. He appears to have gone to Paris under the

same conditions and for the same purpose that he came
here—to acquire a more intimate knowledge of the lan-

guage, and to gain some insight into French pedagogy.
The school in Paris, kept by a M. Rivail, in which he
temporarily became a teacher, was unsatisfactory from
every point of view, and on the whole the young German

.
seems to have had anything but a pleasant time in the
French capital about that period. But there, as else-

where, he made the best of his opportunities by attending
lectures at the Sorbonne, where he came under the in-

fluence of Gay-Lussac and Thenard, Biot, Dumas,
Pouillet, Brongniart, «&c., and by the time he returned to

England to stay with his friend and Epsom colleague,

Barron, at Stanmore, his appreciation of France and the
French had considerably increased. Schonbein's views
•on the nature and constitution of Polytechnics, and his

•letters to Wurm written from Paris, and giving his ex-

perience of the Sorbonne and its professors, are full of
interest.

In 1827, Merian, the professor of physics and
chemistry at Bile, was taken ill, and a substitute had to

be found to carry on his duties. The post was first offered

to Schonbein's friend, Engelhart, then also in Paris, who
was unable to accept it, and afterwards to Schonbein,
who was in England, and who finally undertook the
duties, thus severing himself from this country, appar-
ently to his regret, and becoming attached, in 1828, to

that University, on which he ultimately shed such lustre.

The first years of his connection with Bale were unsettled

by the provisional character of his appointment, and were
further troubled by political disturbances, during which
Schonbein himself bore arms, and it was not till February
1832 that he made his first communication to the scien-

tific society of that town. This paper dealt with the

classification of the elements into metals and non-metals,
the former being defined as those elements which form
basic oxides, and the latter those which form acid oxides.

A few other papers followed during the years 1833-1835 ;

one on the Pepys gas-holder, one on polarised light, one
on nn ignisfatuus observed at Barenthal in the Black
Forest, and one on the isomerism of chemical compounds.
With the clearing of the political atmosphere and the
cessation of hostilities, the University of Bale underwent
reorganisation, arid Schonbein was appointed ordinary
professor of physics and chemistry in 1834. His mar-
/riage took place the following year, towards the end of
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which (December 23, 1835) he made known to the
" Naturforschenden Gesellschaft " his memorable work
on the behaviour of tin and iron towards nitric acid, later

communications on the passive state of iron and other
metals having been made on January 21 and March 3,

1836.

The observation which formed the starting-point of
Schonbein's researches appears to have been made by
many previous investigators, among whom our own
countryman, James Keir, F.R.S. {Phil. Trans. 1794) is

given the priority. The period covered by the next sec-
tion of the present work, viz. from 1836 to 1849, was full

of activity and productiveness on the part of Schonbein,
whose development of ideas, from his first experiments
on the " passive " state of metals through all their rami-
fications into the various fields of electro-chemistry, is

followed out and set forth by Dr. Kahlbaum with a
masterly hand. As we are at this period well within what
might be called the public aspect of Schonbein's work,
when his results were being continuously published and
discussed throughout the scientific world, it is unneces-
sary to dwell at any greater length upon the contents of
the present instalment of his biography. It will interest

English readers particularly to find how skilfully the
authors trace the influence of Schonbein's correspondents,
and particularly Faraday, upon his work. This work
centred round the subjects of the origin of the electric

current and the polarisation of the electrodes. The great
controversy between the " chemical " and the " contact "

theories of electromotive force was then raging, and it is

now a matter of history how ably and staunchly Schon-
bein advocated the former. Most clearly are his views
expressed in the extracts from his correspondence with
Faraday, PoggendorfTf, Grove, De la Rive and others
which the authors have brought togetherin this biography.
Now and again passages occur which are really pro-
phetic, such, for example, as his statement concerning
the possible utility of the "Voltaic cell" in organic
chemical investigation,! and his remarks 2 on the desira-

bility of there being a more frequent blending of physics
and chemistry in the same individual, as exemplified by
Berzelius, Gay-Lussac, De la Rive, Becquerel, Daniel and
Grove. Dr. Kahlbaum points to the modern school of
physical chemistry as the embodiment of this wish.

In the concluding section, Schonbein's position in the
world of science, as deduced from his own statements,
is most instructively summed up. He was something
more than a " physicist " or " chemist " :—

"Also Schonbein war nichts wenigerals ein kritikloser
Anhanger der Naturphilosophie im gewohnlichen'Sinne
des Wortes, als der er im allgemeinen verschrieen ist,

aber er war eine durch and durch philosophisch angelegte
Natur mit gefiilltem philosophischem Schulsack und gut
geschultem Denken, die eben immer aus theoretischen
Ansichten heraus ihre Arbeiten unternahm."

This judgment is borne out by an extract relating to

his work on ozone contained in a letter written to Liebig
in 1866, in which he states that, although the detection of
a peculiar smell in electrolytic oxygen was accidental, all

that has since proceeded from this observation cannot be
ascribed to accident.

] Pogg. Ann. 1839, xlvii. 583.
'^ Beitrdge zurphysikalischen Chemie, 1844.
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Among the many interesting aspects of Schonbein's

life and work dealt with in this section is his dislike for

organic chemistry already referred to in his correspond-

ence with Faraday. Dr. Kahlbaum, we may add,

endorses this opinion with some very strong remarks of

his own (pp. 204-205), which will, no doubt, be forgiven

by the " Herren Organiker " in view of the very important

service to the history of nineteenth century science which

he is rendering by these biographical contributions. Then,

again, one cannot but be struck by the versatility of

Schonbein's genius as revealed by the narration of his

connection with journalism. That the illustrious Bale

professor was possessed of great literary power is made
clear by his biographer. It is worthy of record that

Schonbein attended the Birmingham] meeting of the

British Association in 1839, and the Cambridge and
Southampton meetings in 1845 ^"d 1846; of the first of

sse he gave an account in his " Reisetagebuch eines

itschen Naturforschers," of which extracts in English

jre published in the Athenccum. As an excellent

imple of his literary style may be mentioned the

irming description of Easter festivities in Germany,
^tten in English to Faraday in 1856. With respect to

literary style and method of publishing his scientific

Stings, there is a long and interesting critical letter

De la Rive in 1839, in which he reproaches Schon-
for being too diflfuse, for writing too much and at

great a length, for introducing too often unverified

)positions, and, in fact, as we should say at the present

le, for transferring the contents of his laboratory note-

)ks to the pages of his published memoirs :--

C'est une voie tentative, k la tete de laquelle est
raday dans ce moment, qui publie, publie le journal de
experiences, aussi voyez le peu d'effet que font ses

ivaux sur le continent."

[This criticism, by the way, is endorsed by Dr. Kahl-

lum, who regrets that the Germans, " on account of its

;ign origin," should have imitated a style which he
iracterises as incivility (Unhoflichkeit) to the readers.

I Enough has been gleaned from this volume to show our
iders that as a contribution to the history of the science

jthe nineteenth century, it is in no way inferior to its

iecessors. R. Meldola.

PROFESSOR TAITS SCIENTIFIC PAPERS,
mtific Papers. By Peter Guthrie Tait, M.A.,
:c. R.S.E. Vol. ii. Pp. xiv + 500. (Cambridge : At

|he University Press, 1900.)

iROF. TAIT is to be congratulated on the

energy with which this reprint is being pushed
forward. The first volume, noticed in Nature, vol. Ix.

p. 98, is already followed by a second, so that the

completion of the work at an early date may be
anticipated.

The present instalment contains two considerable
experimental investigations ; one of these, on the com-
pressibility of water at very high pressures, was suggested
by a previous research on the Challenger thermometers

;

for the second, on impact, we are indebted to the author's

well-known interest in golf. There is also a very in-

teresting discussion of the cause of the " soaring " flight

of a golf ball.
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The most important theoretical research consists of a
revision of the kinetic theory of gases, from the old

standpoint of elastic spheres. All students of this in-

tricate subject will be glad to have Prof. Tail's acute

examination of it in the present compact form. It is

interesting to note, by the way, the author's frank con-

fession :
" I have .... abstained from reading the details

of any investigation (be its author who he may) whiclv

seemed to me to be unnecessarily complex. Such a
course has, inevitably, certain disadvantages, but its-

manifest advantages far outweigh them I " Let us hope
that no indolent reader will be tempted to turn against

Prof. Tait himself a dictum which conveys a very salutary-

warning to authors I

One of the most useful features of this reprint is the

number of short papers which to many readers will now
become known for the first time. There are also included

a few biographical notices, as well as articles from the

"Encyclopaedia Britannica." In a note to the article on

"quaternions" we are told that the sketch of the subject

recently given by Prof. Klein in the "Theorie des Kreisels'"

rests on a misapprehension. This is one disappointment

the more for those students who have vainly striven time

after time to get a clear notion of what a quaternion,

really is, and who hoped that they had found at last

something like a clear and compact and intelligible:

account of the matter. If, in spite of the fact that " the

grandest characteristic of quaternions is their transparent

intelligibility," men like Cayley and Klein are declared to

have gone astray, one may be excused for asking whether

there may not be something wanting after all in the

official presentations of the subject 1

The paper on the laws of motion hardly addresses

itself to points on which a modern reader would seek

enlightenment. Instead, we have verbal questions as to-

the meaning of "force" and the proper translation of

certain phrases of Newton. Are not such questions

disposed of once for all by the simple statement that since

the time of Newton scientific people have specialised their

usage of the word "force" ? Although this has not been

an unmixed advantage, it is probably now irrevocable..

Still, one may reasorvably urge that it is hardly fair to

take a popular term, used in a great variety of senses, to

attribute it for special purposes one and only one of

these, and then to denounce as ignorant any one who
continues to use it in its former latitude. The scorn, for

example, which has been called forth by the term " centri-

fugal force" has often been most unjust, the physical

notions of the users being clear enough, although they

were not expressed ia the conventional phraseology.

The endless discussions which have been inflicted on us-

as to the meaning of the word " weight," furnish another

instance of the trouble which may be wrought by

specialists attempting to usurp functions which do not.

properly belong to them.

The last paper in the volume, on the teaching of

natural philosophy, contains matter which probably hardly

any one would question. Yet it well deserves reprinting,

if only for the passage near the end which speaks of

" the fatal objections to the school-teaching of physical

science," based on the intrinsic difficulties of the subject,

and the maturity of mind required to overcome them.

Any one who- is aware of the futility and the pedantry of.
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a good deal that goes on in schools under the name of

science-teaching will thank Prof. Tait for this courageous

utterance. The mischief is that school-teaching is domi-

nated by examinations, and that the kind of science-

teaching which it is possible, and highly desirable, to have

in schools does not readily lend itself to examination-

tests of the ordinary kind.

The volume is marked by the same beauty and ac-

curacy of printing as the former one. It is intimated

that a third volume will complete the work.

Horace Lamb.

WYATT'S BRITISH BIRDS.

British Birds ; with some Notes in reference to their

Plumage. By C. W. Wyatt. Coloured Illustrations.

(London : William Wesley and Son, 1899.)

\17HETHER the beautifully illustrated work on the

same subject by the late Lord Lilford leaves room

for the present volume and its predecessor, is a question

for the publisher rather than for the reviewer to answer
;

but, if the stream of books on the subject be any criterion,

the appetite of the British public for natural histories of

the avifauna of their own country seems insatiable. Apart

from all this, the present work, of which the first volume

was issued in 1897, has high claims on the consideration

of the public, the large size (4to.) of the paper on which

they are printed permitting the plates to be on a scale of

greater magnitude than in the work above-mentioned,

while their excellence from an artistic point of view, as

well as their apparent fidelity to nature, leaves little or

nothing to be desired from the point of view of the

connoisseur in animal painting. In too many instances

we have either an inartistic but truthful portrait of the

creature depicted, or an artistic picture in which de-

tails of coloration are sacrificed to the general effect
;

but in the present case, the happy mean appears to

have been attained in these respects. The plates are

signed with the initials " C. W. W.," but we are told in

the preface that the colouring has been done by the

daughters of Dr. Bowdler Sharpe, whose training is a

sufficient guarantee for its accuracy.

It must, indeed, be understood that the book stands

or falls by the plates, as the letterpress is restricted

in the main to details concerning the plumage of the

specimens figured, or to generalities relating to seasonal

changes of colour, nothing in the way of description

being given.

When the scientific names applied to the different

species are those of almost universal acceptation,

no references to other works are added ; but in

the case of those where uniformity is by no means
general, a reference is made to the synonyms used in

standard manuals, such as the fourth edition of " Yarrell."

It may be added that the reference to the latter work
in the case of the Hen-Harrier appears to have been
introduced by mistake, as the nomenclature employed
is the same. As regards generic nomenclature, the

author adopts a middle course, avoiding the inordinate
" splitting " followed by some ornithologists, as he does

Ihe excessive " lumping " favoured by others.

The first volume was devoted to the resident Passeres

of the British Islands, and as the present commences with
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the migratory members of the same order, it will be

evident that the author does not confine himself to a

strictly systematic arrangement. In excluding the casual

visitors, which, in our own opinion, have no right

whatever to the title of British Birds, the author differs

from the plan followed by some of his brother ornitholo-

gists, whose object seems to be to draw up as long a list

as possible, without any regard to the facts of geogra-

phical distribution. The other groups included in this

volume include the Picarians, Owls, Hawks, and Pigeons,

so that the Game Birds, Waders, and Water-Birds alone

remain for its successor.

As a handsome, and at the same time an accurate,

series of volumes for the drawing-table, the work may be

heartily commended to all bird-lovers with whom " money

is no object." R. L.

OUR BOOK SHELF.
Our Native {American'] Birds, how to protect them, and

attract them to our homes. By D, Lange. Pp. x -I- 162.

(New York : The Macmillan Co. ; London : Mac-
millan and Co., Ltd., 1899.)

Lest our readers should be misled into thinking that the

present little volume is but another item in the already

large literature of British ornithology, we have ventured

to indicate its birth-place by a bracketed interpolation in

the title.

The author, to whom the love of birds is evidently

second nature, starts with the assertion that, with the

exception of a few counties, the number of song-birds has

of late years been steadily decreasing in the United
States, and then proceeds to consider in detail—firstly,

how this unfortunate state of things has been brought

about, and, secondly, how it may best be remedied. Nor
are song-birds alone considered, a certain amount of

space being devoted to game-birds (inclusive of the

Anatidae\ many of which have likewise suffered severely.

The fact of the decrease in the former group seems to

rest on conclusive evidence ; the main causes assigned

being lack of suitable nesting-places, want of water and
food, the abundance of cats (domestic and feral), the

ravages committed by boys, collectors, and plume-
hunters, the aggressive habits of the English sparrow,

and the use of poison in gardens and farms.

As regards legislative protection, the author wisely

leaves this to the various "Audubon Societies," which
have been established in the States, and other suitable

agencies ; devoting his attention mainly how to supply

to his feathered friends such objects as are essential to

their well-being, and how to guard them from the attacks

of their chief foes. As our readers are aware, many
towns and villages in the States are located on the open
prairie, where the absence of cover renders the birds

especially liable to destruction ; while even in districts

more favoured by nature there seems to be a great ten-

dency to make the gardens of residents as open and bare

of shrubbery as possible. Old hollow trees, too, which
form the nesting-places of so many species, have Hkewise
been ruthlessly felled, so that the unhappy birds have
literally no retreats wherein to hide.

.Accordingly, the planting of trees, vines and shrubs

(especially kinds which afford good cover and edible

berries) is strongly urged, while beds of suitable kinds

of flowers, such as gladioli, should be planted to attract

humming-birds. For species building in hollow trees,

nesting-boxes should be provided in suitable sites ; while

drinking and bathing vessels should be furnished in the

dry season, and abundance of suitable food at all times.

The noxious sparrow is to be hustled out of the usurped

nesting-places, while coils of barbed wire, or suitable
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wire fences, must be used to balk prowling cats. As to

the best means of dealing with the human foes of birds,

these, as already said, are mainly left to the powers that

he ; but the formation of "bird-leagues," by members of

the female sex who are willing to forego the ornamenta-
tion of their head-gear by the plumes of songsters, is

strongly urged, as is the repression of the ordinary col-

lector. Education, and the establishment of an annual
" bird-day," are also regarded as important factors in

the scheme.
The author has performed his task in a manner calcu-

lated to interest his readers,, and his work should be
acceptable to those on both sides of the. Atlantic who
love to hear bird-music around their homes. R. L.

Der Urspruti!^ der Kultur. Von L. Frobenius. Bd. i.

Der Ursprung der Afrikanischen Kulturen. Mit 26
Karten, 9 Tafeln, sowie ca. 240 Text illustrationen.

Pp. xxxi -f 368. (Berlin : Gebriider Borntraeger, 1898.)

This is the first volume of an ambitious work. The
author proposes to seek out the Origin of Civilisation

on what he considers to be a new plan. , But in reality

Mr. Frobenius can only work on the old lines ; he
can only compare one custom with another, and use the
same old weak argument from analogy to prove con-
nection between tribes who have similar customs : "er
lehrt alte Weisheit als neue." ("Programm": p. xii.).

He proclaims the virtues of his "new plan," however,
in the very manner of the Teutonic Gelehrte : he con-
siders himself to be laying the foundations of a new
science (p. xiv.) : "Was bedeuten alle Entbehrung und
Enlsagung, wenn sie auch noch so herb sein mogen,
gegeniiber dem grossen Gliicke, schafTend und Schopf-
erisch bei der Griindung einer Wissenschaft teilnehmen
zu konnen. Ich habe die bitteren Stunden und herben
Obel nie so stark empfunden, wie die Freude iiber die
Erfolge, das stolze Gefiihl des selbststdndigen Schbpfers.
Und ich habe den herzlichen Wunsch, dass etwas von
jener Spannkraft, die Mudigkeit und alle sonst vielleicht

verzeihlichen und berechtigten Wiinsche vergessen lasst,

aus diesen Blattern dem Leser bemerkbar werden und
in ihn iibergehen moge." The italics are our own : we
greatly fear that Mr. Frobenius, like so many of his
" Fachgenossen," has no sense of humour. He does not
forget to castigate his predecessors in ethnological study,
some of whom are apparently prone to set fool's caps on
their heads and give them out to be academical costume
(p. ix.). The whole "Programm" which precedes the
book is a typical product of what the author himself
calls the " uberhitzten Gelehrtenkopf " (p. ix.).

Apart from the rather ridiculous pretensions of its

introduction, the book as a whole is useful enough as a
series of essays on various phases of African ethnology,
which are often very interesting, e.g. the chapter on
building-styles (p. 194 ff.). They cannot, however, be
said to prove much with regard to the origin of African
civilisation, which is presumably what they are intended
to do. The author's arguments in favour of his theory of
the " Malayonigritish " origin of West African culture are
interestingly put forward.

Absolutely nothing whatever is said about Ancient
Africa : not a word with regard to the Zimbabye ruins,
which we had expected to find exhaustively discussed
here : not a word about the wonderful civilisation of
Egypt, with the earliest beginnings of which we have
now, thanks to the energy of Prof. Petrie and Messrs.
Quibell, De Morgan and Amelineau, been brought into
close contact, and which appears more and more
African in character the further we go back. Not a
smgle comparison of the Zulu and Egyptian head-rests
even, to take the instance which first comes to mind

;

but a curious misapprehension on p. 97, where Fig. 60 is

described as a " Sceptermesser der Pharaonen,'' whatever
that may be : the object in question is merely the well-
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known and commonly-used Egyptian sword called

Khepesh (on account of its resemblance to the shape of

an animal's thigh., e.g. khepesh)., which had nothing in

particular to do with either Pharaohs or sceptres.

Of the illustrations, while the majority are good, some
are certainly very bad, e.g. Plate iv. and Figs. 137, 139.

The Amateur's Practical Garden Book. (" The Garden
Craft Series.") By, C. E. Hunn and L. H. Bailey.

Pp. vi -I- 250. (New York : The Macmillan Co. ;

London : Macmillan and Co., Ltd., 1900.)

Thp: sub-title of this book very aptly indicates the nature

of its contents, "The simplest directions for the grow-
ing of the commonest things about the house and
garden."
The subjects dealt with are arranged alphabetically,

beginning with Abobra and ending with Zinnia. It must
not, however, be concluded that the book is merely a

dictionary of plant names. It is much more.
Thus, under the heading "Annuals," we have an ex-

planation of the term, the cultural details necessary for

their proper growth, together with lists classified accord-

ing to the colour of the flower, or the purpose the flowers

have to serve.

The book is written for the climate of New York, but

with the requisite modifications it is suitable for gardeners
in this country also. It is severely practical, and prin-

ciples, though perceptibly diffused, are not so much as

mentioned.

Man and his Ancestor : a Study in Evolution. By
Charles Morris. Pp. 238. (New York: The Mac-
millan Company. London : Macmillan and Co., Ltd.,

1900.)

The author has written this little book for the purpose
of providing the intelligent person with a good and
sufficient reason for the evolutionary faith that is in him.

It is true that there is no book of a non-technical nature

that quite covers the ground taken by the author, and it

is only fair to him to state that he has filled this gap in

a most creditable manner. It is obvious that many stages

in the evolutionary history of man can only be guessed
at by us, and that there is much room for discussion in

these hypotheses as well as in the interpretation of ac-

cepted facts ; but Mr. Morris is not aggressively dog-
matic, nor has he striven to be sensational. There are,

however, several statements to which exception can be
taken in the chapter on the " Vestiges of Man's Ancestry."

If Mr. Morris thinks the function of the thyroid is a
" minor and obscure one," let him have his own excised

and then he will know. Club foot is not generally re-

garded as a reversion to the anthropoid foot. Taking it

all round, the book may be safely recommended to that

class of readers for whom it was intended, and it may
lead such to consult the recognised works on the various

topics on which he touches. Owing to no references

being given, inquirers will have to seek elsewhere for an
introduction to the literature of human evolution. The
author has not considered his little book worthy of an
index.

A First Geometry Book. By J. G. Hamilton and
F. Kettle. Pp. ii -f- 91. (London : Edward Arnold,

1900.)

This little book contains a series of elementary exercises

in geometry based on the method of allowing the pupil

to deduce as many principles as possible after, and from
the results of, experiments or exercises dependent on
them. The deductions are drawn from the pupil's own
measurements of his drawings to scale of the usual

geometrical figures. From this it will be understood

that the book really consists of a series of graduated
exercises which appear to be well chosen and arranged,

and likely to prove suggestive to teachers and useful to

students beginning their first studies of the subject.
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LETTERS TO THE EDITOR.

£ The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

io return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Nature.
No notice is taken ofanonymous communications.

"[

A. Third Specimen of the Extinct " Dromaius ater,"

Vieillot; found in the R. . Zoological Museum,
Florence.

In January 1803, a French scientific expedition, under

Baudin, visited the coast of South Australia and explored

Kangaroo Island, called by them " Isle Decr^s." One of the

naturalists attached to the expedition was the well-known

F. Peron, who wrote an interesting narrative thereof. He
noticed that Decres Island was uninhabited by man, but,

although poor in water, was rich in kangaroos and emus
{Casoars he calls the latter), which in troops came down to the

shore at sunset to drink sea-water. Three of these emus were

caught alive, and safely reached Paris; we learn from the
" Archives du Museum " that one was placed in the Jardin des

Plantes, and two were sent to " La Malmaison," then the resi-

dence of the Empress Josephine. We learn later that two of these

birds lived to 1822, when one was mounted entire and placed in

the ornithological galleries of the " Museum," the other was
prepared as a skeleton and placed in the comparative anatomy
collections. No mention is made of the ultimate fate of the

third specimen.

Peron was unaware that the emu he had found on the

Kangaroo Island was peculiar and specifically quite distinct from

the New Holland bird ; this was found out much later, and too

late ; for after Peron and his colleagues no naturalist evermore

set eyes on the pigmy emu of Kangaroo Island in its wild

condition ! It appears that when South Australia was first

colonised, a settler squatted on Kangaroo Island and systematic-

ally exterminated the small emu and the kangaroos. When the

interesting fact was ascertained that Peron's emu was a very

distinct species quite peculiar to Kangaroo Island and found

nowhere else, Dromaius ater had ceased to exist ; and the only

known specimens preserved in any museum were the two
mentioned above, in Paris.

For some years past my attention had been drawn to a small

skeleton of a RatitK in the old didactic collection of the

R. Zoological Museum under my direction ; it was labelled
" Casoario," but was in many ways different from a cassowary ;

but other work kept me from the proposed closer investiga-

tion, and it was only quite recently, during a visit of the

Hon. Walter Rothschild, on his telling me that he was
working out the cassowaries, that I remembered the enigmatical

skeleton. A better inspection showed us that it is, without the

least doubt, a specimen of the lost Dromaius ater. I afterwards

ascertained that it had been first catalogued in this museum in

1833 ; that most of the bones bore written on them in a bold

round hand, very characteristic of the first quarter of the

nineteenth century, the words " Casoar male ; " and lastly, that

during the latter part of Cuvier's life, about 1825-30, an
exchange of specimens had taken place between the Paris and
the Florence Museums. I have thus very little doubt that our

specimen is the missing third one brought alive to Paris by
Peron in 1804-5.

This highly interesting ornithological relic is now on loan at

the Tring Museum, and can be seen- there by any ornithologist

in England who may wish to examine it. I intend shortly to

give a fuller notice of this valuable specimen.

Henry H. Giglioli.

R. Zoological Museum, Florence, May 15.

Chlorophyll a Sensitiser.

It was with a feeling of great satisfaction that I read the

concluding lines of Dr. H. Brown's highly interesting presi-

dential address (Nature, September 14, 1899). I was glad to

see that this distinguished chemist, to whom the physiology of

plants is so much indebted, adopts certain views on the chloro-

phyll function, which I have been defending for more than a

quarter of a century against the leading authorities of the German
Physiological School (Sachs and Pfeffer). But since some slight

errors seem to have crept into Dr. Brown's statements of my
opinions on the subject, I may, perhaps, be allowed to bring

forward the following corrections.
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Dr. Brown seems to believe that the analogy between the

action of chlorophyll and that of a chromatic sensitiser was
"first pointed out by Captain Abney" and "more fully

elaborated " by me ; and secondly, that I give "a far too simple
explanation of the facts" by admitting a " me)-e physical ixz.x\s-

ference of vibrations of the right period from the absorbing
chlorophyll to the reacting carbon dioxide and water."
To begin with the less important question of priority, I must

confess that up to this date I am not aware of Captain Abney's
claims. Had I known them, I should have been the first to

acknowledge my debt to that accomplished investigator, whose
brilliant achievements in this line of research I have never omitted
to admire. The fact that the dissociation of the carbon dioxide in

the green leaf is affected by the rays of light absorbed by
chlorophyll was for the first time established by my researches

in 1873, and an account of these experiments presented to the

International Congress of Botany in Florence (May 1874).^

At the same date (1873) Prof. H. Vogel made his important
discovery of the chromatic sensitisers, and in November 1875,
E. Becquerel applied it to the chlorophyll-collodion plates. In
May 1875 appeared my Russian work on the chlorophyll

function, of which the French article ^ in the Annates de Chimie
et de Physique of 1875, as expressly stated, is but an extract.

In this French translation the idea that chlorophyll may be
considered as a sensitiser is fully discussed. Consequently any
claim of priority may be fairly advanced, only in favour of a

paper having appeared in the short interval of a year—from
May 1874, when I announced the fact, to May 1875, when I

interpreted it in the light of H. Vogel's recent discovery. On
consulting the R. S. Catalogue of Scientific Papers, I could not

find any paper of Captain Abney's for this period 1874-1875.*
So far concerning the priority question. Passing to the second

point, I am sorry to say Dr. Brown is decidedly in the wrong,
for in my French paper just cited, and which probably escaped
his notice, after discussing the quite recent discoveries of H.
Vogel and Edmond Becquerel, I conclude :

" Ou ne saurait

pour le moment decider la question de savoir si cet effet serait

du uniquement a un phenomene physique, ou bien si la matiere

colorante prendrait part a la transformation chimique. Cette

derniere maniere de voir ferait rentrer I'action de cette matiere

(chlorophylle) dans la regie generale de Taction acceleratrice des

matieres organiques dans les reactions photochimiques, car c'est

generalement en absorbant les produits de la dissociation,

effectue par la lumiere, que les substances organiques detruisent

cet equilibre qui tend a s'etablir entre le corps decompose et les

produits de decomposition et c'est ainsi qu'une dissociation

partielle aboutit a une decomposition complaite."* At a later

date, in a report presented to the International Congress of Botany
in St. Petersburg (1884), taking in account -the subsequent

photographical work on the sensitisers, I brought forward

experimental proof that chlorophyll may be considered a sensi-

tiser in Captain Abney's sense of the word :
" La chlorophylle

est un sensibilisateur regenere a mesure qu'il se decompose et

qui provoque en eprouvant une decomposition partielle la de-

composition de I'acide carbonique." ^

From all these quotations it may be inferred that I always

kept in view the chemical aspect of the chlorophyll function,

now advocated with such stress by Dr. Brown."
But I did not content myself with such purely theoretical

considerations, and ever since have been in search of what Dr.

1 Atii del Congresso Botanico teniito in Firenze, 1S75, p. 108. At a
still earlier date {Botanische Zeititng, 1869, No. 14), I found out the source

of T. W. Draper's error, and proved that the process is chiefly due to the

red rays of light.
^ " Recherches sur la decomposition de I'.icide carbonique dans le spectre

solaire par les parties vertes des vegetaux " (Extrait d'un ouvrage " Sur
I'assimilation de la lumiere par les v^getaux," St. Petersbourg, 1B75, public

en langue Russe)/4»Ka/^j de Chimie et de Physique, 5 serie, t. xii. 1877.
» Prof. Pfeffer, in his account of the whole subject (" Pflanzenphysiologie."

Z«eite Auflage, pp. 325-341), goes so far as to attribute this sensitiser theory

of the chlorophyll function to Prof. Reinke, whose paper appeared ten years

later.
» L.c. p. 40. In a footnote I add that certain physiological facts seem

to agree with this point of view.

5 " ittat actuel de nos connaissances sur la fonction chlorophyllienne"

(^Annates des Sciences Natiirelles Botanigm, 1885, p. 119).

6 At a still earlier date (in a Russian work on the "Spectrum Analysis

of Chlorophyll." St. Petersburg, 1871) I even expressed Dr. Brown's
present point of view in the form of an equation :

X0+C02=XC0+ 0..

4-H3O
=XO-fCH20-l-02

X being Dr. Brown's hypothetical " reduced constituent of chlorophyll.'
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Krown so appropriately terms the " reduced constituent of

chlorophyll." My persistent endeavours resulted in the dis-

covery of protophylline, a substance obtainable through the

action of nascent hydrogen on chlorophyll solutions.^ Some
years later I discovered this substance in the living plant.

^

The existence of a reduced consiitU'Ut of chlorophyll may be
consequently considered as a perfectly established fact, and will

be probably brought to account by the chemical theory of the

chlorophyll function. I conclude my French paper with the

following words :
— " L'etude de ces substances ne manquera

pas a jetter une vive lumiere sur le co'^ chimiqtte de la fonction

chlorophillienne qui a die ^ludU dans ce dernier temps presqiie

excltisivement an point de vne physique"
To sum up : though it may be clearly seen that for nearly

thirty years I have been considering chlorophyll as a chemical
sensitiser (or, strictly speaking, an adsorbent of the products of
dissociation of COj and W.f)), still even now I must confess

that this theory lacks direct experimental proof and may be con-
sidered only as a matter for further research, whereas the

physical aspect of ihe question {i.e. that COg and H^O are de-

composed through the agency of those rays of the spectrum,
which are absorbed and somehow transformed by chlorophyll)

is but the expression of a fact, put beyond any doubt by my re-

searches, both on the decomposition of COo and on the produc-
tion of starch in the living plant. ^ But I do not abandon the

hope that the discovery of the protophylline may turn out some
day to be a step in the direction of a chemical theory of the
chlorophyll function, somewhat similar to that of the colouring
matter of the blood—an analogy which has been present to my
mind ever since I became acquainted with the classical researches
of Sir G. G. Stokes in that direction.

University, Moscow. Ci.kment Timiriazeff.

I REGRET that M. Timiriazeff should regard the concluding
lines of my presidential address as doing him some injustice.

No one can be more impressed than I have been with the
extreme beauty and importance of M. Timiriazeff's work, which
cleared away many illusions, and for the first time prominently
brought out tiie fact that the rays corresponding to the principal
absorption band of the chlorophyll spectrum are those which
are mainly active in the assimilatory process.

I have always regarded M. Timiriazeff's paper of 1885 (Ann.
des Sciences Nat. [Bot.], vol. ii. p. 99) as being one of the most
convincing and eloquent expositions in scientific literature, and
the final proof of the proposition there laid down was given by
the author in 1890 [Compt. rend, no, 1346), when he succeeded
in showing that the reappearance of starch in a depleted leaf

exposed to a pure spectrum only takes place in the region of
the red corresponding exactly to the principal absorption l)and
of chlorophyll.

With regard to the first }X)int rai.sed in M. Timiriazeffs letter,

I may say that when preparing my address I experienced a diffi-

culty in ascertaining who it was that first drew attention to

the existing analogy between chlorophyll and a chromatic
sensitiser.

There is no complete list of Sir William Abney's papers, and
knowing that he has sent many communications on this and
cognate subjects to photographic journals in various parts of
the world, I applied to Sir William Abney before writing what I

did. There can be no doubt that chromatic .sensitisers were
very much "in the air " immediately after Vogel's discoveries of

1873, and it is probable that the application of these new ideas
to chlorophyll occurred independently to Abney, Timiriazeff
and Becquerel.

M. Timiriazeff's second objection is that I have not sufficiently

taken into account his views of the function of chlorophyll as a
chemical sensitiser. On this point I may say that I had in
view his paper of 1885 :

" Etat actuel de nos connaissances sur
la fonction chlorophyllienne," which it was fair to imagine fully

embodied the author's view up to that date. It is certainly the
physical role of chlorophyll which is there insisted upon, as the
following quotation indicates :

" Le role de la chlorophylle dans
le phenomene de la decomposition de I'acide carbonique peut
done etre resume ainsi : elleabsorbe les radiations qui possedent

J The first description of this curious substance was given in two short
notes communicated to these columns: "Colourless Chlorophyll"
(Nature, 1885, p. 342) and "Chlorophyll" (Nature, 1886, p. 52). For
more ample details, see Coinfiies rendns, 1889.

o '., 'r*
Pi^ot'-phylline dans la plante vivante " (Comftes rendiis, 1889).

" Enregistiement photographique de la fonction chlorophyllienne
par la plante vivante " {Comptes rendus, 1884).
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la plus grande energie et transmet cette energie aux molecules
de I'acide carbonique qui, a elles seules, n'eprouveraient pas
de decomposition, etant transparentes pour ces radiations
energiques."

That the physical conception was certainly uppermost in M.
Timiriazeff's mind at that time is further shown by the diagram
and remarks immediately following, in which he regards the
molecules of carbon dioxide as suffering "shipwreck" in the
luminous undulations corresponding to maximum amplitude.

It is, however, quite clear from M. Timiriazeff's references to
his paper of 1877, and especially to his Russian paper of 1871,.

neither of which I have seen, that he has expressed views which
are practically identical with those contained in the concluding
remarks of my address. It is to be regretted that these ideas
were not again clearly brought forward in the 1885 paper, which
purported to give the author's latest views on the whole ques-
tion, and that the physical idea of the immediate transference of
the energy of radiation was there made the dominant one.

52, Nevern Square, Kensington, Horace T. Brown.

A Simple Experiment on Thermal Radiation.

The following experiment, which has been successfully per-
formed by our students for several years, may be of interest to
teachers of physics.

Three chemical thermometers are chosen of equal size and
shape. The bulb of one is silvered, of the other covered with
dead black paint by dipping it into a mixture of lamp-black and
alcohol, whilst the third is left unchanged. For silvering, any
of the well-known solutions and processes will be applicable.
The thermometers indicate the same temperature if there is no
source of radiation near them.

But if a gas flame, for example, an Argand burner, be placed
at a distance of 20 centimetres from them, so that the thermo-
meters, hanging from a stand, are at equal distances from the
flame. the|temperature rises at a different rate, and to a different,

though in each thermometer constant, height. The silvered

thermometer gives the lowest reading, and the blackened the

highest, whilst the thread of the uncovered one stops at some
point between these readings nearer to that of the blackened
than the silvered ; for the different surfaces of the thermometers
absorb the radiation of heat generated in the flame in different

proportion. The blackened thermometer bulb almost com-
pletely absorbs the rays falling on it ; the silvered and polished

bulb reflects the radiation reaching it ; the plain glass bulb partly

reflects and partly absorbs the rays. Thus, none but the
silvered bulb thermometer indicates the temperature of the air

communicating heat to it by conduction. As the other thermo-
meters rise in temperature, they emit radiation ; and when the

amount of heat emitted from them equals the amount received

through radiation from the gas flame, they are in the final

stationary state, which is, of course, reached by the thermo-
meters at different temperatures.

If the gas flame is put out, the temperatures of the three



I04 NATURE [May 31, 1900

thermometers fall at different rates. Observations made simul-

taneously on them every minute, and plotted on squared paper,

illustrate' fairly well KirchhofPs law enunciating that a body

emits those rays best which it absorbs best. When the gas

flame is replaced by a freezing mixture, the greatest fall of

temperature is experienced by the blackened thermometer, and

the least by the silvered one, for the same reasons.

The same arrangement of thermometers may be used to show
the cold produced by evaporation. For this purpose, the bulb

to be blackened has to be wetted immediately before starting

the radiation experiment. First the temperature of this thermo-

meter falls, even though the gas flame be lighted, but after a

few minutes its temperature rises very quickly to reach the same

state of equilibrium as when taken with dry black paint. In

Fig. I the dotted curve represents the behaviour of the freshly

wetted blackened thermometer.
For silvering the thermometer bulbs, we use most success-

fully the process described first by A. Martin in Poggendorff'

s

Amialen (cxx. 1863, P- 335 )> 3-"^ reprinted in many of the

books on practical physics. K. T. Fischp;k.

Miinchen (Bavaria), Kgl. Technische Hochschule.

THE TOTAL ECLIPSE OF THE SUN.

THE last total solar eclipse of this century appears to

have been successfully observed all along the line

of totality. The weather conditions were favourable at

all the observing stations, and numerous photographic

and visual observations have been made of the pheno-
mena revealed during a total eclipse. Elaborate arrange-

ments were made to study the eclipse in all its aspects,

and it has fortunately been possible to carry them out

in a most satisfactory manner.
A code telegram received at the Solar Physics

Observatory, South Kensington, from Sir Norman
Lockyer, states :

—" At the time of the eclipse the

weather was excellent, and all the instruments were
satisfactorily employed. There was a fall in temperature
during the eclipse of from 4^ to 6^ C. The eclipse was
not a dark one, and very few stars were seen. The corona
exhibited large equatorial extensions and distinct polar

tracery as expected. Observations of the shadow band
were fully made in two planes. In the fixing up of the

instruments, and the mkking of the observations, assist-

ance was given by about 1 50 of the ofificers and crew of

H.M.S. Theseus, which conveyed the eclipse party from
Gibraltar to Santa Pola, a i&^ miles south-west of

Alicante."

The corona was similar to those observed during the

eclipses of 1878 and 1889—both epochs of sunspot mini-

mum—and thus supplies additional support to the prob-
ability of a real connection between the coronal structure

and the state of solar activity. There were two long
equatorial streamers, the western one being bifurcated

and extending about two solar diameters. Several ob-

servers note that the inner corona was visible for at

\&z.%\five seconds after totality.

The eclipse was a short, and therefore a bright, one,
which accounts for the general report that no shadow
was seen either on land or in the atmosphere, and that

very few stars were visible. Mercury and Venus were,
however, observed. All the reports agree in estimating
the duration of totality as shorter than was expected, so
that the lunar tables will need slight revision for future

computations.
Important observations were made of the shadow

bands, which are stated to be very different in many
respects from those previously observed. From one of
the American stations it is reported that the bands were
about one inch in breadth, their general direction being
south 56^^ E. ; before totality their motion was at right

angles to this—that is, almost north-east ; and in the
opposite direction after totality. Superposed on the
linear bands, however, were certain dark patches pre-
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viously unnoticed, having a motion at right angles to

that of the bands. Baily's beads were well seen at the

instants of second and third contact.

Prof. Todd, at Tripoli, is reported to have successfully

employed twenty photographic cameras, one of which

was furnished with a lens of 24 inches aperture.

The party at Pinehurst, from the U.S. Naval Obser-
vatory, under Prof. Skmner, obtained a good series of

spectrum photographs, including five with plane and
concave gratings and four with an objective prism ; also

five large scale photographs of the corona with a

lens of forty feet focus..

Prof. Pickering obtained a good series of photographs
with the new large instrument he had specially made for

searching for an intra-Mercurial planet.

As we go to press, the following description of the

observing parties at Santa Pola has been received from
Sir Norman Lockyer.

Preparations at Santa Pola.

Santa Pola, Friday, May 25.

The party from the Solar Physics Observatory arrived

here on May 17, and now, thanks to the assistance so

freely rendered by the Spanish authorities of all grades,

and the strong working parties furnished by H.M.S.
Theseus, the instruments are all in order and we are ready
for the eclipse.

At Gibraltar the Captain of the Theseus sent ofif Mr.
Daniels, torpedo gunner, to meet the Expedition, and the

sixty-nine cases of instruments were carefully transferred

to a lighter, and so soon as they were landed here those

belonging to each instrument were at once brought
alongside the piers which had already been erected for

them on a site as near the landing stage as possible,

thanks to the diligence of Mr. Howard Payn, a volunteer

assistant who had preceded the party by rail and had
secured the necessary bricks at Alicante.

The prismatic cameras, and those of the ordinary

kind, fed by coelostats and siderostats, with all prisms

and mirrors, were in adjustment by the 21st, and drills

were begun on the 22nd.

The parties of observers are as follows'; and careful

notes of the arrangements made are being kept, as some
improvements have been made on those adopted in 1898.

Parties on Shore.—Prismatic cameras, (i) One prism

(20 ft.); (2) two prisms (7 ft. 6 in.). Coronagraphs.

(3) Graham (f. 6-5) ; (4) Dallmeyer (f. S'o about)
; (5) De

la Rue (f. 17-5) ; (6) long focus (f. 48). (7) Discs. (8)

Shadow bands. (9) Meteorology. (10) Stars. (11)

Landscape colours.

Parties on Board.—

{

i ) Stars. (2) Shadow. (3) Meteor-

ology. (4) Landscape.
The whole party is in robust health, thanks to the

glorious climate and any amount of work in the open
air. We live in a little inn, which since the Queen's

birthday has blossomed into the " Victoria Hotel," kept

by one Frasquito Dols, a Spanish sailor and sea-cook, a

regular "handy man," who has put up mosquito curtains,

and rigged up a lift to carry our well-cooked food and
excellent local wine to the first floor where we reside

;

in rooms which, though furnished with unparalleled sim-

plicity, are absolutely clean. It seems a pity that more
do not know of this delightful climate so near home, in

which the winter months may be so pleasantly spent in

the shadow of date palms.
The ship is much further away from the shore than

in 1898—some 2000 yards—and the winds rise very sud-

denly in the open roadstead. The administration of the

camp, therefore, devolves upon Lieut. tDoughty, R.N.,

who, with Lieuts. Andrews and Patrick, remain constantly

on shore in a pile-dwelling—a bathing establishment

which has seen better days, and has been rechristened
" Theseus Villa."

The " Scotch Commission," as it is called here—that is,
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Dr. Copeland's party—has chosen a site up the hill be-

hind the town some distance from the jetty.

Elaborate arrangements have been made for the obser-

vation of shadow bands, two walls, E. and W. and N. and
S., composed of first-class volley targets 16 x 6ft., having
been erected on a level space which has been white-
washed.

Six discs have been set up on spars, and most careful

drills have taken place. I have been quite astonished at

the exact reproduction of all the features of a dummy
corona set up on each occasion.

It appears that the east wind is the best for us, and it

is blowing now ; a cloudy morning generally is followed
by a cloudless sky in the afternoon. The weather chances
are good, but they are not perfect.

Norman Lockyer.

FIFTY YEARS OF GEOLOGICAL SURVEY
IN INDIA.

T^HOUGH the Honourable East India Company had
-^ showed their interest in the advancement of

geological science by the appointment, so long ago as

1818, of a geologist to the Great Trigonometrical Survey,
it is but fifty years since the first " Report of the

Geological Survey of India for 1848-49," by Dr. John
McClelland, was published. In 1851 Dr. McClelland
was relieved by Dr. Thos. Oldham, who, on his arrival

in Calcutta, found the Geological Survey represented in

the capital of India by a room, a box and a messenger.
One assistant, Mr. W. Theobald, was already in the
employment of the Company, and during the following

five years seven assistants were appointed, of whom but
Mr. H. B. Medlicott and Dr. W. T. Blanford, names
cut deep in the record of Indian geology, survive.

It was not, however, till 1856 that the Geological
Survey was established as a regularly organised service,

with a sanctioned establishment of superintendent (now
styled director), fifteen graded assistants and a palaeonto-

logist. In spite of the increased area over which British

rule extends, the establishment sanctioned in 1856
remained the same, with some minor, temporary changes,
and an alteration of nomenclature, till 1892, when,
instead of an increase, the permanent staff was reduced
by three, and to compensate for this reduction arrange-
ments were made for the employment of two " specialists "

for terms of years, who were expected to devote their

services more especially to economic geology. From
one cause and another, this scheme has not received a
full trial yet, and it is only during the present year that

the full sanctioned staff is at work. The experiments so
far made in the temporary employment of assistance to

the Geological Survey, for the special purpose of economic
work, cannot be regarded as successful, and the result of
the present trial will be watched with interest, as it is

likely to have great influence in the shaping of the future

course and policy of the Survey.
The concrete results of less than half a century's

work with this inadequate staff are a geological map of
nearly the whole of India proper, which is accurate as
regards its main features for this large area, and as
regards details for a large proportion of it ; and a con-
siderable acquaintance, largely accompanied by maps,
with the mountainous country to the north-west and
north, and of the countries to the east, which are included
in the Indian Empire. The published results are con-
tained in thirty volumes of the " Records," twenty-nine
of the " Memoirs," and twenty volumes, not counting
those only partly published, of the " Paheontologia
Indica."

Besides this collection of separate memoirs there was
prepared, with the approval and sanction of the Govern-
ment of India, a " Manual of the Geology of India," in

two volumes, by Messrs. H. B. Medlicott and W. T.
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Blanford, published in 1879, to which were subsequently
added a volume on the " Economic Geology," by the
late Dr. Valentine Ball, and one on the " Mineralogy,"
by Mr. F. R. Mallet. These volumes contained not only
much information collected by the Survey, which it had
not been possible to publish previously, but for the first

time, by collecting scattered information into one general
review, made the geology of India generally accessible

and intelligible. The need for, and value of, these
volumes is shown by the fact that they soon went out of
print, and in 1894 a revised version of the first two
volumes was issued. The progress of the Survey in?' the
period intervening between these two issues had been so
great that a totally different scheme could be adopted,
and instead of the series of separate descriptions of
isolated areas, which was to a large extent inevitable in

1879, it was possible to treat the geology of India
as an harmonious whole in 1894. A re-issue of the third

volume of the original edition, the volume on " Economic
Geology,'- has also been commenced, but though
nominally a re-issue, it is, even more than in the case of
the stratigraphical and structural geology, a new book,
being different in scope and in aims, and containing no
part of the original work.
The results of the Geological Survey, apart from its

publications, are to be looked for both in India and out

of it. In India, in the economic development of the

Empire ; and out of India, in the influence they have
had on the advancement of geological science. The
former of these is naturally that to which the Adminis-
tration attaches the greater importance, and in this con-

nection the existence of the Survey is amply justified in

the fact that two of the coal-fields, which yield an im-

portant part of the coal supply of India, were discovered

and explored by the Geological Survey. Singarenni,

surveyed by Dr. W. King, and Umaria, by Mr. T. W.
Hughes, have, from their geographical position, a much
greater importance than would appear merely from a

numerical statement of the number of tons of coal raised

in them, for they serve to supply a large area with cheap
fuel which would otherwise be deprived of that advantage.

These two fields in themselves would justify the existence

of the Survey, from an economic point of view, apart

from other benefits ; but besides this the existence of a

band of trained advisers, and of the observations accu-

mulated by them, has frequently been instrumental in

preventing the useless expenditure of large sums of

money, and in this way alone the Survey has rendered an

ample return for its maintenance.
Though the Administration is naturally most interested

in the economic aspects of the work of the Geological

Survey, there has never been any attempt to convert it into

a mere prospecting or mining department. The Govern-

ment of India has always recognised purely scientific

work as an important duty of the Survey, and regarded

the advancement of science not only as a thing to be de-

sired and encouraged on its own account, but as further-

ing and rendering more valuable the economic results of

the Survey, by improving the instrument with which it

works. It is this portion of the work of the Survey

which is of the greater interest outside India, and more
especially to the readers of N.\ture.

First among the results which have influenced the

course of geological science may be placed the recogni-

tion of the importance of deposits formed on land, in which
Indian survey took an early and important part. It was
shown that the Gangetic alluvium, formerly looked upon
as a marine deposit, was, as regards its upper layers at

least, a land deposit ; it was shown that the great series

of sandstones and conglomerates of which the foot-hills

of the Himalayas are composed were formed, not in the

sea, but on land, by rivers which were the ancestors of

those now draining the Himalayas ; the great Gondwana
system was shown to be exclusively a dry land deposit,
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and later the same origin was attributed to the great
Vindhyan system.

In the next place we have the recognition of the
Permian glacial epoch. The first description of these
beds was published in the Memoirs of the Geological
Survey in 1856, and their glacial origin proclaimed in

1875 by the late Mr. H. F. Blanford. Though the idea of

glaciation in Permian times and in what are now low
latitudes has met with great opposition, it has gradually
made progress, and it is now generally recognised that

the Permian boulder-beds of India, though extending
into regions that are now within the tropics, are relics of
a bygone glacial epoch. In Africa, the glacial origin of
similar beds has been accepted by more than one observer

;

and in Australia—where the traces of glacial action
in the marine Permian or Permo-Carboniferous beds,
below the principal coal-measures, was first recognised
by a member of the Indian Geological Survey who had
been deputed by the Indian Government to study the
Australian coal-measures—the existence of glacial action

on a large scale has been fully confirmed by workers in

that country. In South America, too, it seems that there
are similar beds, of apparently the same age, and the
evidence of this widespread glacial epoch, more remark-
able in many ways even than the post-Tertiary extension
of glaciation, must be reckoned with in any speculations
attempting to account for the great climatic changes of

which the past sediments bear witness.

The labours of the Indian Geological Survey have had
important results in geological science in other minor
points, too numerous to detail in the limited space of

an article, but a mention of the great earthquake of

1897 cannot be omitted. This earthquake was the
greatest of which there is historic record, exceeding the
great Lisbon earthquake of 1755 ! t)ut even before this

was known the Indian Government had ordered the
Survey to make a complete scientific investigation of it.

Being the greatest earthquake of which there is historic

record, the visible effects were on an unprecedented
scale, and its investigation has consequently yielded re-

sults which must be taken into account in all future

seismological research. Nor must mention be omitted
of one of the most recent suggestions, which appears
likely to be fruitful of results, made in 1898 by Mr. T. H.
Holland, that much of the decomposition, and more
especially hydration, of the minerals composing igneous
rocks was submarine, and that the undecomposed state

of similar rocks, even of perishable minerals like olivine

and nepheline, in certain regions, is due to these being
ancient land-areas which have not been submerged
beneath the sea since a remote geological period.

Such, briefly stated, is the record of the Geological
Survey of India, a record which reflects credit on all' who
have been concerned in the making of it. Yet it must
not be forgotten that credit is due also to the Civil

Administration of India, which has not only maintained
the staff by whom the record has been made, but has
given the further pecuniary assistance, modest in amount
but steadily continued, which has enabled the Survey to

form a museum fully illustrating the geology of India in

all its branches, to establish a well-equipped laboratory,
and to collect a library which, as a geological working
library, is probably unsurpassed by any and equalled
by few.

NOTES.
M. Darboux, Dean of the Faculty of Sciences of Paris, has

been elected permanent secretary of the Paris Academy of

Sciences, in succession to the late M. Joseph Bertrand. Prof.

J. Willard Gibbs, professor of mathematical physics in Yule

University, has been elected a correspondant of the Academy in

the section of mechanics. Prof. J. Cfiatin, assistant professor
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of histology at the Sorbonne, has been elected a member of the'

section of anatomy of the Academy, in succession to the late

M. Blanchard.

The recommendations of the international conference which
recently met in London to determine the steps which might use-

fully be taken for the preservation of wild animals, birds and
fish in South Africa, have now been published as a Parliamentary

Paper. The zone within which it is proposed to apply the

provisions of the Convention is bounded on the north by the

20th parallel of nprth latitude, on the west by the Atlantic Ocean,

on the east by the Red Sea and by the Indian Ocean, on the

south by a line following the northern boundary of the German
possessions in South-Western Africa, from its western extremity

to its junction with the River Zambesi, and thence running along

the right bank of that river as far as the Indian Ocean. To
preserve the various forms of animal life existing in a wild state

within this zone, it is proposed to prohibit the hunting and

destruction of certain animals, especially females when accom-

panied by their young or capable of being otherwise recognised,

of which the protection, whether owing to their usefulness or to

their rarity and threatened extermination, may be considered

necessary by each local government. The establishment, as

far as it is possible, of reserves within which it shall be un-

lawful to hunt, capture or kill any bird or other w,ild animal

except those specially exempted from protection by the local

authorities, is recommended, and also of close seasons with a

view to facilitate the rearing of young. It is proposed to put

export duties on the hides and skins of giraffes, antelopes, zebras,

rhinoceroses and hippopotami, on rhinoceroses and antelope

horns, and on hippopotamus tusks, and to prohibit the hunting

or killing of young elephants. Measures are to be taken for

ensuring the protection of the eggs of ostriches, and for the

destruction of the eggs of crocodiles, of those of poisonous snakes,

and of those of pythons. It is, however, understood that some

of the principles laid down may be relaxed, either in order to

permit the collection of specimens for museums or zoological

gardens, or for any other scientific purpose.

Prof. J. Perry, F.R.S., has been elected president of the

Institution of Electrical Engineers for the session 1900-1901.

Mr. Borchgrevink, who recently returned from his ex-

plorations in the Antarctic, will, it is expected, give a lecture

before the Royal Geographical Society on June 18.

The American Academy of Arts and Sciences has decided to

award the Rumford medal to Prof. Carl Barus, of Brown

University, for his researches in heat.

We learn from Science that the Committee of Coinage,

Weights and Measures of the U.S. House of Representatives

has unanimously agreed to report as an amendment to the

Sundry Civil Bill the measure establishing a United States

Standardising Bureau, referred to in Nature of May 17 (p. 61).

We regret that a part of the edidon of last week's Nature
appeared without the announcement that the names of Dr.

D. Gill, F.R.S., and Dr. T. E. Thorpe, F.R.S., were included

in the list of Birthday Honours. The former has been promoted

to the rank of K.C.B., and the latter has been created a C.B.

The third Liverpool expedition for the study of tropical

diseases, referred to last week, will start in the first week in

July. The members of the expedition are Drs. Durham andi

Walter Myers. The object of the expedition is to study yellow

fever, malaria and dysentery.

An excursion to Malvern and district has been arranged by

the Geologists' Association for Whitsuntide. The director

will be Prof. T. T. Groom, and during the stay at Malvern,

from Saturday, June 2, to Tuesday, June 5, a number of inter-

esting geological sections and structures will be examined.
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A MEETiNc; of the Yorkshire Naturalists' Union will be held

at York on Whit-Monday for the investigation of the natural

history of Askham Bog, and for the geological investigation of

the morainic ridges of Askham and Bilbrough. Askham Bog

is one of the very few undrained spots left in the Vale of York ;

hence the naturalist values it much as the paleontologist values

one bone of an extinct animal, for from it he can draw such a

true and interesting picture of a stage in the development of the

district.

A Fisheries Exhibition will beheld at Salzburg, Austria, on

September 2, and the eight following days. The exhibits are

divided into nine classes, and include sections for artificial

breeding apparatus, preserving methods, tackle, and the litera-

ture and statistics of fishing.

The Times announces that the appointment of the com-

manding officer of the National Antarctic Expedition has been

made by the joini committee of the Royal and Royal Geo-

graphical Societies. The officer selected is Lieut. Robert F.

Scott, now torpedo-lieutenant of the Majestic. He has been

fifteen years in the Navy, has a record of service of the highest

class, and will shortly be promoted to commander. The head

of the scientific staff will be Dr. J. W. Gregory, recently

appointed professor of geology in the University of Melbourne.

Though he has only just entered upon his duties at Melbourne,

the authorities have granted him leave of absence to serve with

the Antarctic Expedition. He will come to England in October

to prepare for his new work.

An exhibition of photographs, by Dr. P. H. Emerson, will be

open at the Royal Photographic Society, 66 Russell Square,

W.C., from May 30 until June 30.

By the will of the late Prof. Piazzi Smyth, the executors are

instructed to repay to the Government Grant Committee of the

Royal Society all of the advances, estimated at 300/. , made by

the Society to Prof. Smyth for the purchase of scientific instru-

ments after he went to Ripon. The will bequeaths to the Royal

Society of Edinburgh the portrait of Prof. Smyth, by Faed,

R.S.A., and all his books of original drawings and journals,

and his boxes of glass photographs. The residuary estate

is to be in trust for certain legatees for life, and subject to their

life interest for the Royal Society of Edinburgh if agreeable to

iceceive the same as a trust, whereof the income is to be em-

ployed by that Society, first, in printing for a limited free distri-

"bution and a small sale to the public, at a cost of about 600/., the

spectroscopic MSS. offered by Prof. Smyth to the Government
in October 1857, and then to assist or promote every ten or

twenty years an exceptional expedition for the study of some
particular branch of astronomical spectroscopy in the purer air

of some mountain elevation of not less than 6ckx) feet above the

sea-level, as tried and found feasible by him in the first experi-

ment on the Peak of Teneriffe in 1856. If the residuary estate

is not accepted by the Royal Society of Edinburgh, it is to be

distributed amongst the pecuniary legatees.

Last week the Royal Horticultural Society held its thirteenth

"Temple Show." In every respect, apart from the uncertainty

of the weather, the great annual exhibition more than fulfilled

the expectation of lovers of flowers and of horticulturists

generally. On the other hand, the botanist was greeted by
no species that was not already known. The student of evo-

lution might, nevertheless, have made the acquaintance of

many new artificial races, and hours might have been spent

in examining fresh garden "varieties," produced by hybridisa

tion and cross-breeding. Even when some striking variation

has been chanced upon, and "fixed" by careful selection,

judicious crossing may be resorted to, in order that further

" improvements " may be brought about. To take a case,
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Messrs. Laing and Sons showed some begonias, in which the

development of a " crest " or tuft of small outgrowths from the

petals was very much marked. This appeared sporadically and

slightly at first in a plant with flowers of the same colour as

those of its parents, but since the establishment of the crested

race it has been crossed with others, and now crested petals

may be had of many tints. The cactus- flowered zonal pelargo-

nium may be mentioned on account of its vivid colouring and

numerous narrow petals. Its rearer, Mr. E. S. Towell, obtained

it from the seed of a "semi-double " Pelargonium, which he

crossed with pollen from many different flowers. Among these

was that of Lychnis chakedonica ; and Mr. Towell, though not

absolutely certain of the fact, considers that the last-named

species is the father of his " Fire Dragon." The particular tint

of scarlet shown by the petals, the time these persist, and their

divided appearance favour this view.

The Sugar-Beet Committee of the Central Chamber of

Agriculture have completed arrangements for a limited number

of experiments in the growth of sugar-beet during the forth-

coming season, each experimental plot being at least one acre

in extent. In all, there will be about thirty-three different

experiments, of which twenty-five are situated in England, four

in Scotland, and four in Ireland. The English counties in

which one or more experiments will be made are Wilts, Hants,

Berks, Oxon, Beds, Kent, Suffolk, Hereford, Worcester,

Warwick and Lancaster. As previous experiments have, in

certain cases, demonstrated the value of sugar-beet for the

feeding of live stock (independently of its value for the manu-

facture of sugar), it has been decided to keep this point

specially in view in connection with the experiments of the

present year.

An interesting feature of the Paris Exposition is the elevated

moving pavement. The line, which is described in the Scientific

American, forms a complete circuit, running along the side of

the Champ de Mars, the Quai d'Orsay, the Esplanade des

Invalides and the Avenue de la Motte-Picquet, the total length

of its course being 3500 metres. The platform is supported on

an elevated structure, to which access is given from a number

of stations situated within the Exposition grounds. The sub-

structure supports three platforms, one fixed and two movable,

these having a speed of eight and four kilometres per hour.

To enable the platform to pass around the curves, the different

sections are dovetailed into each other by large circular por-

tions, forming a kind of horizontal hinge. Each of the plat-

forms carries an I-beam running along under the centre ; these

rest upon a series of rollers placed at intervals, operated by

electric motors. Upon the shaft of the motor is mounted a

large roller for the high-speed platform and a roller of one-half

the diameter for the slow speed. The friction of the platform

is sufficient to cause its adhesion to the rollers. The platform

was put into operation on April 14, and has proved a great

success, as by its means an easy passage through the grounds

is afforded, as well as a series of interesting views. The tour

is made in twenty-six or fifty-two minutes.

Particulars of the short electric line—about 5000 feet in

length—between Earl's Court and High Street, Kensington,

which has just been opened on the Metropolitan District Rail-

way, are given in the current number of the Electrician. The

engineers, Sir John Wolfe Barry and Sir W. H. Preece, were

required to equip this line electrically without any interference

with the permanent way, without any interference with the

running of the ordinary train service, and without allowing any

electric current to pass through the permanent way or the sub-

soil, lest such should interfere with the signalling arrangements

of the line. In accordance with these stringent regulations, it

became necessary to adopt an insulated system throughout, and
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to do the whole of the construction work in the few midnight

hours when the trains were not running. The system may be

termed a four-rail system. It includes the two ordinary track

rails, which are not used for any electrical purpose whatever,

and two electrical rail conductors placed on either side outside

the track. A special type of train has been designed for the

line, the design being such as to adapt it specially to the ex-

perimental conditions. There is no separate locomotive, the

train being worked in block, and a motor carriage being placed

at either end. Only one motor carriage, however, is used at a

time—viz. that, one in the front in the direction in which the

train is moving. This arrangement, while duplicating the

amount of electric motor plant, is convenient, as it obviates

shunting the motor carriage. It is intended to carry out. a

series of careful experiments on electric traction upon this

line, and for this purpose a dynamometer car will some-

times be attached to the train. Already certain experiments

have been made. In his evidence before the Select Committee
of the House of Commons considering the Manchester- Liverpool

Express Railway, Sir William Preece recently stated that the

train, fully loaded, had started on the very difificult gradient of

I in 43—a feat which an ordinary steam locomotive was unable

to perform when hauling a similar load. Moreover, in a tug-

of-war between the electric train and a steam locomotive, the

electric train readily overcame the steam engine.

It has been said that every person is mentally a little un-

balanced, and that education from this point of view is simply

the attempt to secure and maintain mental equilibrium, which,

however, is never actually attained. Lapses of thought, inad-

vertencies in expression, and other slips in speaking or writing

(lapsus linguae and lapsus calimi) are thus of interest to the

psychologist as useful guides to the understanding of mental

processes. Every one has experienced unaccountable lapses of

this kind, and the lapse often comes as a surprise to the speaker

or writer himself. During a lecture, a professor inadvertently

referred to the "tropic of Cancercorn," intending to say "the
tropics of Capricorn and of Cancer." Many similar instances

might be cited, for example, the man who was going for a walk
to "get a breash of freth air," the person who inquired for the
" portar and mestle," and another who said " the pastor cut

the shermon sort." A physicist is recorded to have said that

he feared he should "get the instrument out of needle," when
he intended to say he feared he would "get the instrument out

of level and deflect the needle." This is curious, but it is not

so amusing as the order of " beggs and aeon" for breakfast,

or the remark of a nervous churchman to a stranger in his

seat, "Excuse me, but you are occupuing my pie." Mr.
H. Heath Bawden has made a detailed study of similar mental

lapses, both oral and graphic, and his results are described

in a monograph of the Psychological Review. It is suggested

that the aberrations dealt with are due to incipient aphasia

or agraphia, and the similarity between them is held to show
that our ordinary experience borders at every point on what
is called the abnormal or pathological condition.

For some time past peat has been largely used in this

country as litter for stables in the place of straw. This material

is now likely to have a much more extended use, and the peat

bogs of this and other countries made to assume a value never

before realised. For the past twelve years Herr Zschorner, of

Vienna, has been investigating the properties of peat, and has

shown its possibilities. In the Vienna Exhibition of last year

was a building in which everything, from the carpets on the

floor to the curtains on the windows, and the paper on the

walls, had all been made from peat. Herr Zschorner's investi-

gations have shown that, although the fibres of the remains of

the reeds and grasses of which peat is composed have become
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altered in their physical and chemical character, yet they have

not .suffered any anatomical change ; and while nothing capable

of fermentation or decay is left, the fibrous structure remains

intact ; that they are very durable, elastic, good non-conductors

of heat and non-combustible. Fabrics woven from them are

found to have the toughness of linen with the warmth of wool.

There is no textile fabric that cannot be woven from these

fibres. Blankets and other coverings used for horses and cattle

have been found in use to excel in warmth and cleanliness.

The unspun fibre is found to be a good substitute for absorbent

cottons possessing strong antiseptic properties. Paper of

several qualities has been made, and the uses to which peat

fibre has already been applied indicate possibilities that may
render the peat bogs of Ireland a valuable addition to the

resources of that country, and give full occupation to the

inhabitants of the " congested " districts.

The Rendiconto of the Naples Academy for March and April

contains a complete list of the mathematical works of the late

Prof. Beltrami.

In the Bulletin de la Classe des Sciences of the Belgian

Academy, M. Vandenberghe continues his researches on the

dissociation of substances in solution. The author, by new

experiments conducted with the use of solvents belonging to the

same homologous series, establishes the conclusion that the

influence exerted on the decomposition of molecular associations

by the solvent does not materially influence the effects due to

elevation of temperature.

A PRELIMINARY note on the magnetic observations made
during the Belgica Antarctic expedition is given by M. G.

Lecointe in the Btilletin de la Classe des Sciences (Brussels).

For the measurements of declination Neumayer's apparatus was

used, the declination being the difference between the magnetic

azimuth of a star and the true azimuth calculated from the local

time. The Neumayer apparatus was also found far more suit-

able than the theodolite for measuring the horizontal com-

ponent, the instability of the theodolite as its feet began to sink

into the ice rendering observations made with it of little value.

In determining the inclination the great sensitiveness of

Gambey's compass could not be utilised regularly on account of

the ice-movements, and here again Neumayer's apparatus proved

the most serviceable. The paper consists chiefly of a table of

the recorded observations.

In his Wilde Lecture, published in the Manchester Memoirs,

1899, No. 5, Lord Rayleigh discusses the mechanical principles

and possibilities of flight, both natural and artificial.- The
problem of the sailing bird is treated from the three alter-

native points of view, which attribute its source of energy to

upward currents, variation of wind-velocity with the altitude

and pulsating gu-.ts of wind. Lord Rayleigh then considers the

law of dependance of the aerial resistance of a plane surface on

its obliquity, and describ2s experimental methods whereby>^the

resistances at different obliquities may be compared by an
" astatic " arrangement, in which pairs of vanes are so adjusted

that the moments of the oppositely turned vanes balance each

other. In connection with the expenditure of power required

to support a given weight. Lord Rayleigh has calculated that,

in order for a man to support himself by a vertical screw by

working at the pjwer an average man can maintain for eight

hours a day, he would require a screw ninety metres in diameter,

and in this estimate no account has been taken of the weight

of the mechanism or of frictional losses. In conclusion, the

effects of flapping wings are briefly discussed.

A FURTHER addition to Mr. H. C. Russell's interesting

current papers (No. 4), containing the tracks of 1 24 bottles

received during a year ending with September last, has been
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published. The comparatively large number of bottles received

appears to be owing to the prevalence of southerly winds ; the

north-west winds being found to alter the direction of the

drifting bottles, so that they pass to the south of Australia. The
suggestion made in the previous paper that bottles thrown over

on the east coast drifted first to the east in Tasman Sea, and

then northwards until they reached the great current from the

east, which passes south of New Caledonia, is supported in a

remarkable way by the drift of the Perthshire after she was

disabled in the Tasman Sea ; her general direction for 640 miles

was N.E. by N., at an average daily rate of 1 3 "6 miles. To-

wards the end of the drift she travelled rapidly to the west.

Two bottles floated near Cape Horn came over to Australia at

the daily rates of 122 and 9*5 miles respectively. There are

also some very interesting bottle tracks in the North Atlantic

Ocean. One of these, floated in the Gulf of Mexico, made a

run of 6300 miles in a south-easterly direction— the longest

hitherto recorded in that ocean by Mr. Russell. The propor-

tion of bottles received to those thrown overboard appears to

be very disappointing ; out of 48 bottles thrown from ss. Gulf

of Bothnia, to take an extreme case, only one was received.

The resolutions passed at the International Congress for

Marine Research held at Stockholm last summer are published

in extenso in the April number of the Scottish Geographical

Magazine. An important feature in these resolutions is the

recognition that the primary object of the investigations recom-

mended to be undertaken is the improvement and promotion of

fisheries by means of international agreements.

In Appletott's Popular Science Monthly for May, Prof. E. S.

Morse gives a full account of the observations made by himself

many years ago as to the manner in which the larval insect

known as the " cuckoo-spit " forms the mass of froth in which

it is concealed. If the insect be cleared from the mass of froth

and allowed to settle upon some succulent plant-stem, it will

soon thrust its. piercing organs through the outer layers and

commence sucking the juices. After a short time a clear fluid

exudes from the abdomen, and after flowing over the body
eventually fills up the spaces between the latter, the legs and

the stem, so that the entire creature is soon totally enveloped.

For about half an hour the insect will remain quiescent in this

condition, when it suddenly begins to "blow bubbles" by

turning its tail out of the fluid, opening the terminal segment,

which appears like claspers, and then bending down the tail

into the fluid with an attached air-bubble, which is instantly

allowed to escape. These movements are repeated at the rate

of 70 or 80 a minute till the entire envelope of fluid is converted

into the mass of froth with which we are all familiar.

Bulletin No. 23 of the Division of Entomology of the U.S.

Department of Agriculture is devoted to a series of articles, by

Mr. F. H. Chittenden, dealing with some of the insects in-

jurious to garden crops. Sixteen different species of such pests

are described, with the devastation they cause. Out of these,

the most generally interesting is the invasion of the " fall army-

worm " in 1899. This caterpillar {Laphygmafrugiperda) derives

its name from the circumstance that, unlike the true "army-
worm," it is seldom observed, except perhaps in the most

Southern States, to travel in large hosts until the autumn, or, at

least, before August. During 1899 these caterpillars appeared
in vast swarms over a large area of the States, where they in-

flicted much damage on crops of various kinds. Properly

-peaking, the " fall army-worm" is a grass-feeder, but when it

iiakes its appearance in such numbers as to consume all acces-

ible pasture in the neighbourhood, as was the case last season,

it turns its attention to gardens, orchards and greenhouses.

The crops affected last year, in addition to grass and clover, in-

cluded rice, maize, wheat, oats, cabbage, beet, peas, turnips and
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even tobacco. Unfortunately, the " fal army-worm" differs

from the true " army-worm " in that its hosts may reappear the

year after a visitation ; and destructive measures, such as

poisoning by kerosene or arsenic, are accordingly essential.

We have received the Proceedings of the South Londoi>

Entomological and Natural History Society for 1899, which
includes the President's address and several original communi-
cations on entomological subjects.

The latest issue of the Natural History Transactions of

Northumberland, Durham, &c., contains a catalogue of the

unique and unrivalled collection of British birds presented in

1883 to the trustees of the Natural History Society of those

counties by the late John Hancock. The catalogue has been

drawn up by Mr. J. Howse.

There are already several excellent editions of Gilbert

White's " Selborne," but a welcome will be extended to the

splendid volumes, the first of which has just been published by
Mr. S. T. Freemantle. In this edition we shall have in two
volumes a superb " Natural History and Antiquities of Selborne,

and a Garden Kalendar," edited by Dr. R. Bowdler Sharpe,

with an introduction to the Garden Calendar by Dean Hole,

and numerous plates and other illustrations.

" La Speleologie" is the title of a little handbook by M.
E. A. Martel on the science of caverns. It belongs to the

"Scientia" series, published by MM. Carre et Naud (Paris,.

1900 ; pp. 126). The author gives an account of the origin of

fissures and caverns, of the action of subterranean waters and
all matters connected with them. He deals also with the phe-

nomena of ice-caves [glacieres), and again with the relations

between rock cavities and metalliferous deposits. The various

prehistoric and historic remains found in caverns are somewhat
briefly dealt with ; and finally the author discourses on the plants

and animals found living in subterranean regions.

Mr. W. Engelmann, of Leipzig, has just commenced the

publication of an elaborate work, by Prof. W. Wundt, en-

titled " Volkerpsychologie : Fine Untersuchung der Entwick-

lungsgesetze von Sprache, Mythus, und Sitte." The work
will be completed in three volumes—the first dealing with

language as the expression of the emotions by signs and

speech, the second with myths and religions, and the third

with ceremonies and customs. Each volume will be complete

in itself, and will be separately indexed. The second (and

concluding) part of the first volume will be published in the

autumn of this year, and will then be reviewed with the part

which has just appeared.

Dr. Robert Munro's " Rambles and Studies in Bosnia-

Herzegovina and Dalmatia" (Blackwood) is not only an

excellent book of travel, but a very valuable contribution to

archiEological literature. An appreciative notice of the work
appeared in these columns four years ago (vol. liv. p. 78), and

we have now] to announce the publication of a second, revised

and enlarged edition. An account is given of the proceed-

ings of the Congress of Arch;\?ologists and Anthropologists

held at Sarajevo in August 1894, and as the Government of

Bosnia- Herzegovina have departed from their original intention

to publish a report of the congress, Dr. Munro's volume has

the distinction of being the only record, in book form, of the

important problems which were considered. A number of

additions have been made to the original volume, and a much-

wanted index has been supplied.

The second and third parts of the second volume of the

unique " Encyklopiidie der mathematischen Wissenschaften

"

in course of publication by the firm of B. G. Teubner, Leipzig,

have just been issued. The scope of this great undertaking is
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so extensive that several years must elapse before the work is

completed. There will be seven volumes in all, having the

following subjects and editors :—Arithmetic and algebra, Prof.

W. F. Meyer ; analysis, Prof. II. Burkhardt ;
geometry, Prof.

Meyer ; mechanics, Prof. F. Klein ; physics. Prof. A. Sommer-

feld ;
geodesy and geophysics. Prof. E. Wiechert ; astronomy

(under arrangement) ; history, philosophy, and didactic

questions, Prof. Meyer. The work is published under the

auspices of the Munich and Vienna Academies of Science, and

the Gottingen Society of Sciences, and no mathematical library

will be complete without it.

Sir John Lubbock's book on " The Scenery of Switzerland,

and the causes to which it is due " has been translated into

Italian by Dr. L. Scotti, and is published by Signor U. Hoepli,

of Milan, as " Le Bellezze della Svizzera, Descrizione del

Paesaggio e sue Cause geologiche." The first English edition

was noticed in Nature of September 10, 1896 (vol. liv.

P> 439) ; the translation is from the third edition, published

in 1898.

The use of acetylene for lighting rooms upon a commercial

scale renders its purification from sulphuretted and phosphuretted

hydrogen imperative, on account of the injurious effects of the

products of combustion of these impurities in a confined space.

Numerous substances have been put forward by different inven-

tors as effecting the desired purification, among which may be

mentioned ferric chloride, chromium sulphate, petroleum, benz-

ene, chromic acid, bleaching powder, and cuprous chloride.

"The ideal purifier should remove the impurities as completely

as possible, should not absorb acetylene itself, and should not

-communicate any objectionable properties to the purified gas.

The current number of the Moniteur Scientifiqiie contains ab-

stracts of numerous papers upon this subject. From these it

would appear that solutions of metallic salts do not wholly

remove the impurities, chromic acid and chloride of lime solu-

tions being the only substances that effect a complete puri-

fication, and of these the former is preferable, as with the latter

explosions have occurred, probably owing to the formation of

chloro-acetylene.

The additions to the Zoological Society's Gardens during the

past week include a Diana Monkey {Cenopitkecus diana) from

West Africa, a Common Squirrel {Sciunis vulgaris), British,

presented by Mrs. Morris ; a Common Paradoxure
(
Para-

doxurus tiiger) from Java, presented by Mr. E. E. Hewens ; a

Boddaerl's Snake [Drymobius boddaerli), a Chequered Elaps

{Elaps leiniiiicatus), a Rat-tailed Opossum {Didelphys nudi-

caudata) from Trinidad, presented by Mr. Leon Bernstein ; a

Summer Snake {Contia oestiva), a Mexican Snake {Coluber

melanoleucus), six Menobranches {Nicturus maculalus), five

American Green Frogs {Rana halecina) from North America,

deposited.

OUR ASTRONOMICAL COLUMN.
Astronomical Occurrences in June.

June 2. 8h. 33m. to 9h. 35m. Moon occults k Cancri (mag.
5-0).

4. 9h. 49m. to loh. 45m. Transit of Jupiter's Satellite

III. (Ganymede).
7. 9h. 58m. to loh. SSm. Moon occults the star

D.M. - 10°, 3570 (mag. 60).
11. 8h. Jupiter in conjunction with moon. Jupiter

1° 29' North.
II.' iih. 23m. to I2h. 43m. Transit of Jupiter's Satellite

III. (Ganymede).
12. Partial eclipse of the moon.

I3h. i6'2m. First contact with penumbra.
I5h. 24*2m. First contact with shadow.
I5h. 27 -Sm. Middle of the eclipse.

I5h. 3i'om. Last contact with the shadow.
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June 12. I7h. 39'om. Last contact with the penumbra.
It will be a very small eclipse, the proportion of

the moon's surface covered by the earth's shadow
being equal to only one-thousandth part. The fainter

outlying shadow will, however, cover a large region,

but will be only faintly discernible.

13. 7h. Mercury in conjunction wtih e Geminorum.
Mercury, o' 3' South.

13. 9h. 40m. to loh. 52m. Moon occults the planet

Saturn.

15. Venus. Illuminated portion of disc, 0'i44. Mars,
0962.

16. 8h. 48m. Jupiter's Satellite IV. (Callisto) in con-

junction south of planet.

19. Saturn. Polar semi-diameter, i7"'o. Outer minor
axis of outer ring, i8"'87.

23. 5h. Saturn in opposition to sun.

Search Ephemeris for Eros.—The following is continued

from the ephemeris by J. B. Westhaver {Astronomical Journal,
No. 479, vol. XX. p. 185).

Ephemeris for 12/1. Greenwich Mean Time.
1900. R.A. Decl. Mag.

h. m. s. ^ , ,1

June 2 ... 23 57 26 ... -f4 22 22 ...

4 ... o 36-1 ... 4 57 6 ... 12-9

6 ... 4 87 •• 5 31 57 -
8 ... 7 407 ... 6 6 57 ... 12-9

10 ... II 119 ... 6 42 6 ...

12 ... 14 42*5 ... 7 17 24 ... 12-8

14 ... 18 12-4 ... 7 52 51 ...

16 ... 21 417 ... 8 28 27 ... 127
18 ... 25 10-3 ... 9 4 12 ...

20 ... 28 38-1 ... 9 40 5 ... 127
22 ... 32 5*3 ... 10 16 8 ...

24 ... 35 31-8 ... ID 52 19 ... 12-6

26 ... 38 57-5 ... II 28 39 ...

28 ... 42 22-4 ... 12 5 8 ... 12-5

30 ... 45 46-6 ... 12 41 47 ...

July2 ... 49 lo-o ... 13 18 34 ... 12 5
Prof. Howe is reported to have discovered the planet in the

constellation Aries.

Oxford University Observatory.—In the twenty-fifth

annual report of the Savilian professor at Oxford, Prof H. H.
Turner briefly reviews the history of the institution. The late

Prof. Pritchard, ia 1873, successfully appealed to the University

for facilities to institute the means of carrying on astronomical

research, but the plans originally projected being modified by
the presentation of Dr. De la Rue's instruments, the building

was not finished until 1875. However, notwithstanding his

advanced age. Prof. Pritchard carried out before his death two
important researches, the Uranometria Nova Oxoniensis, and
the determination of stellar parallaxes ; and initiated a third, the

share of the Observatory in the International Astrographic Chart.

During the six years of Prof. Turner's directorship the

energies of the Observatory have been chiefly directed to

carrying out, as expeditiously and economically as is consistent

with the necessary accuracy, this great work of fundamental

astronomy. One or two more years will be required to com-
plete it, but the work is at present as well advanced as at any
of the other eighteen observatories which are collaborating.

In addition, the Observatory has been utilised as an educa-

tional institution for the benefit of the students of the University.

For the Astrographic Catalogue, 736 plates are now measured,

and 705 completely reduced, out of the 1180 falling to the share

of the Observatory. Measurements have been made on a plate

supplied by Prof. E. C. Pickering to determine the optical

distortion of a photographic doublet. A preliminary discussion

of these measures indicates a distortion varying as the cube of

the distance from the centre of the plate ; this somewhat sur-

prising result, if confirmed, will enable the reduction of photo-

graphs of star fields of wide angle to be made with great

accuracy.

RousDON Observatory, Devon.—Sir C. E. Peek sends us

another of his pamphlets (No. 6), containing the detailed par-

ticulars of the observations of variable stars during the past

decade. The observations of T Cassiopeia extend over the

ten years 1889-1898, and those of R Cassiopeite from 1887-

1898. At the end of the observation the light curves of the two
stars are shown.



May 3[, 1900] NATURE 1

1

SOME MODERN EXPLOSIVES}
II.

T NOW pass to points which have to be considered when
^ weighing the comparative merits of explosives for their

intended ends.

Vou will easily understand that between explosives which are

intended to b2 used for propalling purposes, and those which

are intended to bj used, say for bursting shell, a wide difference

may exist.

In the former case, facility of detonation would be an in-

superable objection ; in the latter, the more perfect the detonation

the batter, certain special cases, to which I have not time to

refer, excepted.

There exists, I think, considerable diversity of opinion as to

what does, and what does not, constitute true detonation. I

find many persons speak of a detonation, when I should merely

consider that a very high pressure had been reached. This

gun-cotton slab on the table affords me, I think, a fair oppor-

tunity of explaining my meaning. Were I to set fire to it, ex-

cept for the l.^rge volume of flame and the great amount of heat

generated, we in this room would not suffer ; we should probably

experience more inconvenience did I fire a similar slab of gun-

powder, as detached burning portions would probably be pro-

jected to some distance.

But if I fired this same slab with two or three grammes of

fulminate of mercury, a detonation of extreme violence would
follow. The detonation would be capable of blowing a hole in a

tolerably thick iron plate, and would probably put an end to a

considerable portion of the managers in the front row.

I mentioned to you some time ago the time in which a charge
would be consumed in the chamber of a gun—if a charge of

500 lbs. of these slab? were effectively detonated, this charge
would be converted into gas in less than the 20,000th part of a

second.

No such result would follow were I to try a similar experi-

ment with a slab of compressed gunpowder of the same dimen-
sions. I do not say the experience would be pleasant, but there

would be nothing of the instantaneous violent action which
marks the decomposition of the gun-cotton.

To give you an idea of the extraordinary violence which ac-

companies detonation, I have fired, for the purpose of this

lecture, with fulminate of mercury, a charge of lyddite in a cast-

iron shell, and those who are sufficiently near can see for them-
selves the result. By far the greater part of the cast-iron shell,

weighing about lO lbs., is reduced to dust, some of which is so

fine that I assumed it to be deposited carbon until I had tested

it with a magnet. I may add that the indentation of the steel

vessel l)y pieces of the iron which were not reduced to powder
would appear to indicate velocities of not less than 1 200 feet-

seconds, and this velocity must have been communicated to the

fragments in a space of less than two inches.

For the sake of compirison, I place beside it a cast-iron shell

burst by gunpowder. You will observe the extraordinary dif-

ference. I also have on the table two small steel shells exploded,
one by a perfectly detonated, the other by a partially detonated
charge. I may remark that in the accounts of correspondents
from the seat of war, frequent mention is made of the green
smoke of lyddite. This appearance is due prolxibly to imperfect

detonation— to a mixture, in fact, of the yellow picric with the

black smoke. I do not say, however, that imperfect detonation
is necessarily an evil.

To another experiment I draw your attention.

For certain purposes I caused to be detonated, in the chamber
a i2-pounder, a steel shell charged with lyddite. The detona-
n was not perfect, but the base of the shell was projected with

I wit violence against the breech screw. You may judge of how
! tat that violence was when I tell you that the base of the shell

)k a complete impression of the recess for the primer, develop-
ing great heat in so doing ; but, what was still more remarkable,
the central portion of the base also sheared, passing into the
central hole through which the striker passes. This piece of
shell is upon the table, and open to your inspection.

One other instance to illustrate the difference between com-
bustion and detonation I trouble you with. Desiring to ascer-
lin the difference, if any, in the products of explosion between
inbustion and detonation, I fired a charge of lyddite in such a
inner that detonation did not follow. The lyddite merely

A Discourse delivered at the Royal Institution on Friday, March 23, by
Andrew Noble, K.C.B., F.R.S. Continued from p. 90.

NO. 1596. VOL. 62]

deflagrated. But a similar charge differently fired shortly after-

wards detonated with such extreme violence as to destroy the

vessel in which it was exploded. The manner in which the

vessel failed I now show you (Fig. 4), and I have on the table

the internal crusher gauge which was used, and which was also

totally destroyed.

The condition of this gauge is very remarkable, and the action

on the copper cylinder employed to measure the pressure was

one to which I have no parallel in the many thousand experi-

ments I have made with these gauges. The gauge itself is

fractured in the most extraordinary way, even in some places

to which the gas had no access, and the copper cylinder, which

when compressed usually assumes a barrel-like form (that is,

with the central diameter larger than that at the ends as shown

in Fig. 5) ; but in this experiment, and in this only, the cyhnder

was bulged closed to the piston, as you see. It would appear

as if the blow was so suddenly given that the lamin?e of the

metal next the piston endeavoured to escape in the direction of

Fig. 4.—Explosion vessel.

least resistance, that being easier than to overcome the inertia

of the laminae below.

The erosive effect of the new explosives is another point of

first-rate importance in an artillery point of view. The cordite

of the service is not, if the effect be estimated in relation to the

energy impressed on the projectiles, more erosive than, for

example, brown prismatic, which was itself a very erosive

powder ; but as we are able to obtain, as you have seen, very

much higher energies with cordite than with brown prismatic,

the erosion of the former is, for a given number of rounds,

materially higher.

There is, however, one striking difference. By the kindness

of Colonel Bainbridge, the Chief Superintendent of Ordnance

Factories, I am enabled to show you a section of the barrel of

a large gun eroded by 137 rounds of gunpowder. Beside it is a

barrd of a 47 -inch quick-firing gun eroded by 1087 rounds of

gunpowder, and another eroded by 1292 rounds of cordite. You

Fig. 5.—Copper cylinders.

will observe the difference. In the former case the erosion

much resembles a ploughed field. In the latter the appearance

is more, as if the surface were washed away by the flow of the

highly heated gases.

But take it in what way you please, the heavy erosion of the

guns of the service, if fired with the maximum charges, is a very

serious matter, as with the large guns, accuracy, and in a

smaller degree energy, are rapidly lost after a comparatively

small number of rounds have been fired.

Cordite was first produced for use in small arms only, where,

owing to the small charges employed, the question of erosion is

not of the same importance as with large guns ; but its employ-

ment, from the great results obtained with it, was rapidly

extended to artillery, and the attention of my friends. Sir F.

Abel and Prof Dewar, has for some time been devoted in

conjunction with myself to investigating whether it is not possible

materially to reduce this most objectionable erosion.

With this object I made the following series of experiments.
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I had cordite of the same dimensions prepared with varying

proportions of nitro-glycerine and guncolton. The nitro-

glycerine being successively in the proportions of 60, 50, 40, 30,

20 and 10 per cent., and with each of these cordites I deter-

mined the following points :

—

(i) The quantity of permanent gases generated.

^2) The amount of aqueous vapour formed.

(3) The heat generated by the explosion.

'Fig. 6. -Energy in foot tons ; heat in .

;
gas in c.c. ; erosion in inches

; pressure in tons.

(4) The erosive effect of the gases.

(5) The ballistic energy developed in a gun, and the corre-
sponding maximum pressure.

(6) The capacity of the cordite to resist detonation when
fired with a strong charge of fulminate of mercury.
The results of these experiments were both interesting and

instructive.

To avoid wearying you with a crowd of figures, I have placed
on Fig. 6 the results of the first five series

of experiments.

On the axis of abscissae are placed the
percentages of nitro-glycerine, while the
ordinates show the quantities of the gases
.generated, the amount of heat developed,
the erosive effect of the explosive, the bal-

listic energy exhibited in a gun, and the
•maximum gaseous pressure.

You will note that with the smallest

'proportion of nitro-glycerine the volume
of permanent gases is a maximum, and
that the volume steadily decreases with
the increase of nitro-glycerine. On the
other hand, the heat generated as steadily

increases with the nitro-glycerine, and if

we take the product of the quantity of heat
and the quantity of gas as an approximate
measure of the potential energy of the
explosive, the higher proportion of nitro-

glycerine has an undoubted advantage ;

but in this case, as in the case of every
other explosive with which I have experi-
mented, the potential energies differ less

than might be expected from the changes
in transformation, as the effect of a large
quantity of gas is to a great extent com-
pensated by a great reduction in the quan-
tity of heat generated.

This effect is, of course, easily explained, and was very
strikingly exhibited in the much more complicated transforma-
tion experienced by gunpowders of different compositions, a
long series of which were very fully investigated by Sir F. Abel
and myself.

Looking at this diagram you will have observed that the
energy developed in the gun is very much smaller with the
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smaller proportions of nitro-glycerine, but if you will look at

the corresponding maximum pressure-curve you will note that

the pressures have decreased nearly in like proportion. Hence it

is probable that the lower effect is mainly due to a slower com-

bustion of the cordite, and it follows that this effect may be, to

a great extent, remedied by increasing the rate of combustion

by reducing the diameter of the cordite to correspond with the

reduction in the quantity of nitro-glycerine.

To test this point I caused to be manu-

factured a second series of cordites of the

same composition, but with the diameters

successively reduced by •03, as you see with

the samples I hold, and this diagram (Fig.

7) shows at a glance the result. The
energies you see are, roughly, practically

the same, but if you look at the pressure-

curve you will observe that I have ob-

tained a curve in which, on the whole,

the pressures vary in the contrary direction,

that is to say, in this case the pressures

increase as the nitro-glycerine diminishes.

Taking the two series into account, they

show that by a proper arrangement of

amount of charge and diameter of cord it

would be possible to obtain the same bal-

listics and approximately the same pressure

from any of the samples I have exhibited to

you.

But I have to draw your attention to

another point. From the curve showing

the quantities of heat you will note that in

passing from 10 per cent, nitroglycerine

to 60 per cent., the heat generated has

increased by about 60 per cent. But here

is the curve indicating the corresponding

amount of erosion, and you will see that

while the quantity of heat is only greater by

i

about 60 per cent., the erosion is greater by nearly 500 per cent.

i

These experiments entirely confirm the conclusion at which I

have previously arrived, viz. that heat is the principal factor in

1 determining the amount of erosion.

In experimenting with a number of alloys of steel, the greatest

resistance was shown by an alloy of steel with a small propor-

tion of tungsten, but the difference between the whole of these

amounted only to about 16 per cent.

Fig. 7.—Energy in foot tons ; pressure in tons.

The whole of these cordites were, as I have mentioned, sub-

jected to detonation tests. None of them, so far as my experi-

ments went, exhibited any special tendency in this direction.

I will now endeavour to describe to you a most interesting

and important series of experiments which, I regret to say, is a

long way from completion.

The objects of these experiments were (i) to ascertain the
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lime required for the combustion of charges of cordite in which
the cordite was of different thicknesses, varying from o 05 inch

to o-6o of an inch ; (2) the rapidity with which the explosives

part with their heat to the vessel in which the charge is con-

fined ; and (3) to ascertain, if possible, by direct measurement,
the temperature of explosion, and to determine the relation

l)etween the pressure and temperature at pressures approxim-
ating to those which exist in the bore of a gun, and which are,

of course, greatly above any which have yet been determined.
As reganls the first two objects I have named, I have had no

serious difficulties to contend with, but as regards the third, I

have so far had no satisfactory results, having been unable to

use Sir W. Roberts Austen's beautiful instrument owing to the
temperature at the mpnient of explosion being greatly too high,

high enough indeed to melt and volatilise the wires.

I am, however, endeavouring to make an arrangement by
which I hope to be able to determine these points when the
temperature is so far reduced that the wires will no longer be
fused.

If the piston be left free to move the instant of the commence-
ment of pressure, the outside limit of the time of complete ex-
plosion will be indicated ; but, on account of the inertia of the
moving parts, the pressure indicated will be in excess of the
true pressure, and the excess will be, more or less, inversely as
the time occupied by the explosion.

If we desire to know the true pressure, it is necessary to com-
press the gauge beforehand to a point closely approximating to

the expected pressure, so that the inertia of the moving parts
may be as small as possilile—the arrangement by which this is

effected is not shown in the photograph, but the gauge is retained

at the desired pressure by a wedge-shaped stop, held in its place
by the pressure of the spring, and to the stop a heavy weight is

attached—when the pressure is relieved by the explosion, the
weight falls and leaves the spring free to act.

I have made a large number of experiments with this instru-

ment, both with a variety of explosives and with explosives fired

under different conditions. Time will not permit me to do more
than to show you on the screen three pairs of experiments to

The apparatus I have used for these experiments is placed on
he table. The cylinder in which the explosives were made

:- too heavy to transport here, but this photograph (Fig. 8) will

sufficiently explain the arrangement. The charge I used is a little

more than a kilogramme, and it is fired in this cylinder in the
usual manner.
The tension of the gas acting on the piston compresses the

>pring, and indicates the pressure on the scale here shown. But
o obtain a permanent record, the apparatus I have mentioned is

employed.
There is, you see, a drum made to rotate by means of a

small motor. Its rate of rotation is given by a chronometer
acting on a relay, and marking seconds on the drum, while the
magnitude of the pressure is registered by this pencil actuated by
he pressure-gauge I have just described.
To obtain with sufficient accuracy the maximum pressure, and

also the time taken to gasify the explosive, two observations

—

that is, two explosions—are necessary.
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illustrate the effect of exploding cordite of different dimensions,

but of precisely the same composition.

I shall commence with rifle cordite. In this diagram (Fig. 9)

the axis of abscissae has the time in seconds marked upon it,

while the ordinates denote the pressures, and I draw your atten-

tion to the great difference, in the initial stage, between the red

and the blue curves. You will notice that the red curves show a
maximum pressure some 4.^ tons higher than that shown by the

blue curve ; but this pressure is not real. It is due to the

inertia of the moving parts. The red and blue curves in a very

small fraction of a second come together, and remain practically

together for the rest of their course. The whole of the charge

is consumed in something less than fifteen thousandths ("015)

of a second.

In the case of the blue curve the maximum pressure indicated

is obtained in the way I have described, and is approximately cor-

rect— about nine tons per square inch. The rapidity with which
this considerable charge parts with its heat by communication to
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the explosion vessel is very striking. In four seconds after the

explosion the pressure is reduced to abjut one-half, and in

twelve seconds to about one-quarter.

explosion ; and knowing all these points with very considerable
accuracy, we should be able, from the study of the curves to
which I have drawn your attention, and which can be obtained

I now show you (Fig. 10) similar curves for cordite 0*35 inch from different densities of gas, to throw considerable light upon
the kinetic theory of real, not ideal gases»
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they occupy but a very small fraction of the contents of the

cubic centimetre, but yet their number is so great that they

would, if placed in line touching one another, go round many
times the circumference of the earth, a pretty fair illustration of

Euclid's definition of a line.

These molecules, however, are not at rest, but are moving,
even at the low temperature I have named, with great

velocity, the molecules of the different gases moving with

different velocities dependent upon their molecular weight.

Thus, the hydrogen molecules which have the highest velo-

city move with about 5500 feet-seconds mean velocity, while

the slowest, the carbonic anhydride molecules, have only
1

1
50 feet-seconds mean velocity, or about the speed of

sound.

But in the particular gun under discussion, when the charge
was exploded there were no less than 20,500 cubic centimetres
of gas, and each centimetre at the density of explosion contained

580 times the quantity of gas—that is, 580 times the number of

molecules that I mentioned. Hence the total number of mole-
cules in the exploded charge is 8^ quadrillions, or let us say
approximately for the total number eight followed by twenty-
four cyphers.

It is difficult for the mind to appreciate what this immense
number means, but it may convey a good idea if I tell you that

if a man were to count continuously at the rate of three a
second, it would take him 265 billions

of years to perform the taslc of counting
them.
So much for the numbers ; now let

me tell you of the velocities with which,

at the moment of explosion, the mole-

cules were moving. Taking first the

high- velocity gas, the hydrogen, the

molecules of the gas would strike the

projectile with a mean velocity of about

12,500 feet-seconds. Vou will observe

I say mean velocity, and you must note
that the molecules move with very vari-

able velocities. Clerk Maxwell was the

first to calculate the probable distribu-

tion of the velocities. A little more
than one-half will have the mean velocity

or less, and about 98 per cent, will have
25,000 feet -seconds or less. A very few,

about one in 100 millions, might reach
the velocity of 50,000 feet-seconds.

The mean energy of the molecules of

different gases at the same temperature
being equal, it is easy from the data I

have given to calculate the mean velo-

city of the molecules of the slowest

moving gas, carbonic anhydride, which
would be about 2600 foot-seconds.

I have detained you, I fear, rather

long over these figures, but I have
done so because I think they throw
some light upon the extraordinary violence that some explo-

sives exhibit when detonated. Take, for instance, the lyddite

-hell exploded by detonation I showed you earlier in the

evening. I calculate that that charge was converted into gas

in less than the 1/60, 000th part of a second, and it is

not difficult to conceive the effect that these gases of very

high density suddenly generated, the molecules of which are

moving with the velocities I have indicated, would have upon
the shell.

The difference between the explosion of gunpowder fired in a

close vessel, and that of gun-cotton or lyddite when detonated,

is very striking. The former explosion is noiseless, or nearly

The latter, even when placed in a bag, gives rise to an
sceedingly sharp metallic ring, as if the vessel were struck a
irp blow with a steel hammer.
But I must conclude. I began my lecture by recall-

some of the investigations I described in this place

great many years ago. I fear I must conclude in much
same way as I then did, by thanking you for the

Itention with which you have listened to a somewhat dry
ilbject, and by regrettioo; that the heavy calls made on

time during the last few months have prevented my
iking the lecture more worthy of my subject and of my
lience.

EXTENSIONS OF THE DYEING DEPART-
MENT OF YORKSHIRE COLLEGE,

'T'HE opening of the extensions in the Clothworkers' Depart-
^ ments of Yorkshire College, Leeds, has already been re-

ferred to fp. 69). The new buildings, which are shown in the

accompanying illustration, comprise practical and pattern dye-

houses and a research laboratory ; and, as with several other

parts of Yorkshire College, they owe their erection to the

generous interest taken in technical education by the Cloth-

workers' Company of London.
The Clothworkers' Departments of the Yorkshire College

consist of textile industries, dyeing and art. The buildings

occupied by these departments have been erected by the Cloth-

workers' Company at a cost of about 60,000/. ; they are spread

over an area of about one-and-a-half acres, and have been

specially arranged and equipped for the teaching of all the

subjects connected with the designing and manufacturing of

woven fabrics.

The Dyeing Department of the Yorkshire College was estab-

lished in 1880, and the head of the department is Prof. J. J.

Hummel. Although the accommodation at first providied was
extremely limited, it nevertheless sufficed to show that a demand
for instruction in dyeing really existed, and that a continuous

supply of students for this subject was available. In due time

Buildings of the Dyeing Department of Yorkshire College.

it was found desirable to increase the facilities for experimental

work, and in 1885 the Clothworkers' Company of London
erected and equipped, at an expense of about 12,000/., the front

portion of the handsome and commodious building at present

occupied.

It was felt some years ago that the work of the different

departments might be connected. It was considered desirable,

for example, that the coloured yarns employed in the weaving
department should be dyed by the students in the dyeing

department, so that, if at the same time these yarns could also

be manufactured on the premises by the establishment of a

spinning department, it would become possible to teach the

whole routine of clothworking, from the wool in the raw state

to the finished cloth. Acting upon this idea, the Clothworkers'

Company decided to make the necessary provision for carrying out

the scheme suggested, and to extend both the weaving and dyeing

departments, at a cost of about 25,000/. In connection with

the dyeing department, it was arranged to build a three-storied

building, to provide two additional dyehouses in which practical

dyeing could be carried on, and also a research laboratory for the

prosecution of scientific investigations connected with dyestuffs

and dyeing.

In July 1S96. the foundation stone of the new Clothworkers'

Research Laboratory and the other extensions was laid by the
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Master of the Clothworkers' Company, and the completed
buildings were opened on May 11.

At the present time, therefore, the dyeing department of the
Yorkshire College is represented by a building of considerable
dimensions, and so comprehensive in character and equipment
as practically to meet every requirement for the purpose of
giving a complete theoretical and practical instruction in the art

of dyeing in all its branches.

Some idea of the magnitude of the work done in the dyeing
department of Yorkshire College may be gained from the fact

that each session over 200,000 dyed patterns are distributed.
Each student, according to the time spent in the dyehouse,
receives during his course of instruction from 2000 to 20,000
patterns, each of which conveys a definite piece of information
on some point connected with the application of this or that
colouring matter. Not only is the behaviour in the dyebath of
each colouring matter investigated, but notes of the results
obtained are made by the students during the progress of the
work. Further, each student enters in his own book all the
patterns received, together with notes of the materials employed,
and the results of each experiment. Hence the students not
only learn how to experiment and discover the capabilities of
each colouring matter for themselves, but they also acquire the
useful habit of observing and of making notes, while their

pattern books contain a fund of information which is invaluable
to them in their after career. The systematic training which
they receive also prepares them to deal with the variable con-
ditions of work in actual practice, such as the character of the
water, the nature of the textile material employed and its

ultimate uses, and many other points which must always be
taken into account in dyeing.

In the practical and pattern dyehouses the students are
shown how they are expected to apply in practice the principles

they have learned in the course of their experimental work.
Moreover, the solution of difficulties which naturally arise under
the slightly altered conditions from those obtaining in the
experimental dyehouse, the greater confidence inspired by
dealing with the larger quantities of material, and the knowledge
that the products of their labour are really to be employed in

the manufacture of cloth, are all factors of inestimable value in

the training of the students before they enter into actual practice,

to which they are as it were brought indeed one step nearer by
the character of the work pursued. Altogether, the students
are able, in the College dyehouses, to gain at least some insight

as to the meaning and value of practical experience, and an
influence is exerted which reacts by giving life and vigour to the
work of the whole department.
The art of dyeing owes much to science, and in a University

College like the Yorkshire College, it is not unreasonable to
expect that students of the art should, in return, contribute
something to science, more particularly to that branch of it

which pertains to dyeing. If in the experimental and practical

dyehouses the students are taught the art of dyeing, in the
Clothworkers' Research Laboratory they are also urged to study
the science of dyeing. The aim here is to assist in the work of
gaining a fuller and truer knowledge of the fundamental laws
and principles connected with dyestufifs and dyeing, and so help
to raise, as far as possible, the whole tone and level of the
dyeing trade, by infusing into it the traits of an exact science.

The carrying on of original research by advanced students has
already become, indeed, a marked feature of the department,
and the Clothworkers' Company have, in a special way, recog-
nised the value of such work by establishing a lectureship, the
holder of which devotes his whole time to co-operating with the
professor in introducing students to this higher form of study.

This research work, too, has an intimate connection with
Prof. Hummel's lectures, in the course of which are described
the methods employed in preparing the coal-tar colours, in

isolating the pure colouring principles of dyewoods, and in

studying the chemistry of mordanting, dyeing, &c. By allowing
the students to carry out similar experiments themselves, the
College enables them to understand, in a clearer manner than
is otherwise possible, how our knowledge concerning dyestuffs

and dyeing has been acquired, and it is hoped that by reason of
the practical experience thus gained in the art of research, some
students may, in due time, become independent investigators.

The Clothworkers' Research Laboratory is an addition which
gives completeness to the means of instruction in dyeing already
lurnished. The advanced students are thereby provided with

the facilities for extending the boundaries of science connected

with dyeing, and it is hoped that many young men will take
advantage of the opportunity thus given. If in the pursuit of
this object the authorities at Yorkshire College can succeed in

attracting and training a band of earnest workers ; if a well-

recognised and successful School of Research in Dyeing is

established, side by side with the School of Practical Dyeing,
it cannot but be of inestimable value from an educational as well

as from a practical point of view, for, if the students, before

they leave the College, are taught to contribute to the general

sum of knowledge it it surely education in the truest and best

sense of the term.

MR. NIKOLA TESLA'S RECENT ELECTRICAL
EXPERIMENTS.

A REMARKABLE paper, by Mr. Nikola Tesla, appears in^ the June number of the Century Magazine. The subject

is "The Problem of Increasing Human Energy, with Special

Reference to the Harnessing of the Sun's Energy" ; and though
metaphysical and sociological questions receive a large share of

attention, the article contains an account of some very interest-

ing electrical experiments, now described for the first time,

illustrated by several very striking photographs, two of which
are here reproduced. Mr. Tesla has been engaged for several

years in further investigating the properties of alternate currents

of high potential and frequency, with which he astonished

audiences at the Royal Institution in 1892 (see Nature,
vol. xlv. p. 345). The following abstract of a part of his paper

shows that his work has led to results of scientific interest and
significance.

Electrical discharges capable of making atmospheric nitrogen

combine with oxygen have recently been produced. Experi-

ments made since 1891 showed that the chemical activity

Fig. I.—Combustion of atmospheric nilrogen by the discharge ot an
electrical oscillator giving twelve million volts and alternating 100,000

times per second. The flame-like discharge shown in the photograph
measured 65 feet across.

of the electrical discharge was very considerably increased

by using currents of extremely high frequency or rate of

vibration. This was an important improvement, but prac-

tical considerations soon set a definite limit to the progress in

this direction. Next, the effects of the electrical pressure of

the current impulses, of their wave-form and other characteristic

features, were investigated. Then the influence of the atmo-

spheric pressure and temperature and of the presence of water

and other bodies was studied, and thus the best conditions for

causing the most intense chemical action of the discharge and
securing the highest efficiency of the process were gradually

ascertained. The flame grew larger and larger, and its oxidising

action more and more intense. From an insignificant brush-

discharge a few inches long it developed into a marvellous elec-

trical phenomenon, a roaring blaze, devouring the nitrogen of

the atmosphere and measuring sixty or seventy feet across

(Fig. i). The flame-like discharge visible is produced by the
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intense electrical oscillations which pass throuc;h the coil shown,
and violently agitate the electrified molecules of the air. By
this means a strong affinity is created between the two normally
indifferent constituents of the atmosphere, and they combine

\ readily, even if no further provision is made for intensifying

I
the chemical action of the discharge.

* Under certain conditions the atmosphere, which is normally

a high insulator, assumes conducting properties, and so becomes
capable of conveying any amount of electrical energy. The
discovery of the conducting properties of the air, though unex-

pected, was only a natural result of experiments in a special

field carried on for some years previously. It was during

1889 that certain possibilities, offered by extremely rapid

electrical oscillations, led to the design of a number of special

machines adapted for their investigation. One of ihe earliest

observations made with these new machines was that electrical

oscillations of an extremely high rate act in an extraordinary

manner upon the human organism. Thus, for instance, power-
ful electrical discharges of several hundred thousand volts,

u hich at that time were considered absolutely deadly, could be

ssed through the body without inconvenience or hurtful con-

L-quences. Another observation was that by means of such
oscillations light could be produced in a novel and more eco-

nomical manner, which promised to lead to an ideal system
of electric illumination by vacuum-tubes, dispensing with the

necessity of renewal of lamps or incandescent filaments, and
possibly also with the use of wire-; in the interior of buildings.

• 2.—The coil, partly shown in the photograph, creates an alternating
current of electricity at the rate of 100,000 alternations per second.
The discharge escapes with a deafening noise, striking an unconnected
coil 22 feet away, and creating such an electrical disturbance that sparks
an inch long can be drawn from a water-main at a distance of 300 feet
from the laboratory.

rhe investigations led to other valuable observations and re-

ills, one of the more important of which was the demonstration
<f the practicability of supplying electrical energy through one
uire without return. To what a degree the appliances have
been perfected since the demonstrations in 1892, when the ap-
paratus was barely capable of lighting one lamp, will appear

\

from the fact that as many as four or five hundred lamps have
!

sn lighted in this manner. I

le success of this method of transmission suggested that the
could be used as a conductor, thus dispensing with wires.

\

earth was regarded as an immense reservoir of electricity,

ch could be disturbed effectively by a properly designed
'rical machine. Accordingly efforts were directed toward
:ting a special apparatus which would be highly effective in

ting a disturbance of electricity in the earth, and a novel
of transformer or induction-coil, particularly suited for this

ial purpose, was designed. By means of this apparatus, it

icticable, not only to transmit minute amounts of electrical

for operating delicate electrical devices, but also electrical

;y in appreciable quantities.

lowever extraordinary the results exemplified by Fig. 2 may
_ they are but trifling compared with those which are
"tainable by apparatus designed on these same principles.
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Electrical discharges have been produced, the actual path of
which, from end to end, was probably more than one hundred
feet long ; but it would not be difficult to reach lengths one
hundred times as great. Electrical movements occurring at the
rate of approximately one hundred thousand horse- power have
been obtained, but rates of one, five, or ten million horse-power
are easily practicable.

The most valuable oliservation made in the course of these
investigations was the extraordinary behaviour of the atmosphere
toward electric impulses of excessive electromotive force. The
experiments showed that the air at the ordinary pressure became
distinctly conducting, and this opened up the wonderful prospect
of transmitting large amounts of electrical energy for industrial

purposes to great distances without wires, a possibility which,
up to that time, was thought of only as a scientific dream.
Further investigation revealed the important fact that the con-
ductivity imparted to the air by these electrical impulses of many
millions of volts increased very rapidly with the degree of rare-

faction, so that air strata at very moderate altitudes, which are
easily accessible, offer, to all experimental evidence, a perfect
conducting path, better than a copper wire, for currents of this

character.

The experiments have indicated that, with two terminals
maintained at an elevation of not more than thirty thousand to
thirty-five thousand feet above sea-level, and with an electrical

pressure of fifteen to twenty million volts, the energy of thou-
sands of horse-power can be transmitted over distances which
may be hundreds and, if necessary, thousands of miles. Investi-

gations are now being carried on with the object of reducing
considerably the height of the terminals now required.

SOME SCIENTIFIC ASPECTS OF TRADE.
A REPORT on the trade and commerce of Leghorn, for the

-^"^ year 1899, by Mr. Vice-Consul Carmichael, has just been
received at the Foreign Office and published as No. 2714 of the
Annual Series. The following extracts from the report are of
interest as showing the various points at which scientific work
and knowledge touch industry.

The proportion of sulphate of copper imported from Great
Britain in 1898 was 96 per cent.; it had in 1899 fallen to 76 per
cent. The explanation of this unwelcome fact appears to be
due to keen United States competition. Italian manufacture is

likely to become an even more formidable danger in the near
future. Manufacturers appear as a rule to have gone to England
for the greater part of the raw material, and that of itself was a
handicap. Now, however, the flourishing and influential

Societa Metallurgica of Leghorn is busily erecting the neces-

sary plant for the manufacture of sulphate of copper on a large

scale. Italy produces some 26,000 tons of copper annually,

and it is said that the company can depend upon securing its

material at home. Should this be the case it will at once be
seen how formidable a competitor is entering the field. In any
case the more satisfactory days of the English trade in sulphate
seem to be over.

As this series of reports is yearly obtaining a larger circulation

it may perhaps be necessary to state that the wood from which
briar pipes are made is not the root of the briar rose, but the

root of the large heath known in botany as the Erica arborea.

Our "briar" is but a corruption of the French " bruyere."

The briar-root industry has had a somewhat curious history.

First begun in the Pyrenees some 50 years ago,, it travelled along
the French Riviera and the Ligurian coast (taking Corsica by
the way) to the Tuscan Maremma, and has now reached Calabria
in the south, which is at present its most flourishing centre. By
the very nature of the business, when a certain district has been
exhausted of all its roots, the industry must come to an end
there, and I have heard the opinion expressed that the Italian

branch of it cannot last much more than another ten years.

Leghorn has always been the centre of the export of Tuscan
briar- root since the Maremma industry came into existence,

but as the South Italian briar is of admittedly superior quality,

a large quantity of the Calabrian root is also imported into

Leghorn for selection and subsequent export.

The olive oil crop throughout Tuscany, small as it promised
to be, has, I regret to say, been more than -half destroyed by
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the ravages of the oHve fly. Hence the quantity of olive oil

obtained this season in Tuscany has been insignificant, while the

quality of most of it is distinctly inferior. A full crop of olive

oil may be reckoned at a money value of some 10,000,000/.

The olive maggot—which subsequently develops into the

olive fly—destroys the pulp of the fruit, and so potent are the

ravages of this pest that it is capable of diminishing the yield of

oil by one-half, and seriously injuring the quality of the remainder.

It will therefore be seen that the fly may actually cause damage
in one year amounting to 5,000,000/. Notwithstanding the

urgency of the matter, no means of destroying the insect appear

so far to have been discovered, nor has the State suggested any
practical remedy. The subject is recommended to the notice

of English men of science, as any discovery which should ex-

terminate the plague ought certainly to be profitable. What
seems to be wanted is that entomologists of experience should

carefully study the habits of the fly with a view to finding out

the hitherto undiscovered winter habitat. Then alone could

proper steps be taken for its destruction. It has been hazarded

with some likelihood that the winter habitat of the fly must be in

the bark of the olive trees. If that were the case, all that would
be needed would be to paint the trees during the winter with a

simple solution of lime, which, though it might spoil the beauty

of the Italian landscape, would rid the country of a very formid-

able enemy to its agricultural prosperity.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Cambridge.—Two University lectureships in experimental

physics are now vacant. The appointment is for five years,

and the stipend 50/. a year. Applications should reach the

Vice-Chancellor by June 2.

The researches of Mr. L. N. G. Filon, advanced student, of

King's College, in relation to certain problems in applied

-mechanics, have been approved as a qualification for the B.A.
degree.

Sixty-three men and nineteen women have acquitted them-

selves so as to deserve honours in the Mathematical Tripos,

Part I.

Honorary degrees will, on June 12, be conferred on the Earl

of Rosse, F.R.S., Sir Benjamin Baker, F.R.S., Sir W. L.

Buller, F.R.S., Prof. S. P. Langley, Prof. W. M. Flinders

Petrie and Prof. H. Poincare.

The graces for the establishment of a new special examination

in agricultural science for the B.A. degree was opposed on
May 24, but it was carried by a large majority. The first

examination will take place at the end of the year.

One of the chief difficulties which has to be overcome by
Technical Education Committees is the defective character of

elementary education, respecting which lament is very general.

Several instances of this difficulty are given in the current number
of the Record of Technical and Secondary Education. The
Durham committee have been compelled for some years to give

financial assistance to preparatory classes now formed in all but

twenty-one districts of the county. The committee have by
such means paved the way for their new regulation of 1899 that

there must be " the production of evidence of preparatory

training on the part of all new applicants on whom attendance

grants would be claimed." This action already appears to be

having a satisfactory effect. The Cambridgeshire, Nottingham-
shire and Staffordshire committees also deal at some length with

the question ofdefective elementary education. The Cambridge-
shire committee go so far as to say :

—"The very backward state

of elementary education has made it extremely difficult, if not

impossible, to establish a system of technical education in the

proper sense of the term." The Staffordshire committee speak
of it in its relation to "the early age at which pupils leave the

elementary schools," and this has thrown upon theni "much
elementary and preparatory work which otherwise would have
been unnecessary." The importance of promoting the efficiency

of the work of evening continuation schools cannot be too

strongly urged, as they largely constitute the foundation of the

work of Technical Education Committees and thus lead on to

higher and specialised instruction.
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SOCIETIES AND ACADEMIES.
London.

Physical Society, May 25.—Prof. J. D. Everett, F.R.S.,
Vice President, in the chair.—Prof. S. P. Thompson showed
some experiments illustrating the aberration called Coma.
If a converging lens is placed obliquely in a parallel beam of
light, instead of giving a point image, it produces unilateral
distortion, and the bright central spot is accompanied by a pear-
shaped tail, which is known as a coma. The direction in which
this tail points depends upon the side of the lens which is pre-
sented to the light. With a concavo-convex lens the convex
surface gives an inward pointing coma, and the concave surface
an outward pointing coma. The existence of this phenomenon
is due to unequal magnification from diff"erent zones of the lens,

a fact which was shown by covering the lens with a zone-plate
of three or four rings and viewing on a screen the distorted
images of the several zones. The form of a coma varies greatly
with the distance of the screen from the lens. A parallel beam
of light which has passed obliquely through a convex lens is

capable of producing some curious shadows. The shadow of a
rod can be obtained as a circular spot, and that of a grating,
made by stretching threads between two rods, as concentric
circular rings. Prof. Thompson also showed a stringed model
illustrating the paths of light-rays in the formation of a coma.
—Mr. R. T. Glazebrook then read some notes on the measure-
ment of some standard resistances. Three methods have been
employed by the author for building up multiples of a standard
resistance, such as a one-ohm coil. The first method consists in

making as accurately as possible three three-ohm coils. These
in parallel can be compared directly with the standard by
Carey Foster's method. Their resistance in series is very
approximately nine times that in parallel, and hence an accurate
determination of a resistance about nine ohms can be ob-
tained. If, then, this resistance is put in series with- the
standard, an accurately-known ten-ohm resistance is ob-
tained. By a similar process, a hundred- or a thousand-
ohm coil can be built up. The second method consists in

calibrating a resistance-box. The one-ohm coils of the box
are compared directly with the standard, and the other
resistances determined accurately by a building-up process,

using a subsidiary resistance-box. In comparing the high
resistances, the diff'erence between the two boxes may be so
great as to send the balance off the bridge wire. In these
cases the third method is employed. The equal arms of the
bridge are accurately known, and one of them is shunted with a
resistance, which need not be accurately known, until the read-

ing is brought back on to the wire. The coils chiefly used
throughout the experiments are made of platinum-silver.

—Mr. J. J. Guest read a paper on the strength of ductile

materials under combined stresses. The author through-
out his experiments has used the "yield point" of a material

as the true criterion of its strength, and has rejected the elastic

limit as being modified by local yielding. At present, two
theories are used in the calculation of strengths of materials.

The first is that the material yields when one of the principal

stresses reaches a certain amount. This theory, which was
adopted by Rankine and is used by engineers in England and
America, is not in accord with recent experiments. The second
theory is that the material yields when the greatest strain reaches
a certain amount. This was advocated by St. Venant, and is

used by engineers on the Continent. Besides these there is a
third theory of elastic strength, in which the condition of yield-

ing is the existence of a shearing stress of a specific amount. In the

case of a solid bar subjected to torsion, there is a variation in the

strain from the axis outwards, and consequently the materials have
been used in the form of thin tubes. This allows the application of

an internal fluid pressure. The specimens were of steel,

copper and brass, the state of set caused by drawing having
been removed by annealing. The tubes were subjected to (1)

torque, (2) torque and tension, (3) tension only, (4) tension

and internal pressure, (5) torsion and internal pressure, and

(6) internal pressure only. The axial elongation, the twist,

and occasionally the circumferential strain were measured.

Towards the end of the experiments observations were made
on bending. The results disprove the maximum stress

theory, and are at variance with the maximum strain theory.

The maximum shearing stress developed, and the correspond-

ing shearing strain were comparatively constant through-

out the experiments, and no other simple relation between the

stresses or strains was even approximately constant. The results
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of the experiments have been plotted synoptically on a curve,

and the several lines have been drawn upon which these points

should lie, according to the various theories. It is readily seen

that the points cluster round the line which represents the

existence of a specific shearing stress. The author, therefore,

favours the existence of this stress for any material. The chair-

man read a communication upon the subject from Dr. Chree.

Mr. Guest, in his paper, has regarded the shearing stress theory

as a little known one. As the shearing stress is half the differ-

ence between the greatest and least principal stresses, this theory

is the same as Prof. G. H. Darwin's maximum stress-difference

theory. All the theories suppose that the stress-strain law is

linear, and that strains are so small that their squares and pro-

ducts can be neglected. Mr. Guest concludes that in ordinary

materials the law is linear to the elastic limit, which answers to

a stress lower than that which answers to the yield point, and
that yield point phenomena arise between these. Nevertheless,

he focusses attention on the yield point as the criterion of strength,

and assumes that Hooke's law holds up to it.

Entomological Society, May 2.—Mr. W. L. Distant,

Vice-President, in the chair. —Mr. W. L. Distant exhibited the

cocoon, measuring nearly three and a half inches each way, of

a Coprid beetle—probably belonging to the genus Heliocopris—
found at Pretoria in the Transvaal.—The Rev. Theodore Wood
«;xhibited a specimen of Carabus auratus, L. , taken in either June
or September 1898 by Mr. Ferrand, of Littlefield House,
Exmouth, on the Haldon Hills in the neighbourhood of that

town.— Mr. McLachlan exhibited an example of Rhinocyphea
fulgidipennis, Guerin, a brilliant little dragon-fly of the sub-

family Calopteryginae, a native of Cochin China, which, so far

as he knew, had not been captured since prior to 1830. It had
been in M. Guerin's hands, and Mr. McLachlan had received

it from M. Rene Oberthtir.—Mr. T. A. Chapman exhibited

various specimens illustrating Acaiithopsyche opacella.—Mr.
Barrett exhibited specimens of Heterocera destructive to the

fruit crops of South Africa. Among them Sphingomorpha
iitoiiteironis, Butl., known as the Fruit Moth in Cape Colony

—

a bold and powerful insect, with a sucking tongue strong enough
to pierce the sound skin of a peach or fig. The presence of a

light does not appear to disturb it, so that examination of its

methods can be readily made, when it can be seen that it does
not lake advantage of the natural opening into a fig, or of a
crack or other injury to a peach, but deliberately pierces a hole
which afterwards shows as a small round spot, from which
decay invariably results. It seems a matter of indifference to

the moth whether the fruit has fallen, or is on the tree, ripe or

unripe. With regard to Achaea lienardi and Serrodes inara,

the two species are restless and timid, and therefore more
difficult to observe. In the present season, however, both have
been extremely abundant, and have been seen at apparently
uninjured fruit, so that it seems they are capable of equal
destruction. Several others, feeding mainly on damaged fruit,

were also taken with the aforesaid species, among them some
new to science, and recently described by Sir George Hampson.
Mr. Jacoby exhibited Callomorpha wahlbergi from Africa, and
Spilopyra sumptuosa irom Australia.—A paper was communi-
,cated on "New Paltearctic Pyralidii?," by Sir George F.
jHampson, Bart.

Anthropological Institute, May 15.—Mr. C. H. Read,
President, in the chair.—The president alluded to the severe
)ss which the Institute and anthropology in general had sus-

lined in the loss of its former president, the late General Pitt-

Livers.— Mr. F. Haverfield contributed a note on certain stone
»bjects discovered on a Roman site at Clanville, in Hants, and
. discussion ensued from which it appeared improbable that they
irere of human workmanship.—Mr. J. Allen Brown described a
>llection of stone implements brought from Pitcairn Island

y Lieut. Pike, R.N. The implements are of two types, both
jrmed of the volcanic rocks of the island. The first series con-
^ts of stone axes of analogous forms to those of other islands of
"le Pacific. The other is peculiar, being large, and with in-

»rved sides and broad cutting edge, more or less ground as
rell as chipped. A third form is that of a cylindrical chisel,

"he author mentioned also the discovery of rock carvings of sun,
loon, birds, &c., tombs with pottery and human skulls, and of
irved stone figures like those of Easter Island. The fact that
le implements were found below the surface of the ground, and
liat from the time of its discovery by Carteret until its occupa-
'on by the mutineers of the Bounty, makes it probable that the
smains in question are of considerable age.—Mr. H. Stopes
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exhibited a number of unclassified stone objects which he had
collected from the river gravels of the Thames valley, and dis-

cussed the purposes for which he believed them to have been

shaped. He also produced specimens of Neritina flaviatilis

found in the same gravels, which he regarded as an indication of

their age.

Zoological Society, May 22,—Dr.jAlbert Gunther, F.R.S.,

Vice President, in the chair.—A communication was read from

Prof. G. B. Howes, F.R.S., and Mr. H. H. Swinnerton, on
the development of the skeleton of the Tuatera, Sphencdon
{Hatleria) piinctattis, which was stated to be the outcome of

eighteen months' work on materials supplied to the authors by
Prof. Dendy, of Christchurch, N.Z An account was given of

the egg, the hatching, and the habits of the hatched young,

which the authors reared till four months old.—The Mala-

costracan Crustacea collected by Mr. Rupert Vallentin at the

Falkland Islands, from December 1898 to February 1899,

formed the subject of a paper by the Rev. T. R. R. Stebbing,

F.R.S. Many of the species had long been known, as several

scientific expeditions had been made to these islands during this

century. This carefully made collection, however, had afforded

a much needed opportunity for discussing and clearihg up
obscure points in some of the earlier descriptions of the

Crustacean fauna.—Mr. L. A. Borradaile read the fourth instal-

ment of his memoir on Crustaceans from the South Pacific.

This part contained an account of the crabs, of which 77
species were enumerated. Seven new species were described,

and a scheme of classification of the swimming crabs

(Poriunidae) was put forward.—A communication was read

from Dr. R. Bowdler Sharpe. which contained an enumeration of

the birds— 56 species in all—collected during the Mackinder
Expedition to Mount Kenya, accompanied by field-notes of the

collectors.—Mr. F. E. Beddard, F.R.S., read a paper, entitled
" A Revision of the Earthworm Genus AinyntasJ' According
to the author, this genus comprised 102 species, which were
enumerated and commented upon.— Mr. Beddard also read a

paper on the structure of a new species of earthworm, which he
proposed to name Benhamia bttdgetti, after its discoverer, Mr.

J. S. Budgett, who had obtained two specimens of it at

McCarthy's Island during his recent visit to the Gambia.

Paris.
Academy of Sciences, May 21.—M. Maurice Levy in the

chair.—Researches on the formation of nitric acid during com-
bustions, by M. Berthelot. The compressed oxygen used in

combustions in the calorimetric bomb always contains a small

quantity of nitrogen, up to 8 per cent. A portion of this is

oxidised during the combustion, and the amount of nitric acid so

formed has been regularly measured in order to correct the

calorimetric data. The author now attempts to trace the

relation between the nature of the organic substance under com-
bustion and the quantity of nitric acid formed, details being

given in the present paper of experiments on amorphous carbon,

graphite and diamond.—Limits of combustibility by red-hot

copper oxide of hydrogen and methane diluted with large

volumes of air, by M. Armand Gautier. When combustible

gases, such as hydrogen or marsh gas, are mixed with large

quantities of air and are passed over columns of red-hot

copper oxide, the difficulty of completely burning the gas

increases with the dilution. Thus with a dilution of 20 parts

in 100,000, hydrogen is not completely burnt on passing over

a column of 35 centimetres of red-hot copper oxide, but com-
bustion is complete when this length is doubled. Methane is

more difficult to burn ; thus at a dilution of 7 in 100,000 nearly

half the carbon escaped unburnt after passing over a column of

oxide 70 cm. long.—Publications of the Observatory of Besan9on
from 1886 to 1896, .by M. Lawy.—Action of hydrogen bromide
upon dextro-rotatory benzylidene camphor, by MM. A. Haller

and J. Minguin. Benzylidene camphor combines with hydro-

bromic acid to form mono-bromo-benzyl-camphor. If the

combination is carried out at 100°, two other products are ob-

tained, benzylidene-campholic acid,

(COOH).C8Hi4.CH:CH.C6H5,
and phenyloxy-homocampholic acid,

(COOH).C8Hi4.CH.^.CH(OH)CaH3,

derivatives of which are described.—On fossil forests and the

vegetative soils of the coal-measures, by M. Grand'Eury.
Further arguments in favour of the author's view that the

vegetable fossils have really grown in the places where they

now occur, and have not been deposited there by water.

—
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Report on works presented by M. Marx.—Remarks on an
eruption of the volcano Mayon in the Isle of Lucon, by the

French Consul for the Philippines.—On the convergence of the

coefficients in the development of the perturbation lunction, by

M. A. Ferand.— Remarks on a memoir of M. Masfau on the

graphical integration of some partial differential equation^, by

M. J. Coulon.—On a remarkable point in relation wi h the

Joule-Thomson effect, by M. Daniel Berthelot. The point

at which the inversion of the Jcnile-Thomson effect occurs is

deduced by a graphical construction from the data of Aiuagat,

and the result compared with some recent calculations of M.
Van der Waals.— On the distrlDution of currents and poten-

tials in the periodic state set up in the length of a sym-
metrical polyphase line presenting capacity, by M. Ch. Eug.
Guye.—On resonance in wireless telegraphy, by M. A. Blondel.

—Communication by wireless telegraphy with the aid of radio-

conductors with polarised electrodes, by M. C. Tissot.—On
anhydrous calcium diox'de and the constitution of its hydrates,

by M. de Forcand. A thermochemical paper.— On some pro-

perties of aluminium, and on the preparation of gaseous hydrogen
phosphide, by M. Camille Matignon. Details are given show-
ing how to burn aluminium in steam, carbon monoxide and
dioxide, oxides of nitrogen, formic acid, sulphur dioxide and
other gases and vapours. The preparation of crystallised

aluminium phosphide is described, from which pure PH3 can be
readily obtained.—Combinations of lithium bromide with am-
monia, by M. J. Bonnefoi.—The compounds LiBr.NHg,
LiBr.2NH3, LiBr.3NH3, LiBr.4NH3 are indicated by a

study of the dissociation pressures. The application of the

Clapyron formula to these data gi\es values for the

heats of dissociation of these compounds in good
agreement with the direct thermochemical measurements.—On
two polysulphides of lead and copper, by M. F. Bodroux. The
compounds PhSg and Cu,2S5 are described.—On a mercury
chlorosulphide, by M. F. Bjdroux. A chiorosulphide,

HgaS,;^. HgCl2) can be prepared, which is stable at ordinary

temperatures.—Action of water upon mercurous sulphate, by
M. Gouy.—Partial synthesis of Isevo-rotatory erythritol, by
M. L. Maquehne. Wohl's method is applied to xylose, the

steps being xylosoxime, acetylxylonic nitrile, erythose-aceta-

mide, and eiythrite.— Preparation of the dialkylamido-dichloran-

thraquinones, by M. E. C. Severin.—On a monoiodohydrin of

glycol, by MM. E. Charon and Paix-Seailles.—On 7-chloro-

crotonic acid, by M. R. Lespieau. A description of the pro-

perties of CH2Cl.CH:CH.C02lI, its nitrile and ethyl ester.—
On the composition of the albumen of the St. Ignatius bean and
of the«?<x vomica bean, by MM. Em.Bourquelotand J. Laurent.

The albumen from these beans yields the same carbohydrates, a
mixture of a mannane and a galactane, as the albumen of legu-

minous beans previously studied. In nux vomica the proportion

of galatose found on hydrolysis is very high. These beans, in

fact, serve as an advantageous source of crystallised galatose.

—Experimental researches upon the evolution of the lamprey,

by M. E. Bataillon.—^Remarks upon certain points in the life-

history of the lower organisms, by M. J. Kunstler.— On some
new Synclavellse in the compound Ascidians, by M. Maurice
Caullery.—Analysis of marine dej^osits collected off Brest, by
M. J. Thoulet.—The mineral matters in the human foetus

during the last five months of pregnancy, by M. L. Hugonenq.
— Identity of a bacillus from milk with the pneumobacillus of

Friedlsender, by MM. L. Grimbert and G. Legros. The com-
plete identity ol these bacilli was shown by a comparative study

of their general biology and morphology, and of their action

UDon carbohydrates.

DIARY OF SOCIETIES.
THURSDA \\ May 31

Royal Society, at 4.30.; -Palaeolithic Man in Africa : Sir John Ev
F.R.S.—On the Estimatioaof the Luminosity of Coloured Surfaces used
for Colour Discs: Sir W. de W. Abney, K.R.S.—The Sensitiveness of

Silver and of some other Metals to Light : Major-General Waterhouse —
The CrystaUine Structure of Metals (Second Paper) : Prof. Ewing,
F. R.S., and W. Rosenhain.—Vapour-density of Bromine at High
Temperatures (Supplementary Note) : Dr. E. P. Perman and G. A. S.

Atkinson.
FRIDAY, June i.

Royal Institution, at 9.— Bunsen : Sir Henry Roscoe, F.R.S.
GEOLOGlSTs'AssociATiON.atS.—Our Older Sea Margins: Sir Archibald

Geikie, F.R.S.
TUESDAY, June 5.

Anthropological Institute, at 8.30.—The Metric Systemof Identitica

tion used in Great Britain : Dr. J. G. Garson.
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WEDNESDAY, June 6.

Geological Society, at 8.— Mechanically-formed Limestones from
Junagadh and < ther Localities : Dr. J. W. Evans.—Note on the Con-
solidaied /Eolian Sands of Kathiawad : Frederick Chapman.— Ur>
Ceylon Rocks and Graphite : A. K. Coomara Swamy.

Society op Public Analysts, at 8.—The Determination of Oxygen in

Copper by Ignition in Hydrogen: Leonard Archbutt.—Uniformity ir»

the Conduct of Soil Analysis: A. D. Hall.—The .Adulteration of
Wheaten Flour wiih Maize : G. Embrey.—A Ntw Colour Reaction for

distinguishing between certain Isomeric AUyl and Propfnyl Phenols :

Alfred C. Chapman.
Emtomologicai. Societ y ,at 8.

THURSDAY, June f-

LiNNEAN Society, at 8.—On a Viviparous Syllid Worm :^E. 5. Goodrich.
—On the Genera Phaeoneuron, Gilg., and Dicellandra, Hook f. : Dr.
A. Itapf—On the Structure and Affinities of Echinriis ittiicinctus :

Miss Embleton.
Chemical Society, at 8.—Diphenyl- and Dialphyl-ethylenediamines,

their Nitro-derivalives, Nitrates, and Mercurochlorides : W. S. Mills.

—Condensation of Ethyl Acetyletiedicarboxylate with Bases and p-

ketonic Esters : JDr. S. Ruhemann and H. E. Stapleton.—The Constitu-

tion of Pilocarpine : Dr. H. A. D Jowett.—The Nitrogen Chlorides
derivable from w-Chloroacetanilide and their Transformations: Dr.
F. D. Chattaway, Dr. K. J. P. Orton, and VV. H. Hurtley.—Derivatives
of Cyanocamphor and Homocamphronic Acid : Dr. A. Lapworth.

RJNTGEN Society (St. Bartholomew's Hospital), at 8.—Dr. Lewis Jone>
will show an Influence Machine if American design.—Mr. James Wims-
hurst, F.R.S., will give a short statement of his work in the design and
the perfecting of the several forms of his Influ-nce Machine.—Dr. R6niy,
of Paris, will show a new Localising Apparatus.

FRIDAY, June 8.

Royal Institution, at g.—The Effect of Physical Agents on Bacteri

Life : Dr. Allan Macfadyen.
Physical Sociktv, at 5.—On the Magnetic Properties of Iron and
Aluminium Alloys, Part II.: Dr. S. W. Richardson.—Note on
Crystallisation produced in Solid Meial by Pressure : W. Campbell.

—

On the Viscosity of Mixtures of Liquids and of Solutions : Dr. C. H.
Le;<=.

Royal Astronomical Society, at 8.
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MODERN PHYSICAL CHEMISTRY.
The Theory of Electrolytic Dissociation. By H. C.

Jones. Pp. xii + 289. (New York : The Macmillan
Company. London : Macmillan and Co., Ltd., 1900.)

T^HE theory of electrolytic dissociation is only some
^ fifteen years old, but in that short time its growth
has been very great, and its suggestiveness most marked.
We gladly welcome a volume on the subject by one who
has himself done much to promote its advance, and to

render more secure some of the positions it has taken.
The author's preface explains his object ; he has been

asked from time to time where an account of the newer
developments of physical chemistry is to be found.
Original memoirs are not always accessible to a student,

and in many cases explanation is wanted, and further

development of an argument or line of thought may prove
helpful

; and so Mr. Jones has given us a book based in

the main directly on the work of van 't Hoff, Ostwald,
Arrhenius and the others who have made the theory, but
in which the numerous developments of Arrhenius'
original idea are skilfully brought together, and the bear-
ing of the theory on phenomena, apparently widely diverse,

is clearly shown. The plan of the book is in the main a
good one. The first chapter is devoted to the earlier

physical chemistry with the object of showing its relation

to that which was to follow ; accounts are given of
Kopp's work on the boiling points of liquids and on mole-
cular volumes, of the researches of Lorentz, Gladstone
and Dale, Le Bel and van 't HofF and Perkin on optical

properties. The investigations of Favre and Silbermann,
Berthelot and Julius Thomsen into thermal chemistry,
the electrolytic work of Faraday and Clausius, Hittorf
and Kohlrausch, are described ; and an interesting and
important discussion of the development of chemical
dynamics and chemical statics concludes the chapter.

In the explanation of Guldberg and Waages' Law of
Mass Action, there is a vague and somewhat unsatis-

factory use of the wox^ forcej we are told that

"if we represent the active masses of two substances by
m and //, and the coefficient depending on the nature of
the substance, &c., by c, the force of the chemical reaction
is expressed by mncP

" Force " has no meaning used in this connection, the
mass of compounds, or the number of molecules of com-
pounds produced, can clearly be put equal to nine, and
the condition of equilibrium will be reached when this

mass is equal to the mass of matter combining to form
the original substance. There is an obvious misprint on
page 62 ; k'lk is clearly written for c'jc of page 61.

In Chapter ii. we are introduced to the main subject of
the book. An account is given of van 't Hoffs original

paper "The Role of Osmotic Pressure in the Analogy
between Solutions and Gases " {Zeitschrift fiir physikal-
ische Chemie, i. p. 481), and the grounds for believing
that in certain solutions the osmotic pressure conforms
exactly to the three gaseous laws of Boyle, Gay Lussac
and Avogadro are stated. Attention is here drawn to the
large class of compounds, all the acids, all the bases, and
all the salts, which form exceptions to the above state-

ment. For these the law is no longer PV = RT, but
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PV = ?RT, where / is a coefficient always greater thai>

unity, to which a meaning is given when we consider
the work of Arrhenius.

According to this the molecules in an electrolyte, or
some of them, are dissociated into ions. The electro-

lytic effects depend on the dissociated or active mole-
cules ; let these be « in number, and suppose each is-

divided into k parts ; suppose also that there are tn mole-
cules remaining inactive or undissociated, then the total

number of molecules is ;« + //, the number of inactive

molecules and ions is m + kn, and the value of van 't

Hoff's coefficient / is shown to be (w -I- kn)l{in + n).

Arrhenius' theory of electrolysis is an extension of that

of Clausius. Clausius had shown that in an electrolyte

it was necessary to suppose some molecules of the dis-

solved salt were broken up into ions ; Arrhenius explained
how to determine from observations on osmotic pressure
the number of such molecules in a given solution.

From this we are led on to two interesting chapters

—

" Evidence for the Theory " and " Applications of the
Theory"; the evidence which the author has accumu-
lated is most valuable, while the fertility and resource-

fulness of the theory are strikingly shown. The book
will be very useful ; at the same time, in one respect, it is

open to criticism of some importance. A student not
unnaturally asks, What is osmotic pressure due to ? Why^
under certain circumstances, does liquid run into a closed

vessel apparently against the pressure ? What is the
mechanism by which such a process is managed ? It

may be answered. We do not know ! The author may
fairly wish to use language independent of any molecular
theory, and not bind himself down in any way ; it is

enough for many purposes, it may be said, to know that

there is a definite pressure in such a solution without

inquiring how that pressure is caused. At the same time
it is impossible to avoid alluding to molecular impacts
and the like ; there is no evidence that Mr. Jones does-

wish to avoid it, and in places, e.g. p. 95 and elsewhere,,

he refers to the modern kinetic theory of gases, and we
think—this is the criticism—that it would have made the

book clearer if he had based his explanation throughout
on the extension of that theory to liquids. When an
ordinary experiment for measuring osmotic pressure is

started with a solution inside a vessel closed with a semi-

permeable membrane, the number of water molecules
which strike a unit of area of the interior surface in any
given time is less than the number striking the same
area on the outside ; thus more molecules of water
enter the space than leave it ; the molecules of the

salt cannot pass the membrane, hence the pressure

inside increases. The tendency is both for the water
and the dissolved substance to distribute themselves

uniformly ; the pressure inside is due to the impacts
(i) of the water, (2) of the dissolved substance that

outside arises from the impacts of the water only

;

ultimately the pressures due to the water balance, and
the excess of pressure inside measures the effect due to

the impacts of the dissolved substance.

The whole is merely an example of the first proposition

of Mr. Jones' third chapter. The physical properties of

completely dissociated substances should be additive.

This is all implied in the book ; it might with advan-
tage be stated more precisely.

G
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Another matter with regard to which a greater

definiteness seems desirable, even at the expense of some

generality, is the theory of the action of the voltaic cell.

Nernst's theory of the electrolytic " solution-tension
"

of a solid—solution-pressure is a preferable term—is

stated in his own words, but they are vague :

" We must ascribe," it is said, after a reference to

osmotic pressure, " to a dissolving substance in contact

with a solvent, similarly, a power of expansion, for here

also the molecules are driven into a space in which they

exist under a certain pressure. It is evident that every

substance will pass into solution until the osmotic partial

pressure of the molecules in the solution is equal to the

'solution-tension' of the substance" (pp. 231-232).

We may put the whole theory slightly differently,

thus :—
In the case when a substance is being dissolved in

such a way that molecules pass from the solid into the

liquid, the pressure rises in consequence of the impacts

of these molecules on the walls of the containing vessel

;

now when molecules also pass from the liquid into the

solid, the " evident " fact is that the steady state is reached

when the numbers entering and leaving the liquid are

the same. In such a case the osmotic pressure measures

the solution-pressure, and no electrical action is involved.

But now let us suppose that a metal is passing, not in

the form of molecules, but in that of ions into water. Each

of these ions carries with it a positive charge ; the water

therefore tends to become positive, the metal negative,

and an electrical double layer is formed over the surface

of separation. The charged ions are not free to move

throughout the water, but {t.yN escape from the surface
;

hence the additional pressure due to the impacts of the

metallic ions—the solution-pressure, as it is called—is

small.

Again, let us take the case of a metal, such as copper,

in a solution of one of its own salts, say copper sulphate
;

here, also, if there were no electrical effects, we might

suppose that copper molecules would be deposited out of

the sulphate on to the metal, while other molecules would

leave the metal ; the steady state would be reached when

these two sets of molecules became equal in number, and

the osmotic pressure would become—in reality, unless the

solution were very weak, would /«// to—the solution pres-

sure. But according to the theory, the copper passes as

ions which carry with them out of the solution their

positive charge ; this they give up to the metal on

becoming molecules. And since w-e suppose that, un-

less the solution be very weak, the number of copper

ions leaving it is, to start with, greater than those enter-

ng, the metal becomes positive, the negative ions of the

solution are attracted to it, the positive ions driven off, a

double layer is again formed ; a difference of electrical

potential is established between the metal and the solu-

tion—the metal being positive, the solution negative.

If, however, we consider a metal, such as zinc, which

has a high solution pressure when immersed in, say, zinc

sulphate, we must suppose that at the start more metallic

ions leave the metal than enter it, the solution thus be-

comes positive, the metal negative, and the double layer

formed is one which tends to prevent the positive metallic

ions from leaving the zinc, and is thus opposite to that

formed on the copper.

NO. 1597, VOL. 62]

In both these cases we must suppose, when the steady

state is reached, that the ions leaving the metal leave it

under the solution pressure of the metal in the liquid.

This may be seen as follows : If there were no electrical

force called into action, the pressure would go on changing

in the liquid up to the solution pressure, when the number
of metallic ions leaving the surface would balance those

entering.

Thus the solution pressure measures the whole amount
of momentum which the ions of the metal tend to transfer

per second aero ss unit area of the surface. Now according

to the theory this momentum depends on the metal only,

and the tendency to transfer momentum remains the

same, however the transfer be stopped ; in reality, the

electrical forces acting across the double layer stop it,

not the opposing momentum of the liquid ions, and the

pressure exerted by these electrical forces must be there-

fore equal to the solution pressure of the solid, i.e. when
a current is flowing the positive ions start from the metal

at the solution pressure of the metal, and become, when

in the solution, ions at the osmotic pressure of the liquid.

Now, however, let us suppose that a piece of copper is

connected to the zinc, the two being dipped into zinc sul-

phate ; and suppose further, for simplicity, that there is no

action at the interfaces zinc-copper or copper-liquid, then

negative electricity from the zinc passes over to the

copper through the zinc-copper junction, attracting to

itself the positive ions in the solution and destroying the

double layer at the zinc-liquid junction ; thus a current of

positive electricity passes through the solution from zinc

to copper. The source of the E.M.F. is at the zinc-liquid

junction, arising from the fact that more zinc ions pass

from the zinc into the solution than from the solution into

the zinc ; or, as Nernst would put it, that the solution

pressure of the zinc is greater than the osmotic pressure

of the liquid. In reality, of course, there may be actions

at both the other junctions similar in character to that

which we have supposed to go on at the junction of the

zinc and the liquid, and the resultant E.M.F. depends

on all of these.^

In this simple case the energy of the cell is obtained

from the passing of the zinc ions from the saturation

pressure of the zinc to the osmotic pressure of the liquid,

and we obtain at once Nernst's expression for the electro-

motive force, varying as RT log.e P/A where P is the

saturation pressure, p the osmotic pressure.

But an article which started as a notice of Mr. Jones'

most useful book is in danger of becoming a dissertation

on the seat of the electromotive force of a voltaic c^U. a

result to be avoided. R. T. G.

MESOZOA AND ENANTIOZOA.
Traite de Zoologie Concrete. T, ii. r* partie. Mdsozo-

aires—Spongiaires. By Yves Delage and Edgard

Herouard. Pp. ix -F 244, (Paris : C. Reinwald, 1899.)

AS might have been anticipated, this part of the mas-

sive " Traite de Zoologie," which is now in course

of publication, contains matter of exceptional interest.

One-fifth of the present issue is devoted to the Mesozoa,

1 A reference should be made to Prof. Lodge's article in the May number
of the Philosophical Magazine, which has appeared since the above wa
written.
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and the remainder to the Sponges. The Meso-

zoa are classified provisionally under four divisions :

—

(i) Mcsoccflia for Salinella; (2) Mesenchymia for Tri-

chophix and Treptoplax
; (3) Mesogonia for Dicyemidae

(parasitic in the renal sacs of dibranchiate Cephalopods)

and Orthoncctidac (parasites of Nemertines, Ophiurids

and Polychaets)
; (4) Mesogastria for Pemmatodiscus.

Salinella has been regarded as the inoarnation of an

ideal proinorph, the true Mesozoon, or link between uni-

cellular and multicellular animals. The minute creature

which has been saddled with so grave a responsibility

was found, in 1892, by the late Dr. Frenzel in a jar of

2 per cent, salt solution containing mud taken from the

salt works of Cordoba, in the Argentine Republic. The
jar had been exposed for a long time, and some iodine

washings had been thrown into it by mistake. The
authors of the " Traite " give a full account of Salinella,

and admit that, if it really exists, "c'est le vrai Meso-

zoaire."

When the complex character of the structure and life-

history of the higher Protozoa is considered, the imputed

simplicity of Salinella becomes almost grotesque, and it

seems impossible to assign a cosmic importance to it,

even should its autonomy become, in future years, an

established fact.
,

"On ne le dit pas, mais il r^gne une certaine mefiance
vis-k-vis de cet etre venu si a propos, recueilli dans des
conditions si etranges, observe si loin de nous et une
seule fois. Ce vase contenant un liquideartificiel, expos^
a I'air et aux poussieres, qui a recu les ringures de la

verrene d'une table d'histologiste, ce pays lointain, tout

cela ne prouve rien d'une maniere positive contre la

Salinelle."

Trichoplax and Treptoplax are likewise aquarium-

products, the former having been found at Trieste, in

1883, by Prof. F. E. Schulze, and the latter at Naples,

in 1892, by Prof. F. S. Monticelli. These forms, which
superficially resemble an accElous Turbellarian, are riddles

of the aquarium, like Salinella in this respect, and it

seems premature to draw far-reaching conclusions from

them until they are themselves solved.

The authors of the "Traite" introduce new matter

into their account of the Mesogonia derived from a work
written in Russian by N. A. Keppen, in which the sper-

matozoa of Dicyema are described and figured for the

first time. Attention is drawn to the mystery surround-

ing the dissemination of the Dicyemid parasites from
one host to another, since it is only the infusoriform

males which can endure immersion in sea-water, this

being quickly fatal to the vermiform females.

Pemviaiodiscus is a gastruliform organism found by
Monticelli (1895), living in closed sacs m the jelly of a

Medusa, Rhisostoina pulmo. It would no doubt have
excited enthusiasm twenty years ago. Its right to be
regarded as an independent type is founded upon three

considerations, namely, its parasitic habit, its inability to

endure immersion in sea-water, and its power of multiply-

ing by division. The first and last of these reasons are

by no means conclusive, since parasitic larv;e, as well as

embryos contained in brood-pouches, are known among
Medusiie, as is also the phenomenon of embryonic
fission.

An account of Haeckel's Gastr^eadcC is given on pp. 38
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and 39, by way of appendix. One might almost have

expected to find that the apocryphal Physemaria would
have been allowed to go the way of Bathyhius and
Eozoon.

A second appendix (pp. 40-45) is devoted to the ciliated

urns found in the body-cavity of Sipunculids. These are

regarded by M. M. Kunstler and Gruvel, whose original

drawings are here published for the first time, as being

certainly parasites, and not forming part of the organisa-

tion of the Sipunculid. Two genera are described,

Kunstleria n.g. from Phymosoma ; and PompholyxiUy

Fabre-Domergue, from Sipiinculus.

In their treatment of the Sponges, the authors tread on

firmer ground, and the result of their labours is a most

satisfactory performance. .•\s promorph (type morpho-
logique) of the entire group, they select for preliminary

description the Olynthus of Haeckel. Olynthus is

a generalised abstraction which has its embodiment in

concrete zoology. Admitting that a treatise on Sponges
at present could hardly be introduced in any other

way, it may be pointed out that there are reasons for

doubting whether the phyletic value of the Olynthus is

as great as its undoubted morphological and didactic

importance.

In the section devoted to the calcareous sponges

(pp. 66-82), the authors quote freely from the researches

of our compatriots, Prof. E. A. Minchin and Mr. G. P.

Bidder. The classification recently suggested by Bidder

is given in extenso on p. 67, although not adopted in the

body of the work.

The sextets of actinoblasts which secrete the triradiate

spicules of Ascons, as discovered and described by
Minchin, are duly recorded, but the figure reproduced on

p. 67 gives no idea of the excellence of the illustrations

contained in Minchin's monograph.

The complete inversion of the layers, which takes

place at the metamorphosis (pp. 60, 69, 106, 159), marks
one of the most interesting phases of sponge-life. The
primitive endoderm of the larva gives rise to the per-

manent epidermis of the adult, while the primitive

flagellated ectoderm sinks in to form the flagellated

chambers of the adult. This fact of inversion has induced

Delage to separate the Sponges, under the designation

Enantiozoa, from all other Metazoa.

The metamorphosis of the parenchymula-larva is

accompanied by phenomena which have an interest ex-

tending beyond the limits of sponge-lore. The account

given on pp. iio-iii shows the following succession of

events which occurs in some cases during the conversion

of the flagellated ectoderm of the larva into the choano-

cytes (collar-cells) of the adult :

—

Flagellated

Ectoderm.

II.

Histolysed
Ectoderm.

III.

Syncytial

Ectoderm.

IV.

Choanocytes.

The reconstructions on the coloured plates, which

elucidate the increasing complexity of the inhalent and
exhalent canal systems throughout the group, are well

executed, and produce a satisfying impression of solidity

and reality. If there is a complaint to be made, it is

that, in not a few cases, the authors have omitted to add
in brackets the name of the generic type to which the

diagrams and text-figures may be taken to refer.

Textual errors and inconsistencies are rare, and obvious
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when they occur. A few examples will suffice. On pp. 2

and 36, the terms " coelomique " and " coelome " refer

to a blastocoelic space; on p. 60, "gemmules" is

given as an alternative expression to "bourgeons,"

which arise as outgrowths involving all the layers of

the body {e.g. Lophocalyx), whereas on p. 177 the

endogenous "gemmules" of Spongilla are rightly de-

scribed as special formations, quite distinct from ordinary

lateral or exogenous buds, although the buds of Tethya

(p. 167) seem to be intermediate between the exogenous

and endogenous varieties. On p. 91 (footnote), Sollas's

term collenchyme is branded, with other related terms, as

"bien inutile," but on p. 152 the superficial cortex of

Geodia is characterised as " collenchymateuse."

In a footnote on page 203, we are reminded that

H. J. Carter instituted a comparison between the flagel-

lated chambers of sponges and the branchial sac of

Ascidians. The authors add that this comparison
" nous semble bien singuli^re aujourd'hui ou ces etres

sont mieux connus." On the contrary, the comparison

is appropriate, the analogy between the flagellated

chamljers of a sponge (in respect of their respiratory

and nutritive functions and of their relations to the

inhalent and exhalent canals) and the branchial sacs

of the Ascidiozooids in a compound Tunicary (cf.

especially the Didemnidae) being an extraordinarily

close one ; but of course Carter was innocent of the dis-

tinction between homology and homoplasy. What is

very singular indeed is the fact that, in these latter

days, the same fatal confusion between actual physio-

logical conditions and abstract genetic relationships is

constantly being repeated. A. W.

THE DURATION OF THE BRITISH
COAL-FIELDS.

Les Charbons Britanniqiies ei letir epuisement. By E.

Loze. Pp. ix -1- 559, and vii + 562 to 1229. (Paris : C.

Beranger, 1900.)

IN France, as in the rest of Europe, consumers have

during the past winter been complaining of the

difficulty of obtaining an adequate supply of coal, the

chief cause of the increased demand having been the

activity in the iron and steel trades. At the same time,

prolonged strikes in Austria and elsewhere, and the tem-

porary cessation of the production of the collieries of

Natal and Cape Colony, have lessened the supplies

usually available. The prevailing scarcity of coal is a

matter of serious moment to France, where, owing to the

increasing depth of the collieries and the costly nature

of mining operations, the quantity of coal that has to be

imported from other countries grows larger every year

At the present time about two-thirds of the coal consumed
in France is raised in the country ; and last year the im-

ports amounted to 10,500,000 tons, of which quantity

6,000,000 tons were obtained from Great Britain. France

being so largely dependent on Great Britain, it will

readily be seen that the duration of the British coal-fields

is a subject of no little importance to French economists.

M. Loze has, therefore, been induced to devote two

bulky volumes, covering together 1229 pages, to a critical

consideration of the investigations of Prof. Stanley Jevons,

the Right Hon. Leonard H. Courtney, Mr. R. Price-
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Williams, Mr. T. Forster Brown, Prof E. Hull and othe

English writers.

The results of his studies are grouped in four sections.

The first contains an account of the geography of the

British Isles, with historic, geological and economic

details. The second section contains a detailed de-

scription of each of the British coal-fields, with a chapter

on the coal resources of the Colonies. The third section

deals with commercial geography, water and railway

transport, and the principal industrial centres. The
fourth and last section contains an estimate of the coal

supplies of the United Kingdom, with a summary of the

views expressed as to their probable duration. The
work concludes with a lengthy appendix dealing with

cognate matters, the production and consumption of

mineral fuel in various parts of the world, the consti-

tution of the British Colonial empire, the navy and the

army.

In discussing the views of the various authorities, the

author prefers to accept the pessimistic forecast of Mr.
T. Forster Brown rather than the optimistic estimate of

Prof. Hull. Mr. Forster Brown calculates that the

amount of coal of good quality remaining in the United
Kingdom at a depth not exceeding 2000 feet, the depth

that he regards as the limit of economical mining, is

15,000 million tons. Such is the supply on which Great
Britain must base its hopes in the inevitable economic
conflict with the United States. In spite of the care and
accuracy with which the divergent views on the subject

are set forth, it may be doubted whether the author has

made out a clear case for rejecting Prof Hull's estimates,

which show that the amount of coal remaining within a

depth of 4000 feet is 81,683 million tons. The criticism

of Prof Hull's views is not convincing, inasmuch as M.
Loze, who does not appear to possess a practical know-
ledge of geology and mining, has not followed the recent

investigations as to the limits at which mining may be

carried on with profit. At the present time the greatest

depth at which in Great Britain mining operations may
be carried on has been reached at the Pendleton colliery,

near Manchester, where the deepest workings are nearly

3500 feet below the surface. This enormous depth has,

moreover, been exceeded in other countries, notably in

the Lake Superior district, where a shaft of the Calumet
and Hecla copper mine has now attained the record

depth of 4900 feet, and in Belgium, where a colliery at

Mons is 3937 feet deep. Depths such as these show that

the limit of depth of 4000 feet assumed by Prof Hull is

well within the bounds of possibility. In view of the

marvellous efficiency of modern winding-engines, no con-

siderations of a mechanical nature need limit the pro-

spective depth of shafts. By far the most important

obstacle to very deep mining is the increase of tem-

perature in proportion to the depth. Here, again, the

author is apparently not familiar with recent observations.

Since 1848 and 1854, the dates of observations cited by

him, methods of determining earth temperatures have

been greatly improved, and the results recently obtained

at the Paruschowitz borehole in Silesia, put down by the

Prussian Government to a depth of 6573 feet, show an

increase of temperature of 1° F.for every 621 feet. This

rate of increase would not present an insuperable obstacle

to mining at a depth of 4000 feet.
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The author gives in tabular form an estimate of the

population, coal output, export and consumption for the

years 1899 to 1950, by which date the 15,000 million tons

assumed to be now remaining will be exhausted. The
prosperity assured by the coal of the country to naviga-

tion, manufactures and commerce will then gradually

disappear, and the historian of a powerful empire will

conclude, the author prophesies, his account of a remark-

able period by the words : Finis Britanniae ! Happily,

however, the array of statistics, the copious particulars

of the coal-seams, and the faithfully translated estimates

of eminent experts do not altogether justify the author's

Cassandra-like attitude.

The work has been compiled with great care, and the

author deserves high praise for the accuracy with which

the names of English places and persons have been

presented. On p. 564 there is a curious slip. Speaking

of the introduction of railways in 1844, the author says :

" Mme, aubergiste of the George^ pleurait la fin des

diligences." The archaic expression "Mine host" has

proved too severe a test for the author's undoubtedly

extensive knowledge of the English language.

Bennett H. Brough.

OUR BOOK SHELF.
Ueber den Bau und die Entwicklung der Linse. By

Dr. Carl Rabl. Pp. 324 ;
plates 14. (Leipzig, 1900.)

In the " Notes" column brief mention has recently been
made of the concluding portion of Dr. Rabl's important
investigations on the structure and development of the

crystalline lens of the eye, which appeared in the

Zeiiscrhift fur wiss. Zoologie. The author has now
reproduced the entire monograph as a separate work,
with the original coloured plates ; and since it is a most
elaborate treatise on a very difficult subject, its appear-
ance in this form should be welcomed by all students of

this branch of anatomy.
There are, perhaps, few phenomena in the develop-

mental history of animals more astounding to the

ordinary mind than the fact that a structure seated so

comparatively deep as is the crystalline lens of the

human eye should arise from the outer, or epiblastic,

layer of the embryo, and attain its permanent position,

first by invagination, and then by separation from its

parent layer. Nevertheless, it is a fact about which
there can be no possibility of dispute ; and the more
superficial position occupied by the spherical lens of
fishes serves, in a measure, to indicate the manner in

which the conditions obtaining in the mammalian eye
have been gradually evolved.

By means of the beautiful series of plates illustrating

Dr. Rabl's work the student is enabled to comprehend
at a glance, firstly, the mode of development of the lens

respectively characteristic of fishes, amphibians, reptiles,

birds and mammals ; and, secondly, the different histo-

logical peculiarities presented by the lens itself in the
same groups. Within the limits of a notice in this

column, it is out of the question to discuss any details of
the work before us ; but it may be mentioned that in the
concluding section the author enters into the abstruse
speculation as to what may have been the degree of de-
velopment of the eye in Archaeopteryx and other extinct

animals, and also as to the gradations which may have
formerly existed between the present differentiated types
of lens-structure. Very interesting, too, are his ob-
servations with regard to the lens in the aborted eye
of the mole. Here the rudimentary condition of the
lens does not commence in the course of development,
or in the fully adult animal ; but it is distinctly ob-
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servable in the earliest stages, when it is relatively-

smaller and contains fewer cells than in other mammals.
Hence we have evidence of the extreme antiquity of the
mole's adaptation to its present state of existence

—

evidence fully supported by paheontological facts.

The work may be characterised as a masterpiece of
patient and careful investigation in an abstruse and
difficult line of research. R. L.

Building Construction for Beginners. By J. W. Riley.

Pp. vi -I- 255. (London : Macmillanand Co., Ltd., 1899.)

Thls is an addition to the increasing number of works
on Elementary Building Construction, which all have for

their ultimate goal the preparation of students ior the
May examinations of the Department of Science and Art.

Commencing with the inevitable introductory remarks
on drawing instruments and scales, the student is taken
through all the various building trades, and at the end of
each are added questions in the form of examination
papers which should test the student's knowledge as he
advances.
As the author observes, isometric projection is a very

valuable means of showing the beginner exactly what is

intended, as it gives in one view the plan, elevation and
section of the object portrayed. We are glad to see
that an extensive use is made of such a form of
illustration.

We may also congratulate our author on abstaining
from confusing his illustrations by figuring with too
many dimensions. Some authors refer with pride to their

use of such a system, but as Mr. Riley observes, it is very
confusing, and tends by its complication to hinder the very-

object for which it is introduced.

In a new edition several small slips can be attended to,,

such, for instance, as ithe wall-plate surroundings in

Fig. 384. The brickwork in this case should be taken up-

to the underside of the tiles. The " summary " at the
end of each trade is an excellent innovation, and the
book can be confidently recommended as the best of its

class.

Catalogue of the Fossil Bryozoa in the Department of
Geology, British Museum {Natural History). The
Cretaceous Bryozoa. Vol. i. By Dr. J. W. Gregory.
Pp. xiv -f- 457, and plates. (London : Printed by the
order of the Trustees, 1899.)

We may congratulate Dr. J. W. Gregory in having com-
pleted this volume before he left this country to take up
the geological professorship at Melbourne. The value

of this, and similar works, is inestimable to palaeonto-

logists in all parts of the world. The book itself is

naturally a list of hard names ; but it is something now-
adays to know which is the correct name to apply to

any particular fossil, and Dr. Gregory gives as far as
possible the synonymy, diagnosis, dimensions and geo-
logical distribution of each species. A number of wood-
cuts in the text and seventeen excellent plates illustrate

a great many of the species. We should have been
glad of a table of the Cretaceous strata, to inform or

remind us of the approximate British equivalents of such
divisions as Rhodanian, Campanian, Hauterivian, &c.,

and also to indicate the sense in which the terms Neo-
comian and Cenomanian are used.
The volume deals with the various families which are

included under the sub-orders Tubulata, Cancellata and
Dactylethrata. All these are ranged under the order

Cyclostomata, the sub-class Gymnolasmata, the class

Ectoprocta and the group Bryozoa. It will be remem-
bered that in the catalogue of recent marine forms
in the British Museum, by Busk, that author employed
the term Polyzoa instead of Bryozoa. The effort to

secure a fixity in zoological nomenclature is one of the

trials which beset the path of the worker. Dr. Gregory's
carefully prepared catalogue will, we hope, have a per-

manent value in this respect.
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The Kinetic Theory of Planetary Atmospheres.

In the paper which I communicated to the Royal Society on
April 5, I examined the logical conclusions obtained on the
hypothesis that the atmosphere of a planet is distributed ac-

cording to the generalised form of the Boltzmann-Maxwell
distribution applicable to a gas in a field of external force, with
the further generalisation required to take account of the effects

of axial rotation. As regards the effects of the planet's attraction

on the distribution of density, the expressions assumed to repre-

sent these were of the form now generally accepted by writers

on the kinetic theory {e.g. Watson and Burbury), and the
modifications required in taking account of centrifugal force

were investigated by me in 1894, and are in harmony with the
conclusions to which Maxwell's investigations tend. In the

aforementioned paper I .showed how to calculate a superior limit

to the rate at which a planet is losing its atmosphere, and ob-
tained the results that helium would be permanently retained at

all ordinary temperatures by terrestrial gravitation and vapour of

water by the gravitation on Mars ; conclusions with which those
deduced by Mr. Cook would appear to be identical, so far as I

judge from his letter.

The objections which naturally suggest themselves to the
mode of treatment in this paper are that the distribution in

question is that which would be brought about exclusively as

the result of molecular encounters, and of the free paths of the
molecules between these encounters ; and that it therefore

represents the distribution in an atmosphere of uniform tempera-
ture. In an actual atmosphere the equilibrium of the lower
strata is largely modified by convection currents, so that the
adiabatic law, rather than the isothermal law, is applicable.

This point I hope to discuss at full length in the second part of
the paper ; in the meanwhile, it is hardly likely that any one
will suggest that helium escapes from our atmosphere because
the upper strata are at a low temperature, but that it would
cease to escape if the upper strata were heated up to the same
temperature as the lower ones. The point at issue between Dr.
Johnstone Stoney and Mr. Cook and myself appears to be how
far the Boltzmann-Maxwell distribution represents what happens
in the upper strata of the atmosphere. To assert " that in the
present state of our knowledge it " (the a priori method as Dr.
Stoney calls it) "cannot be made to furnish a valid investig-

ation," seems to me tantamount to striking at the very found-
ations of our kinetic theories of matter. It may be that these

theories will not resist such an attack, but the consequences of

the onslaught cannot be properly traced, except by making
mathematical determinations in the way that I have done. It

appears to me to be just in this very problem of planetary
atmospheres that the fundamental assumptions of the

kinetic theory are least open to objections. Experiments
on the relation of diffusion to temperature led Maxwell
to abandon the notion that the molecules of a -gas behave as

elastic spheres and to consider the effects of finite intermolecular
forces. So far as I am aware, (i) every attempt at a kinetic

explanation of the thermcdynamical properties of gases on the

latter view involves some assumption which restricts its validity

to the limiting case of attentuated gases, where the number of

molecules within each other's sphere of influence is a negligible

proportion of the whole number, and the duration of an en-

counter is negligible in comparison with the time of free motion
between encounters. On the other hand, (2) it is amply proved
by Watson and Burbury that the Boltzmann-Maxwell distribu-

tion, if it hold at any instant, will hold at all future instants in

the absence of molecular encounters. (3) Boltzmann's minimum
theorem tells us that if encounters take place at random, the
molecules tend towards the distribution in question. (4) We are

told on good authority that we must regard the Boltzmann-
Maxwell law as a theorem in probability. Now the divergence
between actual conditions and the assumptions required under
heading (i) gets less and less as we ascend in the atmosphere ;

(3) gives us reason for believing that the Boltzmann-Maxwell
distribution holds at the highest altitudes where encounters not
unfrequently take place

; (2) shows that the molecules which are
projected from these strata and ascend to still greater altitudes
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without encountering other molecules remain distributed accord-
ing to the same law ; and (4V removes the necessity of taking the
size of the element of volume dxdydz into account by telling us
that the law represents not merely the number of nvilecules

having given limits of velocity occurring in the element, but also

the probability of a molecule coming within these limits, and
this probability may be as small as we please.

If helium really does escape from our atmosphere, either

there must be a fallacy in the assumptions underlying (i),

(2), (3), or (4), and this fallacy must affect numerous pre-

vious writings on the kinetic theory, or else our preconceived
notions as to the relation between temperature and kinetic

energy are at fault. With regard to (4), it may be objected that

the error-law fails to apply to events of exceptional occurrence,
and therefore that we cannot apply it to calculate the probability

of a molecule escaping from the atmosphere when the velocity

required would represent an abnormal divergence from the

mean. This point was carefully considered by me. It appears,

however, to be the accepted view that abnormal divergences are

excluded because in practice they never occur, not because their

occurrence is far more frequent than the error-law would lead

us to suppose. If the methods of the kinetic theory should
prove to be inapplicable to rarefied gases as well as to dense
assemblages of molecules, and they do not altogether agree with
experiment for distributions of intermediate density, the position

is indeed a serious one. In face of such a possibility, instead of

abandoning our mathematical calculations we ought to push
them to their ultimate consequences, in order to arrive at a

better understanding of the true state of the case. The escape
of gases from the atmospheres of planets is a phenomenon
probably more directly dependent on the translational kinetic

energy of the molecules than any other property ot gases. The
prevailing doctrine that not only is the mean value of this

translational kinetic energy proportional to the absolute temper-

ature, but the conceptions of temperature and kinetic energy
are physically identical, has always seemed to me to require

closer investigation than it has as yet received, and it may well

be that the kinetic theory of planetary atmospheres furnishes

one means of putting this doctrine to a test.

Plas Gwyn, Bangor, May 26. G. H. Bryax.

The Severn Bore.

No one who suffers from scientific curiosity should miss
seeing a tidal bore at least once in his life. The locality and
conditions under which the Severn Bore can be seen make it an
ideal object for a pleasurable excursion. The time to be
selected is about twenty-four hours after new or full moon ; the

largest spring tides should be chosen, if possible, and an
occasion when the light permits both evening and morning bore
to be seen. They occur at about 7.30 to 9 o'clock, a.m. and
p.m. The visits should therefore be either when the d.ays are

long or at full moon. During a recent excursion, I stayed at

Newnham-on-Severn, below Gloucester. This is about

3 hours 20 minutes from Paddington station, and it is possible

to leave this station at 3.15 p.m. and be in time for the evening
bore, see the morning bore next day, and be back at Padding-
ton by 2.20 p.m.
On April 29, twelve hours after full moon, I awaited the bore

at the south-east corner of Newnham Churchyard. The
position is the summit of a cliff situated on the outer bank, and
near the centre of the base of a U-shaped bend of the Severn,
the limbs of the U being four miles long, and the width bet\Veen

the limbs two miles. The prospect is one of the most pleasing

in the South of England ; the broad, winding river, emerald
pastures abandoned by the wandering channel, miles of rich

champagne country, with apple and plum orchards, and the

distant range of the Cots wolds. At 6.45 p.m. the bore was
sighted as a line of white foam between Aure and Fretherne,

rather more than three miles down the river. For a quarter of

an hour I watched its march up stream, first wheeling by the

left, then advancing up the straight reach, and finally wheeling

by the right round the last bend. The wheeling movement is

most fascinating to watch. I now hurried down to the ferry,

and shoved off the boat into deep water to meet the bore, which
was now roaring like a railway train. The water channel was
about 200 yards wide ; at high water it is double that width.

On the sands of the opposite convex, shallow shore the bore

discharged itself obliquely as a curling breaker. Against our

rocky shore it was a bursting surge. A rise of level was per-

ceptible about ten yards in front of this. In the deep channel



June 7, 1900] NATURE 127

we rode easily over a smooth wave. Against the rocky pro-

montory which protects the landing-stage the water surged up
violently, then subsided 3 or 4 feet, and surged up again

more than once. We now put in behind the shelter of this pro-

montory. At 7.15 p m. the bore was 300 yards past the ferry,

having travelled 3:^ miles, or a little more, in thirty minutes.

It was due at the ferry, according to the tide-table, at 7.17
p.m. At 7.21 a steady torrent of water was pouring past the

promontory. At 7.29 the torrent was roaring, and the standing

waves appeared to be 3 feet high. At 7.44 the waves were

at 8.53 a.m. Taking its time at Newnham Ferry from the tide-

table, this gives 70 minutes for time of traversing ()\ miles, or
close on 8 miles an hour. The speed below Newnham was one
mile per hour less than this. I guessed the height of the bore
at 3 feet in the deep water, 4 feet where bursting on the outer
bank. The broken water flew higher than this. These, how-
ever, are not trustworthy estimates, as I was busy photographing,
obtaining seven exposures in all. Fig. i was taken as the bore
approached ; in Fig. 2 it is seen in passing, showing the wave-
surface at back of the bore itself. When in the boat at Newn-
ham I recorded the same thing as a rising and falling of the
water against the bank. High water was reached about 9.40
a.m. The current continued to flow up stream ; at 10 a.m. it

was slack on the concave (western) shore, but still flowing in mid-
stream ; at 10.18 a.m. it was distinctly running down even in

midstream, the water-level having already fallen nearly 3
feet. From the arrival of the bore to the complete turn of the
current may be taken to be i^ hours.

Ordinary photographs show the form of a bore, but its

character does not lie so much in its form as in its motion,
which combines the mysterious, ghost-like movement of a wave
with the rushing steadiness of a railway train. I hope the
phenomenon may soon be cinematographed.

I, Savile Row, W. Vaughan Cornish.

Fig I.—The Bore approaching.

smoothed out ; the cui rent appeared to be quite as swift, but
the greatly increased depth diminishes the surface effect of the
rough bottom. The boatmen tell me that the current was
" logged " when a bridge was in contemplation, a velocity of
II knots being registered. Owing to dark clouds and a lurid
sunset, I took no photographs. After the passing of the bore
there was half an hour's gossip at the ferry, with reminiscences
of many bores.

Next morning, April 30, I got into the dog-cart at 7.30 a.m.,
and drove 6^ miles, much of the way through plum orchards in

Fig. 2 —Wave .Surface at Back of Bore.

full blossom, to Denny, 9^ miles by river above Newnham Ferry.
Owing to the diff'erence of distance by road and river, it is

possible to see the same bore at both places by cycling or
driving

; but I required spare time to arrange for photography.
The clouds were heavy and a little fine rain fell at times, hence
the necessarily instantaneous photographs are not as bright as
they should be for successful reproduction. The spot for obser-
vation is a cottage garden by the Denny Brook. The river
here is little more than 50 yards wide, flowing between sleep
banks, slime-covered between tide marks, with no sardy shoals.
The bore appeared at 8.47 a.m., and disappeared round a bend
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Bamboo Manna.

The recent occurrence of a sweet secretion on the stems of
bamboos growing in the Central Provinces is a most interesting
fact to students of antiquarian medicine. Bamboo manna de-
rives its name from the Sanskrit words—Tvak-kshira, " bark
milk "

; Vansa-sarkara, " bamboo sugar" ; and Vansa-karpura,
" bamboo camphor." Vansa-lochana is the name by which it

is known by Indian physicians at the present day. These terms
would signify a manna-like substance exuding from the stem of
the tree, but what is known and used as Vansa-lochana all over
India is quite a different article.

That bamboo manna is not a sugar, but a white, gritty body,
now called Tabashir by Europeans, is gathered from the account
of Dioscorides, and from the fact that no kind of sugar prepared
from the sugar cane answering to this description was known
in India in his time. Dioscorides writes :

" What is called
a6.Kxo-pov is a kind of concrete honey, found in reeds in India
and Arabia Felix, in consistence like salt, and brittle between
the teeth like salt." Tabashir, or bamboo manna, was known
to the early Arab travellers in the East, and the port of Thana,
on the wes:ern coast of India, was famous for this product in
the twelfth century. Tabashir is employed as a medicine for

its cooling, tonic, aphrodisiac and pectoral properties. In its

crude state, when taken from the inside of the bamboo stems,
it is mixed with insect remains, and has a blackish appearance ;

but on gently calcining it becomes quite white, with a pearly
lustre. It consists of about 80 per cent, of pure silica, with
variable proportions of alkalis, water and organic matter. The
history and properties of tabashir have been very fully dis-

cussed by Sir David Brewster (Phtlos. Trans. 1819 ; Edin.
Journ. Science, vol. viii. p. 286) ; Sir George Birdwood
{Bombay Products^ pp. 95-96) ; Dr. F. A. Fliickiger {Zeit.

des AUg. Osterr. Apoth. Vcr. 1887, No. 14), and by Sir D.
Brandis {Indian Forester, March 1887).

The only modern work which alludes to a sugar in the bam-
boo is the " System of Botany," by La Maout and Decaisne.
The authors remark :

—"The young shoots of these two trees

{Bainhusa arundinacea and B. verticelkUa) contain a sugary
pith which the Indians seek eagerly ; when they have acquired
more solidity, a liquid flows spontaneously from their nodes,
and is converted Dy the action of the sun into drops of true
sugar. The internodes of the stem often contain silicious con-
cretions, of an opaline nature, named tabashir." Here a dis-

tinction is made between the manna forming on the outside of
the stem and the tabashir found inside, but no reference is made
to any record where the first named exudation was observed or
examined. Dr Watt, when writing the article on Bambusa for

his "Dictionary of Economic Products of India," sums up the
general experience with regard to this point, and says :

*' nor
has the spontaneous excretion of sugar on the outside of the
stem ever been recorded by Indian travellers."

The strange appearance of manna on the stems of the bamboo
was reported last March by the Divisional Forest Officer,

Chanda, Central Provinces, and notices of this phenomenon
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have been published in the local papers. The bamboo forests

of Chanda consist of Dendrocalamus strictus, the male bamboo,
a bushy plant from 20 to 30 feet in height, and affecting the

cooler northerly and westerly slopes of Central and Southern
India. This is said to be the first time in the history of these

forests that a sweet and gummy substance has been known to

exude from the trees. The gum has been exuding in some
abundance, and it has been found very palatable to the natives

in the neighbourhood, who have been consuming it as a food.

The occurrence of the manna at this season is all the more re-

markable, since the greatest famine India has known is this year

visiting the country, and the districts where the scarcity is most
iceenly felt are in the Central Provinces.

An authentic specimen of this Ijamboo manna was sent to

Dr. Watt, Reporter on Economic Products, Calcutta, and was
subsequently handed to me for examination. It occurred in

short stalactiform rods about an inch long, white or light brown
in colour, more or less cylindrical in shape, but flattened or

grooved on one side where the tear had adhered to the stem.

It was pleasantly sweet, without the peculiar mawkish taste of
Sicilian manna (Fraxinus rohindifolia). It was soluble in less

than its own weight of water, and the solution when allowed to

repose deposited white, transparent crystals of sugar. The
manna contained 2 "66 per cent, of moisture, 0"96 per cent, of

ash, 075 per cent, of a substance reducing Fehling solution,

and a small quantity of nitrogenous matter. The remainder
consisted of a sugar which became inverted in twenty minutes
when boiled with dilute hydrochloric acid (i percent.), and
from its solubility, melting-point and crystalline nature, appeared
to be a saccharose, related to, if not identical with, cane sugar.

It contained no mannite, the saccharine principle peculiar to

true manna.
The bamboos and sugar canes belong to the same natural

order of grasses, and perhaps it is not unnatural to expect them
to yield a similar sweet substance which can be used as a food

;

but it is a coincidence that the culms of the bamboo, hitherto

regarded as dry and barren, should in a time of great scarcity

afford sustenance for a famine-stricken people.

Indian Museum, Calcutta, May 3. David Hooper.

Solution Theory Applied to Molten Iron and Steel.

I AM pleased to notice that the theory of solution of iron and
steel has recently received attention, and that valuable work has
been placed before us for consideration by Baron von Juptner
(see recent proceedings of the Iron and Steel Institute).

Will you, however, permit me to state that many years ago,

in a contribution to the Institute (/;-<?« and Steel Inst. 1881),

I advocated the theory of solution in the following words :

—

"The solution theory is directly applicable to fluid iron and
steel, as it is to water. Carbon, phosphorus, &c., are more or

less soluble in the fluid metal, just as salts are soluble in water

;

in both cases the same forces are at work ; water, however, at

the normal temperature of 60° Fahr., fluid iron about 2500°-
3500° Fahr."

" Further, the physical or gaseous theory of solution best ex-

plains the facts ; the so-calied chemical theory of solution is

not so applicable. It is difficult to give satisfactory reasons for

the union of stable bodies such as carbon and iron, but the
gaseous theory of solution apparently does so.

" The difficulty of its complete or further application becomes
one of degree only, for no definite distinction can be drawn be-

tween gases, liquids and solids, more especially when the latter

are heated.
" The quantity of matter dissolved in a given time is simply a

function of temperature, and at low osmotic pressure is com-
parable with that of a liquid evaporating under the pressure of
its own vapour" (Nature, 1892).

"Moreover, it is remarked that ordinary soft steels for sheets,

rails, &c. , should be so manipulated as to produce a colloid, or,

as near as possible, a non-crystalline material, avoiding always
the formation of large crystals" {Iron and Steel hist. 1881).

In my practice I have always adhered to the solution theory,
finding that it gave the key to the solution of many discrep-
ancies observed in the manufacture of steel, which ordinary
analysis, and the usual theoretical deductions therefrom, some-
times failed to explain.

It appears to me, however, that the solution theory requires
•pension. We have, I think, up to the present only touched
upon the surface of the matter, and more extended and deeper
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research will amply repay those who have already done work in
this direction.

In connection with this subject, although perhaps not exactly
bearing upon it, there is what may be termed the theory of the
crystallisation of steel and iron. A sheet of ice, as is well
known, shows, when heated, beautiful structural, or more
correctly crystalline, changes. Why should not a steel plate
exhibit changes of this kind if similarly treated ?

It is evident, as has been remarked of others, that if the sheet
of either ice or iron be suddenly cooled at a given temperature,
the structure or grain at that temperature will be approximately
retained, and that steel of a given chemical composition may
give a material of varying physical properties practically

governed by the applied temperature, but not, strictly speak-
ing, in accordance with its chemical composition, as usually
assumed.

I have lately found that this happens, and have produced steel

of four degrees of hardness by mere temperature manipulation,
with metal containing only one-tenth per cent, of carbon to

gether with low per cents, of sulphur and phosphorus. I

believe also that this has been done to a certain extent by
others, but the facts have not, so far as I know, met with the
attention of the practical manufacturers of steel.

Newport, Mon., May 16. John Parry.

THE BACTERIAL TREATMENT OF
SEWAGE.

'X*HE discovery made by Schwann, in 1839, that a
-*• putrefying liquid swarmed with microscopic living

organisms, gave occasion to a long series of remarkable
investigations as to the general nature and the life-history

of these organisms, and the chemical changes which they
produced.

Prominent amongst the names of those who prosecuted
these investigations stands that of Pasteur, who, in

1857, drew attention to the nature and causes of
fermentative changes produced upon sugar solution, of
the putrefactive changes in liquids containing animal
substances, and of disease changes in the blood of the
living animal, which were produced in the presence of
various minute living organisms. He showed that, if

these liquids were sterilised by heat, and were then duly
protected against receiving solid particles from the air,

or from other sources, these changes did not occur ; and
that contact with air which had passed through a red-hot

tube, or had been filtered through a cotton-wool plug,

was incompetent to introduce the organisms and to start

the above changes.
These researches drew attention to the important part

played by the air as a vehicle of the organisms or of their

spores, and was supplemented by the researches of
Tyndall (1876), who proved that air vvhich had been
allowed to remain at rest until its motes had subsided was
incompetent to produce putrefaction. Tyndall also

proved that boiled sterilised broth, when opened'in Alpine
air, did not usually putrefy, and that the air near the earth's

surface in different localities, and even in the
v
same

locality at different times, possessed infective power
varying from nil to something considerable. The infer-

ence is that the distribution of these organisms and of

their spores varies very considerably in any horizontal

plane near the earth's surface.

Percy Frankland (1886) determined the number of

these living organisms which could be developed from
equal volumes of air collected at varying heights from
the earth's surface. He made use of hills and cathedral

towers for the purpose of collecting his samples, and
noted a regular decrease in the number of the organisms
which were in the air at greater and greater distances

from the earth's surface.

These typical researches render it evident that the

organisms and their spores, which are produced at or

near the earth's surface, are wafted by natural atmo-
spheric movements to some height, but are constantly
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tending to subside, and to sow the organisms broadcast
as they descend.

It has been shown by more recent bacteriological in-

vestigations that many of these minute organisms are

normally present in the living organism, and make their

appearance in large numbers in the dejecta. It is there-

fore not remarkable that sewage, which contains the

dejecta of men and animals, as well as the washings of
considerable road and other surfaces, should contain
micro-organisms and their spores in large number.
The fact that animal dejecta and sewage are inoffen-

sively and gradually resolved into simple chemical com-
pounds by contact with different kinds of soil has long
been known, but this resolution has, until recently, been
attributed to the purifying action of the earth itself, or of
the organisms which it may contain. It is now abun-
dantly proved that the resolving or purifymg agents are,

in the main, the micro-organisms which were originally

present in the dejecta themselves, although undoubtedly
organisms derived from the air, and those already present
in the soil, contribute to the change when they are
present.

The experimental purification of sewage by letting it

stand in tanks filled with flints, gravel, coal, coke or other
mineral substances, proves that there is no special virtue

in soil. These experiments, originally commenced by
the Massachusetts Board of Health, in 1887, have been
repeated by many public sanitary authorities, and their

results have been abundantly verified ; and in various
localities broken stone, broken slate, broken clay vessels,
" ballast " or burnt clay have been successfully employed
in the tanks in place of the materials which were originally

used.

For the successful and inoffensive treatment of sewage
by this means, a preliminary " priming " of the material is

necessary. This is effected by allowing it to remain im-
mersed in sewage for several hours daily for a few weeks.
Sewage, which is then introduced and allowed to remain for

a few hours in the tank containing the "primed " coke or
other material, has the amount of its putrescible dissolved
matters considerably and rapidly reduced, while its solid,

finely-divided feecal matter is brought into solution, and
caused to undergo, in large measure, inoffensive resolu-

tion into simple compounds.
In order that these changes may be completed in-

offensively, it is necessary that the "primed "coke sur-

faces shall be frequently placed in contact with air, and
the process is therefore an intermittent one. The coke-
bed is first filled with sewage, which is then allowed to

flow out from the bottom and to draw air into the inter-

stices of the coke. After the coke surfaces have been
for several hours in contact with the air, the cycle of
processes is then repeated. The treatment of fresh

quantities of sewage in the same coke-bed may apparently
be continued indefinitely.

The effluent from one coke-bed undergoes a consider-
able further purification if it is made to undergo similar

treatment in a second coke-bed ; and if this second con-
tact with the coke surfaces is followed by ordinary sand
filtration, such as is usually applied to river-water which
is to be used for drinking purposes, an effluent of extra-

ordinary purity is obtained.
The original methods introduced by the Massachusetts

experiments, and known as the intermittent aerobic
treatment, is sometimes preceded by a preliminary
anaerobic treatment. This consists in allowing the
sewage to remain quiescent in, or to flow very slowly
through, a large tank or channel. A thick, tough scum
soon forms upon its surface, and protects the liquid from
the air. Under these conditions many of the solid sus-

pended particles of an organic nature pass into solution,

and are thus rendered rapidly resolvable by subsequent
aerobic intermittent treatment.
The above general description ofthe bacterial treatment
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of sewage has been subjected to modification as to details

to suit the conditions of particular localities. Thus the
sewage is in some places subdivided by suitable me-
chanical arrangements into drops, and allowed to fall

continuously like rain upon the surface of the coke-bed.
The bed never becomes full of liquid, since when the
sewage has trickled through the coke, and has been
exposed to the coke surfaces and to the interstitial air, it is

at once allowed to flow away from the bottom of the bed.
That these methods of purifying sewage are correctly

described as bacterial has been placed beyond doubt.
Any conditions which are unfavourable to bacterial life

at once retard the purification, while any treatment of the
sewage which sterilises it arrests the purification entirely.

The bacteria in the sewage are considered to be the
active agents, producing the changes either directly or
indirectly through their products or enzymes. Bacteria
and their spores are found to be present in great num-
bers in sewage. London sewage has been shown by
Dr. Houston and others to contain very large numbers
of bacteria, varying from about three to six million per

Fig. 1.—Proteus vulgaris. Impression preparation from "swarminif

islands " on gelatine ; 20 hours' growth at 20° C. X 3000. (Houston.)

cubic centimetre. It seems probable that many of these

bacteria form films, or "swarming islands," on the coke

surfaces, similar to those which are produced by their

growth upon the surface of a gelatine film (Fig. i) ; the

period of formation of these films may be assumed to be

the period of "priming" already referred to. Probably

the coke-bed aids bacterial action largely by furnishing

surfaces of attachment to the bacteria, upon which they

may alternately be exposed to air and to the sewage. The
useful effect of solid surfaces in promoting bicterial

action in the case of other similar changes is well-known,

and it may be connected with the effect which the sur-

faces exert in preventing the settling of Xht bacteria to

the bottom of the liquid.

Sewage contains many different species of bacteria,

some of which have been described and figured by Dr.

Houston.^ As is seen in Figs. 2, 3, 4, some of these

1 The illustrative figures in this article have been selected from Reports

on "The Bacteriology of London Crude Sewage" and on " The Bacterial

Treatment of Crude Sewage." by Dr. Clowes and Dr. Houston, issued by

the London County Council (F. S. King and Son) ; they were originally

produced from micro-photographs taken by Dr. Norman from Dr. Houston's

cultivations.



I30 NA TURE [June 7, 1900

bacteria possess motile tail-like flagella, and by the move-
ment of these the minute organisms maintain a rapid

progress through the liquid. Bacteria which are devoid
of flagella, and cannot traverse free paths in the liquid, are

shown in Figs. 5, 6, 7 and 8. In Fig. 9, the spores of

these minute vegetable organisms are seen interspersed

amongst the organisms themselves. The organisms have

Fig. 2.—"Sewage proteus." Micrcscopic preparation stained by V.
Ermengem's method, showing one flagellum at the end of each rod ;

from a 24 hours' growth agar culture at 20° C. X 1000.

two methods of multiplying, by fission and by producing
spores : the spores have great power of retaining vitality.

It is found that none of these bacteria are selectively

retained by a coarse coke-bed during the treatment, but
that all the species make their appearance in but slightly

diminished numbers in the purified effluent from the

coke-bed. The average reduction in number of bacteria

Fig. 3.

—

B. mesentericus. Sew.ige variety )".. Microscopic preparation
stained by V. Ermengem's method, showing numerous flagella, from a
20 hoturs' agar culture at 20° C. X 1000.

suffered by the sewage by one treatment in a coarse
coke-bed amounted to only 277 per cent. It would
therefore appear that the different species of bacteria
assist one another in the purifying action, and by pro-

ducing either contemporaneous or consecutive effects

upon the sewage secure its purification : in bacterio-

logical language, their action is either symbiotic or
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metabiotic, or possibly of both kinds. The organisms
seem to establish and maintain a condition of equilibrium

amongst themselves in the coke-bed, since attempts to

artificially increase the number of certain species have
thus far failed.

It appears that in the above processes there is no
separation of the bacterial action which takes place in

Fig. 4.—j5. vtesentericus. Sewage variety I. Microscopic preparation
stained by V. Ermengem's method, showing numerous flagella ; from
a 20 hours' agar culture at 20° C. X 1000.

the presence of air from that which occurs only in the
absence of air, and both processes probably proceed side

by side in the open coke-bed. The anaerobic, or so-

called " septic," treatment, during which cellulose is slowly
resolved with separation of hydrogen and methane, is,

however, sometimes made to precede the more truly

aerobic treatment.

One result of the anaerobic treatment is the liberation

of large volumes of combustible gas, and this gas has

been employed at some works for illuminating purposes
on the incandescent principle.

The general products from both processes of bacterial

action are carbon dioxide, water, ammonia, nitrogen,

hydrogen and methane ; and in the aerobic changes the

ammonia is subsequently oxidised into nitrite and nitrate.
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The experience obtained from several years' experi-
mental bacterial treatment of sewage at several of our
largest cities has recently been published.

In 1893 the London County Council constructed an
acre coke-bed about three feet in depth at the Barking Out-
fall of the North London Sewage. This bed has been

Impression preparation from a gelatine plate
culture. X 1000.

receiving screened and sedimented sewage up to the
present time, the process of sedimentation having been
assisted by the addition of a small proportion of solutions
of lime and of ferrous sulphate. Two years ago the bed
was deepened to about six feet. Its purifying action, as
measured by the amount of oxidisable matter present in

\entericus. Sewage variety E
from a 20 hours' agar culture at ;

Microscopic preparation

C. X 1000.

[the raw sewage and in the clear efifluent, amounts to

I92
per cent., and if the purification is calculated from the

|clear sewage and efifluent, it amounts to 84 per cent,
"lore recent experiments have proved that the treatment

" raw, roughly-screened sewage in such coke-beds is

Uisfactory, but that the capacity of the bed becomes
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continuously reduced by the deposition upon the coke of
mineral matter from road detritus, of particles of straw,

chaff and woody matter from the horse-traffic and from
the wood pavements. It was, therefore, evident that these
matters must be deposited by sedimentation before the
sewage was brought into the coke-beds. A comparatively

—B. enteritidis sporogenes (Klein). Microscopic double-stained
preparation, from a serum culture, showing spores. X 3000.

rapid process of sedimentation suffices to remove these
matters, since even the cellulose matters arrive in the
sewage in a heavy and waterlogged condition.

It was found advantageous to use coke in comparatively
large fragments, about the size of walnuts, since this

facilitated the rapid draining of the liquid from the coke.

Fig. 9.

—

Proteus vulgaris, x 1000.

and at the same time increased the sewage capacity of

the bed and promoted its efficient aeration. The depth

of the beds has been augmented from 4 to 13 feet, and the

increase of depth seems to be attended with increase of

efficiency. The 13-foot bed has for long periods given a

purification from dissolved oxidisable matter of over
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60 per cent. It has maintained a most satisfactory state

of aeration, since the air drawn from the bottom has

contained, on an average, 17 per cent, of oxygen.

About 60 per cent, of the matter which settles from the

sewage under ordinary conditions is combustible, and

could, therefore, very well be dealt with by a destructor.

The tendency of the coke bacteria beds is undoubtedly

to improve in their purifying power with age, provided

they are not overworked. A bed which had given for some
time a 50 per cent, purification, gradually increased in

efficiency until its purifying effect reached nearly 70 per

cent. The effluent from this bed underwent an additional

purification of 20 per cent, by treatment in a second

similar bed.

The effluent from a single coke-bed worked on the in-

termittent principle was clear and odourless, and remained

in this condition when it was kept in open or closed

bottles in a warm laboratory. It maintained the life of

gold-fish, roach, dace and pike indefinitely : it was there-

fore not only well aerated, but was able to maintain its

aerated condition. This proves that it was free from any
rapidly oxidisable matter. It was undoubtedly, however,

undergoing gradually further purification by the action

of the bacteria which it contained, and with the assist-

ance of dissolved oxygen. Such an effluent would be
quite suitable for introduction into the tidal part of the

river, where the water is too salt and muddy to be used

for drinking purposes.

Bacteria are present in large numbers in the river-

water itself, and undoubtedly exert a most useful purify-

ing effect upon the water during its flow. The relation

between the number present in the sewage and in the

water of the River Thames, below and above locks, is

shown by the following estimations made by Dr. Hous-
ton. The number of liquefying bacteria included in the

total number of bacteria present in one cubic centimetre,

and the number of spores of bacteria, are also stated :—
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some cases this will not be until the observers return

home.
Rough prints from several of the negatives obtained

with the prismatic cameras used by Sir Norman Lockyer's

party show as great amount of detail as those taken in

1898. From a cursory examination of the negatives few
differences appear in the chromospheric spectrum ; the
"1474" corona ring seems, however, slightly more
feeble than before.

Fig. 2.—The 20-foot prismatic camera and siderostat.

In a letter received from Mr. Fowler he states that

the negatives obtained by Mr. Payn with the 16-foot

Cooke coronagraph are excellent, especially one showing
the inner corona.

The accompanying illustrations, received too late

for reproduction with Sir Norman
Lockyer's letter last week, show some
of the arrangements made for ob-
serving the eclipse at Santa Pola.

Particulars concerning the various in-

struments will be found in Nature
of May 17.

Prof H. H. Turner, at Bonsarea,
near Algiers, successfully carried out
his programme of photographing the
corona, obtaining seven ordinary pic-

tures and seven with interposed polar-
sing apparatus. The polarisation
indicated was decidedly radial.

Mr. H. F. Newall obtained the
"first flash" and "corona" spectra
with both slit spectroscope and ob-
jective grating, those taken with the
latter, however, being weak. With
Mrs. Newall he also made polariscopic
observations.

Mr. VV. H. Wesley made an excellent drawing from
his observations with the eight-inch Coude equatorial
placed at his disposal by M. Tr^pied, director of the
French observatory at Algiers. He reports that very
little structural detail was discernible in the inner corona.
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The need for correction of the lunar tables is

indicated by the universal experience that totality was
some seconds less than that previously computed. The
.•\merican observers estimate the difference as three

seconds, while at Ovar, in Portugal, Mr. W. H. M.
Christie, the Astronomer Royal, gives

the time of totality as 85 seconds,

whereas the calculated value was 93
seconds. Several observations in-

dicate that the discrepancy is to

be looked for in the moon's dia-

meter being taken too large.

The most unfortunate victim of

this error appears to have been
Mr. Evershed, who journeyed to an
outlying station, near Mazafran, so

close to the limiting line of totality

as was considered safe. He did

this with the object of photograph-
ing the "flash" spectrum with as

long duration as possible ; this will

be understood when it is considered
that exactly on the central line the

duration of the flash will be merely momentary, but as

the observer recedes from the central line the line of
sight to the moon's limb becomes more oblique, until on
the limiting line of totality the so-called "flash" is

visible for the whole time of totality at that point.

Owing to this ambiguity of the data, the station chosen
was evidently somewhat further from the central line

than was anticipated, and consequently Mr. Evershed
had the unpleasant experience of less than one second
totality. His preparations must have been exceedingly
perfect, however, for he reports having obtained a good
photograph at the proper instant, though it will fall

short of expectation for the reason stated.

Prof. Howe, of Denver, has already determined the

position of the planet Eros, which he was fortunate

enough to discover on his photographic plates during
the eclipse, and has circulated his result. The co-

ordinates of the planet will be found in the "Astronomical
Column." C. P. B.

NOTES.
Sir Archibald Geikie, F.R.S., has been elected a Foreign

Honorary Member of the American Academy of Arts and

Sciences in the section of Geology, Mineralogy and Physics of

the Globe, in succession to the late Carl Friedrich Rammelsberg.

Fig. 3.—Discs on spars, for naked eye observations of the corona.

Prof. Fouque has been elected vice-president of the Paris

Academy of Sciences for the year 1900, in succession to the late

Prof. Milne- Edwards. Prof. Boltzmann has been elected to

succeed the late Prof. Beltrami, in the mechanics section of the

Academy.
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Prof. Paul Groth, of Munich, has been elected a Foreign

Member of the Geological Society, and Prof. A. Issel, of

Genoa, a Foreign Correspondent.

The annual conversazione of the Institution of Electrical

Engineers will be held on Tuesday, June 26, at the Natural

History Museum, South Kensington. The guests will be

received by the president (Prof. Perry), and Mrs. Perry.

The Croonian Lectures for 1900 will be delivered by Dr.

F. W, Mott, F.R.S., before the Royal College of Physicians

of London, on June 19, 21, 26 and 28. The subject is "The
Degeneration of the Neurone."

It is stated that Captain W. Bade di Wismar has organised an

expedition to the east coast of Spitsbergen and Franz Josef Land

to seek for traces of Andree, and also to obtain intelligence of

the Duke of the Abruzzi. No apprehension is felt about the

Duke of the Abruzzi, as a long interruption in his communications

with the rest of the world was foreseen.

A MEETING was held at the Meteorological Society on

Thursday last to consider the question of a memorial of the late

Mr. G. J. Symons, F. R.S. It was resolved that the memorial

should take the form of a gold medal, to be awarded from time

to time by the council of the Royal Meteorological Society for

distinguished work in connection with meteorological science.

An executive committee was appointed to take the necessary

steps to raise a fund for this purpose. Contributions will be

received by the assistant secretary, Mr. W. Marriott,

Lord Lister will open the new clinical laboratories at the

Westminster Hospital on Tuesday, June 12, at 4 p.m. He will

ibe received by Sir J. Wolfe-Barry, chairman of the committee,

and supported by Lord Kelvin, Sir Michael Foster, M.P., Dr.

Church, president of the Royal College of Physicians, Sir William

MacCormac, president of the Royal College of Surgeons, and

'the Dean of Westminster.

The completion of the twenty-fifth year of teaching by Prof.

Luciani, Rector of the University of Rome, was celebrated on

May 3 in the physiological laboratory of the University. The
British Medical Journal states that the theatre was crowded

with admirers of the well-known physiologist, conspicuous

among whom was Prof. Baccelli. An address was delivered by

Prof. Todaro, to which Prof. Luciani, who was much moved,

'replied. Prof. Baccelli also spoke, and ended by embracing

Prof. Luciani, who was the object of enthusiastic congratulations

from the assembly.

The decision of the Trinity House authorities to remove the

wireless telegraphy installation between the South Goodwin
lightship and the South Foreland was discussed by the Dover

Chamber of Commerce on Friday. It was decided to

memorialise the Trinity Board and to request the Chambers of

Commerce of the ports of the United Kingdom, as well as

Lloyd's and other shipping bodies, to support the memorial,

with a view to the establishment of a connection between

lightships and the shore on dangerous sands.

The president of the Board of Education has approved of a

Committee, which is now sitting, " to inquire into the organisa-

tion and staff of the Geological Survey and Museum of Practical

Geology ; to report on the progress of the Survey since 1881 ;

to suggest the changes in staff and arrangements necessary for

bringing the Survey in its more general features to a speedy and

satisfactory termination, having regard especially to its economic

importance ; and, further, to report on the desirability, or

otherwise, of transferring the Survey to another public depart-

ment." The members of the Committee are :—The Right Hon.

J. L. Wharton, M.P. (chairman), Mr. Stephen E. Spring
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Rice, C.B., Mr. T. H. Elliott, C.B., General Festing, C.B.,

Dr. H. F. Parsons, Mr. W. T. Blanford, F.R.S., and Prof. C.

Lapworth, F.R.S., with Mr. A. E. Cooper as secretary.

The announcement of the death of Miss Mary H. Kingsley,

at Simonstown, on Friday, will be received with deep regret by

geographers, ethnologists, and many others who are familiar

with her works. Miss Kingsley was the elder of the two

children of the late Dr. G. H. Kingsley, and quite recently

(May 3) her memoir of her father, published with his " Notes

on Sport and Travel," was noticed in these columns. Miss

Kingsley will chiefly be remembered for her explorations in

West Africa, and her works upon them. The first volume in

which she recorded her experiences was " Travels in West
Africa," published in 1897. Last year, a further volume of

" West African Studies " appeared, and a few weeks ago her

"Story of West Africa" was published in the Empire Series.

Miss Kingsley's books are marked by a sincerity and humour
which make them of deep interest even to readers who may
not always agree with her forcibly-expressed convictions. Her
interest in West Africa, as an obituary notice in the Times

points out, was partly scientific, partly sociological, partly

political. She made numerous contributions to our knowledge

of the fishes of some of the West African rivers, and of the

reptiles in that part of the continent. In both her books on

West Africa she made valuable additions to our knowledge of

the native mind and character, and her studies in fetish bring

out in a remarkable manner the sympathetic insight which

enabled her to project herself into the mind of the negro races.

In " West African Studies " Miss Kingsley set forth, with much
array of facts and arguments, a strong indictment of the system

of government by Crown colonies in West Africa. Personally,

Miss Kingsley was of a modest and retiring disposition ; but

the frequent journeys that she made up African rivers and

through the bush with none but native attendants afforded

undoubted testimony to her pluck, powers of endurance and

fertility of resource.

At the last meeting of the General Medical Council, the

report of the Pharmacopoeia Committee, referring to the sub-

ject of a proposed international Pharmacopoeia limited to drugs

of a drastic nature, was adopted. If an international conference

on the subject in question is arranged, the Council will appoint

representatives to participate in it, and one or more members

will be appointed to act as delegates. Communications have

been opened with the United States authorities with a view to

bringing about greater uniformity in the official preparations

contained in the British Pharmacopoeia and the United States

Pharmacopoeia respectively ; and it is hoped that, by mutual

concessions, important approximations and assimilations in the

contents of the two works may be ultimately secured. Further

communications have been received with reference to the

Indian and Colonial "Addendum," and important suggestions

from Canada have been considered by the committee in detail.

It is hoped that the addendum will be authorised for issue by

the end of the year. By the efforts of Dr. Leech, a valuable

collection of British and foreign works bearing on the history

and development of the Pharmacopoeia has been collected and

deposited in the office of the Council.

The widespread invasion and persistent devastations of

locusts in so many parts of Africa give interest to all trials and

experiments, as well as the ordinary remedies, employed for the

alleviation of this ruinous plague of the farmer. The following

notes from Mr. W. C. Robbins, Stock Inspector of the Lower

Tugela and Mapumulo Districts, are published in the Cape

official AgrtctilhtralJournal :—" For the past three days I have

been over the ground where my men have been infecting locusts

with Government fungus, and the result was that I found dead
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locusts everywhere. I send you a sample ; you will notice they

are full of worms, and we know from experience than when

locusts are found in this state whole swarms die off. Some, you

will see, are half eaten ; these were eaten by their fellows. I

have seen many clusters of locusts eating dead ones." The

feeding upon bodies of dead locusts suggests that diseased locusts

may be utilised as a substitute for locust fungus. Tests are being

made to determine whether a preparation from diseased dead

locusts will infect a swarm in the same way as locust fungus

made in the Government laboratory.

In a paper on " The Standardisation of Electrical Engineer-

ing Plant," published in the Journal of the Institution of

Electrical Engineers, Mr. R. Percy Sellon arrives at the follow-

ing general conclusions :— (a) Standardisation to a greater

degree than at present exists is in the interest of the manufac-

turer, as a means of facilitating repetition and production, and of

meeting the competition of standardising foreign manufacturers.

((^) Standardisation of "ends" or "performance" as distinct

£rom "means" or "constructional details" is equally in the

interest of the user, by securing for him low purchase cost,

prompt delivery, freedom from the risks of experimental designs,

and full manufacturers' guarantees. (<) The relative absence of

standardisation in Great Britain, in contrast with other

countries, is mainly traceable to the prevailing system wherein

the user's engineer specifies "means" or "constructional"

details instead of confining himself to "ends" or "perform-

ance." {d) The determination of standards by organised effort

rather than by the slow and costly process of " trial and error"

is desirable, and should be undertaken under the auspices of the

Institution of Electrical Engineers, as representing the interests

,of both producer and user.

If standardisation is important for the electrical engineer, it

is none the less urgently needed in connection with scientific

literature. Although the pages of a large number of journals

and transactions, both in this country and on the Continent, are

of uniform sizes, both quarto and octavo, this is by no means

the universal rule ; and proceedings, especially of local societies

in remote districts, as well as the more popular class of scientific

journals, show almost every possible variation in the dimensions

of their pages. We have before us a pile of such publications,

arranged in order of size, and increasing gradually from 7x4^
inches at the top to 12 x 10 inches at the bottom. They in-

clude many papers which it is desirable to bind up with other

literature on the same subjects, but which have had to be rele-

gated to " the pile " on account of their inconvenient sizes.

This is the more unfortunate because journals of this p.irticular

character often contain reports on current research, the inclusion

of which in bound volumes of reprints, easy of reference, might

often save those repetitions of investigations which involve

Hiuch loss of time, and only lead to disappointment, accom-

panied by unpleasant—not to .say undignified—controversies as

to priority.

The U.S. Department of Agriculture has issued a Bulletin,

No. 74, containing " Organisation Lists of the Agricultural

Colleges and Experiment Stations in the United States, with

a list of Agricultural Experiment Stations in Foreign Countries."

Thirty-six pages are occupied by notes on the courses of study

and the names of the boards of instruction at fifty-nine colleges

exclusively devoted to agricultural teaching, or with agricultural

departments ; while twenty-one pages give the names of the

governing board and staff at fifty-six experiment stations.

Then follows a list of foreign experiment stations, with the

names of the directors, to which is added a most useful state-

ment of the more important publications issued in 1899 by the

various stations of the United States. Some notes on the

relationship of the colleges and stations to the United States
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Treasury complete this exhaustive record. Probably, the in-

formation, so far as it concerns the United States, is trustworthy,

but the same cannot be said in regard to the British stations,

for this section of the work is defective alike as regards accuracy

and completeness. It would be well to have the British section

thoroughly revised in any future issue.

We have received from Dr. W. van Bemmelen a memoir on

the deviation of the magnetic needle from the end of the fifteenth

century to the year 1750, with isogonic charts for the epochs

1500, and subsequent half centuries down to 1700. The work

is published as a supplement to vol. xxi. of the " Batavia

Meteorological and Magnetical Observations," and is the out-

come of researches made during several years in various libraries

and archives in the Netherlands and other European countries

prior to the author's appointment to the Batavia Observatory.

The work is a laborious compilation of all the most trustworthy

observations, commencing with the voyage of Columbus in 1492,

and is a most valuable contribution to terrestrial magnetism,

containing between five and six thousand observations in all

parts of the world, with references to the positions and the

sources whence the information has been obtained. The value

of the work is much enhanced by numerous critical remarks and

by explanatory text ; the language used is German.

As attention has recently been much directed to the enormous

drafts that are being made on the coal supply of the world for

power purposes, the following description of one of the most

recent attempts to obtain power by utilising the hitherto wasted

resources of nature may be of interest. A company called the

Saint Lawrence Power Company, composed of English and

American shareholders, some time since obtained a tract of 2000

acres of land at Massena, adjacent to the Saint Lawrence and

Grasse rivers. On this land an electrical installation of con-

siderable magnitude is in course of construction. The works,

which it is expected will be completed next autumn, are in-

tended to develop ultimately 110,000 horse-power. The plant

is situated on the River Grasse, a tributary of the Saint Lawrence,

from which the water for driving the machinery will be diverted

through a canal three miles long, 200 feet wide at the bottom,

and 25 feet deep. The bottom of this canal at the river end

will be 60 feet above the ordinary water-level in the River

Grasse, which will form the tail-race for the turbines. The pre-

liminary mechanical equipment will be eight units of 5000 horse-

power, each obtained by three twin turbines and dynamos.

The land adjacent to the works which is to be utilised for manu-

facturing and allied purposes will be accessible by branches

of the New York Central Railway and by the canal to the

Saint Lawrence, which will be large enough to take vessels

of considerable draught.

The means of overcoming the difference of level of the coun-

try through which canals pass is in most cases overcome by locks

placed either singly or in flights, depending on the height to be

overcome. About twenty-five years ago, the locks between the

Trent and Mersey Canal and the River Weaver, where there is

a difference of 50 feet, were superseded by the hydraulic lift at

Anderton. The boats here are floated into iron troughs which

are raised or lowered by hydraulic power, one boat ascending

and another descending at the same time. This system was

subsequently adopted on other canals in France and Belgium,

and, with some modifications, in Germany. What is claimed

as an improvement on this system is now being carried out on

the Erie Canal in America, at Lockport, by what is termed a

"Pneumatic Balance Canal Lock." A description of this lift

was given in a paper contributed to the Franklin Institute by

Mr. Chauncey N. Duiton. The existing stone locks were erected

in 1836, and overcame a lift of 62^ feet by means of five flights.

The lock which is being erected to supersede these consists of
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two steel chambers, one for ascending and the other for de-

scending boats. These chambers are divided into two parts,

the upper one containing water to receive the boats, and pro-

vided with gates, as in the case of the Anderton lift ; and be-

neath this a second chamber containing compressed air on

which the lock-chamber floats. The air-chambers are so pro-

portioned that they automatically differentiate the air-pressure.

The water in the lock-chamber which contains the boat at the

upper level is so adjusted that its weight, with the boat it con-

contains, is 200 tons greater than that of the lower one. Each
of these locks weighs 1500 tons and contains 4500 tons of water,

the weight in motion, when the boats are ascending and de-

scending, exceeding 12,000 tons. The advantages claimed by

the use of compressed air are a saving in cost, safety in work-

ing, and great economy in water. The power for compressing

the air is furnished by a 36-inch turbine working a four-cylinder

pump. This also drives the dynamos which operate the gates

and light the lift.

A RECENT report by Prof. Le Neve Foster upon the number
of persons employed, and the number of fatal accidents, in mines

and quarries in the United Kingdom, shows that in 1899 the

death-rate of the workers at mines under the Coal Mines Act,

taking underground and surface workers as a whole, was 1 •26,

whilst that of 1898 was i'28. At the mines under the Metal-

liferous Mines Act, the death-rate of the underground and
surface workers as a whole was l '59, a figure decidedly higher

than that of 1898, which was only -96. The inside workers in

quarries had a slightly smaller death-rate from accidents in 1899
than they had in the previous year.

A RECENT consular report (No. 2418) on the trade of Corsica

states that of the few industries at present carried on, that of

extracting tannic acid from chestnut wood is now perhaps the

most flourishing in the island. This industry is carried on in

Bastia, which is the commercial centre of Corsica, by two large

factories which export together about 4000 tons of extract per

annum, in concentrated liquid form. To prepare this quantity

requires nearly 20,000 tons of wood of the sweet chestnut tree

yearly. The immense forests are equal to supplying the demand
for many years ; but this tree not being under the control of the

Administration of Woods and Forests its wholesale destruction

without compulsory replanting will, it is feared, in time not only

influence adversely the climate of large districts, but cause

much misery in those districts where chestnut flour forms the

staple food of the peasants. It is prepared from the dried fruit

of the sweet chestnut.

According to the Acting British Consul at Samoa, rubber

has been introduced there, and is being grown by several of the

planters. It appears to thrive, and as far as can be seen the

soil is admirably adapted for the growth of this most valuable

product.

We have received the ofiicial edition of the Fourth Annual

Report of the New York Zoological Society, the substance of

which is given in more popular form in a publication alluded to

a short time ago in our " Notes " column.

The Marlborough College Natural History Society, in its

Report for 1899, sets an admirable example to institutions of this

nature in publishing a list of the Lepidoptera of the district, the

elaboration of which has been a work of years. It is by the

thorough working out of local faunas that provincial natural

history societies can alone properly justify their existence.

Referring to a remark in the review of the " Vertebrate

Fauna of the Shetland Islands " in Nature of May 24 (p. 75),
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Mr. Eagle Clarke writes to say that though he revised some of
the proofs, the revision of the Cetaceans was undertaken by Mr.
James Simpson, and that he did not revise either the MS. or the
proof relating to that order. '« Mr. Simpson, who had a special

knowledge of the group, has passed from among us, but I have
little doubt that his inclusion of the Narwhal in the Physeteridae
was the result of a mere slip."

The Etitomologist for June contains the first instalment of the

translation of an article by Prof. Max Standfuss on experiments
in hybridisation, and on the influence of temperature on the

development of the Lepidoptera. As an instance of the line of

investigation followed, we may quote the case of the map-
butterfly ( Vanessa levana), in which the difference between
insects bred* from the summer and winter pupae is so great as to

have formerly led to the belief that they belonged to different

species. By placing the summer pupa: in an ice-house the

winter imago was produced ; but, on the other hand, it was
found much more difficult to change by warmth the winter pupae

into the summer imago. This led to the inference that the

winter form was the original one ; and this is confirmed by the

circumstance that the only near relatives of this insect are four

species from northern Asia.

The second edition, revised and largely rewritten, of Dr.

Julius Wiesner's work, "Die Rohstoffe des Pflanzenreiches," is

in course of publication by the firm of W. Engelmann, Leipzig ;

and the second and third parts have just appeared. The work
will be completed in two volumes, and will probably be com-

pleted towards the end of this year.

A NEW edition of Thompson's " Gardener's Assistant," which

has for many years been accepted as a trustworthy repository of

information on the science and art of jgardening in all its

branches, is in course of publication by the Gresham Publish-

ing Company. The work has been completely revised and

entirely remodelled under the direction and general editorship of

Mr. William Watson, of the Royal Gardens, Kew, and con-

tains contributions by many eminent horticulturists. The first
j

volume has just been published.

The first volume of a "Cyclopedia of American Horticul-

ture"—a work described as "comprising suggestions for culti-

vation of horticultural crops, and descriptions of the trade

species of fruits, vegetables, flowers, and ornamental plants,

together with geographical data and biographical sketches," has

just been published by Messrs. Macmillan and Co., Ltd. It is

edited by Prof. L. H. Bailey, whose fertility in the production

of excellent botanical books is really astonishing, assisted by

Mr. W. Miller. The present volume extends from A to D,

and contains 509 pages and 743 illustrations. The work will

be completed in four volumes.

A complete and convenient cabinet of glass-blowing

apparatus and materials, arranged especially for students or

others using Mr. T. Bolas's book on " Glass Blowing," has been

put on the market by the Camera Construction Company.

Exercises in the manipulation of glass cultivate delicacy of

touch and perception, and are therefore excellent as manual

training for young people. In scientific work, and more
especially in physical and chemical sciences, the ability to work

glass is a very valuable accomplishment, and a cabinet which

provides a ready means of obtaining practice in this art is a

desirable possession for laboratories as well as private students.

The question as to whether strontium and barium can replace

calcium in plants has been made the subject of inquiry by more

than one experimenter. The February number of the Bulletin
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of the College of Agriculture of Tokyo "contains an interesting

contribution to this question by Dr. U. Suzuki. Experiments

were carried out with several species of plants and in soils con-

taining varying amounts of calcium. The results show that

strontium and barium can never replace calcium in phanerogams,

as they are strongly poisonous, although the poisonous action

may be lessened to a certain extent by the addition of lime

salts. The Bulletin also contains papers by the same author

•on arginin, and its formation in coniferous plants; and by

K. As5, on the chemical composition of the spores of Aspergillus

Oryzae.

Amongst the products of the action of fluorine upon sulphur

recently investigated by M. H. Moissan (see Nature, April 19,

vol. Ixi. p. 597), thionyl fluoride, SOFj, the existence of which

was first indicated by M. Meslans, was noticed. MM. Moissan

and Lebeau have now made this fluoride the subject of a more

detailed study, and have succeeded in obtaining it in a pure

state by two diff"erent methods—by the action of fluorine upon

thionyl chloride, and by the interaction of fluoride of arsenic

upon thionyl chloride. Thionyl chloride is a colourless gas,

fuming slightly in moist air, and possessing an unpleasant odour

resembling carbonyl chloride. It is easily condensed by a

mixture of solid carbon dioxide and acetone, giving a liquid

boiling at - 32^. In the absence of moisture, glass is not at-

tacked by the gas at temperatures below 400° C. ; above this

temperature silicon tetrafluoride and sulphur dioxide are pro-

<luced. Water decomposes thionyl fluoride slowly at ordinary

temperatures, giving hydrofluoric and sulphurous acid. Indica-

tions were obtained of another oxyfluoride of sulphur, not

absorbed by water and possessing a much lower boiling point.

The additions to the Zoological Society's Gardens during the

past week include two Wild Swine i^Siis scrofa, ? 9 ), European,

presented by the Lord Carnegie ; three Chaplain Crows
(
Corvus

capellanus) from Southern Persia, presented by Mr. B. T.

Ffinch ; a Herring Gull [Lams argentatus), European, pre-

sented by Mr. J. W. Berry ; two Red Howlers {Mycetes

seniculus, <J 9 ) from Colombia, a Great Kangaroo {Macropus

giganteus^ S ) from Australia, an American Flying Squirrel

{^Sciuropterus volucella), three American Box Tortoises {Cistudo

'arolttia), a North American Trionyx (
Trionyx ferox), three

Changeable Tree Frogs {Hyla versicolor) from North America,

a Black Sternothere {Stemothoertis niger) from West Africa,

two Greek Tortoises {Testudo graeco). South European; six

Argentine Tortoises
(
Testudo argentina) from the Argentine

Republic, a Red and Yellow Macaw {Ara chloroptera) from

Souih America, two Black-headed Caiques {Caica inelano-

cp/iala) from Demerara, a Chough {Pyrrhocorax graculus),

British, deposited ; two Brown Mynahs {Acridotheres fuscus)

from India, a Brown Mock Thrush {Harporhynchus ru/iis) from

forth America, an Occipital Blue Pie {[/rocissa occipitalis) from

Western Himalayas, purchased; two Thars {Capra jein-

ticus), five Swinhoe's Pheasants {Euplocamus szuinhoii), bred

the Gardens.

OUR ASTRONOMICAL COLUMN.
Photographic Observation of Eros.—A circular from

le Centralstelle at Kiel furnishes particulars of the photograph
f the planet Eros obtained by Prof. Howe, of Denver
)bservatory, U.S.A., during the recent total eclipse. The
)sition determined was :

—

R.A. 23h. 47m. 3-9S. \
Decl. + 2° 46' 33" /

1900 May 27-9129.
Greenwich Mean Time.

Occui.TATiON of Saturn.—There will be an occultation of
Saturn by the moon on Wednesday evening, June 13, the
particulars of which are as follows :

—
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ADVANCEMENT OF ELECTRICAL
CHEMISTRY.

TN a previous article (March i, p, 428) upon the advancement
-* of electrical chemistry, various developments of electro-

metallurgy or electrical deposition of metals were described.

Electrolytic processes for obtaining the non-metallic elements

and for the preparation of inorganic and organic compounds
were left for consideration in a separate article, and are now
dealt with.

In the year 1800, Nicholson and Carlisle showed that water

could be decomposed into oxygen and hydrogen by means of a
" volta pile "

; since that time the electrolytic decomposition of

water has been employed as a lecture experiment to show the

composition of water. It is, however, only quite recently that

oxygen and hydrogen have been produced on a manufacturing

scale by the electrolysis of dilute solutions of caustic soda or

sulphuric acid. The hydrogen so obtained is usually almost

absolutely pure, but the oxygen is generally mixed with about

3 per cent, of hydrogen, which, however, can be removed by
passing it through red-hot tubes.

The powerful oxidising action of ozone has through the ad-

vancement of electrical science been pressed into the service of

the manufacturer. The methods employed for its production

are all more or less based upon the well-known Siemen's tube.

Generally speaking, air and not oxygen is ozonised, the air to

be ozonised being freed from dust and from excess of moisture,

the last of which causes formation of hydrogen peroxide. The
temperature should be kept as low as possible, because at low
temperatures oxides of nitrogen are less liable to be formed and
the quantity of atmospheric oxygen converted into ozone is

increased ; indeed, some manufactuters cool the air down to

4° C. before subjecting it to the electric discharge. For con-

venience of use the ozone is generally compressed into iron

cylinders under a pressure of from four to five atmospheres. It

is used for refining and bleaching linseed and palm oils, and for

the manufacture of oxidised oil for linoleum. Brewers are often

troubled with fouling of the beer barrels ; this seems to be due
to the growth of a fungus which often penetrates the wood to a

considerable depth, so that ordinary methods of cleansing fail to

remove it. The oxidising action of ozone has been successfully

employed to remove this growth, the method being to alternately

steam and ozonise the casks. It has also been utilised to remove
fusel oil from alcohol, in the purifying of water, the refining of

sugar in place of animal charcoal, and in a great variety of other

manufacturing processes.

It is well known that synthetical diamonds have been obtained

Dy means of the electric furnace ; charcoal obtained from sugar

is rammed into a wrought iron cylinder, which is then closed

with a plug. The cylinder so filled is placed in a bath of molten
iron kept at a high temperature in an electric furnace, after

which the crucible which contains the iron is rapidly cooled by
immersion in melted lead. On dissolving the iron in acid

minute diamonds are obtained. It was a question whether here

we had a case of simple crystallisation of the carbon from the

molten metal on cooling, or whether the enormous pressure

which was exerted upon the interior of the mass by the rapid

cooling of the outside acting upon the carbon at a high tempera-

ture caused the formation of crystals of diamond. An ex-

ceedingly ingenious experiment which has been carried out by
Majorana shows that at any rate the influence of high pressure

and high temperature combined is sufficient to convert amorphous
carbon into the crystalline variety. Majorana's experiment is

as follows :

—

A cylindrical chamber, A (Fig. i), is hermetically closed at

the top by a soHd block of iron, E, the bottom by a solid piston,

s. The sides of the chamber are made of tempered steel, and
to further strengthen it the chamber is surrounded by fifteen

iron rings i cm. thick, which are bolted together. The whole
system is placed within an hexagonal frame, K, also made from
iron plates. The piston, s, has a small solid iron cylinder about

I cm. in diameter attached to it, at the end of which is fastened

a small piece of carbon, c, about 2 grms. in weight. Directly

below the piston a thick block of iron, /, is fixed, into which a

hole exactly the size of the small end of the cylinder has been
drilled. In carrying out the experiment the carbon is heated

by means of the two carbon poles, D, d', with a current of 25
amperes and 100 volts. When the carbon has become white-

hot, 70 grms. of gunpowder contained in the chamber A is

exploded, the piston being driven down, carrying the heated
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carbon before it and compressing it with enormous force. On
taking the system to pieces the carbon is found to have been
partially converted into microscopic diamonds, which when
freed from unchanged amorphous carbon are found to possess

all the characteristics of natural diamonds.
Reference has already been made to the importance of the

manufacture of calcium carbide ; another carbide, that of silicon,

is now being manufactured in considerable quantities, and,
owing to its extreme hardness, is being employed in place of

emery for polishing steel and making grindstones. This
carbide, which goes under the name of "carborundum," is

manufactured by means of the electric furnace. An American
company at Niagara Falls employs furnaces capable of dealing
with ten tons of p^aterial, consisting of coke, sand, common
salt and sawdust, which yield two tons of carborundum in

twenty-four hours.' In the first half of the year 1897 it is stated

that in America alone 750,000 lbs. of carborundum were manu-
factured. Since the introduction of electricity to chemistry the
carbides of almost all the metals have been obtained, the
majority naturally being more of theoretical than of commercial
interest.

From the days of Leblanc, the founder of the soda industry,

perhaps no branch of inorganic chemistry has been more worked
at, or has better shown the results of patient toil and inventive
genius, than the alkali and bleaching industry. Only after many
attempts and many failures has the seemingly simple task of
electrolysing sodium and potassium chloride yielded results

which have enabled electricity to enter into competition with the
former methods of manufacture.

According to the manner in which the electrolysis is con-

ducted, a solution of potassium chloride may be converted into

chlorine and caustic potash, potassium hypochlorite, or into

potassium chlorate. If the electrolysis takes place at low
temperatures, a solution of hypochlorite is obtained, which may
without further treatment be used for bleaching purposes. The
difference in price between this solution and a solution of bleach-
ing powder is not very great, but the greater cleanliness and
purer bleaching action of potassium (sodium) hypochlorite make
it, when electric power can be easily obtained, at least a power-
ful competitor with bleaching powder. When the electrolysis

is conducted at temperatures from 60° and upwards, the bath
being kept slightly alkaline by addition of potassium bicarbonate
or lime, potassium chlorate is produced, which, owing to its

slight solubility in water, crystallises out, and by washing
readily freed from adhering chloride.

If caustic potash and chlorine are required, some aro^angement

must be made to prevent the liberated chlorine from again
reacting with the caustic potash formed at the same time.

Formerly, and still to a small extent, this was arranged by
means of a diaphragm which separated the anode from the

kathode. Owing, however, to the difficulty of obtaining a
pervious impervious diaphragm, i.e. one which allows the current

to pass, but is impervious to the solution, it is now more
general to electrolyse without a diaphragm. The method em-
ployed is one which was originally employed by Castner and
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ivellner, ihe kathode being a layer of mercury at the bottom of

the bath. On the current being passed, the potassium liberated

at the kathode dissolves in it, forming an amalgam, which as it

is formed is drawn off and run into pure water, the water being

decomposed, assisted by an auxiliary current, with evolution of

hydrogen and formation of caustic potash, which is obtained in

the pure condition by evaporation. Carbonate of potash may
be prepared by passing a stream of carbonic acid gas into the

caustic liquors before evaporation. In commerce, naturally, it

is more general to electrolyse the cheaper sodium chloride, at

any rate, in this country. Strontium and barium chlorate are

also manufactured by electrolysis of their chlorides.

It has been found possible to prepare painters' colours by
electrolysis, e.g " while lead" is obtained in a very pure con-
dition by electrolysing a dilute solution of sodium chlorate and
carbonate, the electrodes being of lead. If the sodium carbonate
is replaced by sodium chromate, a neutral lead chromate is

produced, an acid chromate being formed by cautious addition
of a solution of chromic acid during the electrolysis.

To attempt to mention, much less to describe, the enormous
number of inorganic compounds and elements which have been
prepared or isolated by the aid of electricity, would be, in an
article such as this, impossible ; but .sufficient examples have
been given to show the importance of electrical processes in this

branch of chemistry.

Turning now to organic chemistry, we notice that, although
a vast amount of work has been done, it is more of theoretical

interest than of technical value. But now that the initial

difficulties have been to a large extent overcome, and the inanner
in which the reactions take place is better understood, it is

probable that shortly this branch of manufacturing chemiMry
will also undergo a revolution in the hand of the electro-chemist.

As a means of synthesis and of proving the formula of substances,
electrolysis has been, and is, of great value to the organic chemist.
Thus on electrolysing a solution of an alkaline acetate, ethane
is produced ; whereas by employment of a succinate, ethylene is

formed, a solution of fumaric acid yielding acetylene. These
are, of course, simple cases ; but even that seemingly unsolvable
problem, the constitution of camphoric acid, has been attacked
by Walker, and by means of electrolysis of it and its derivatives
he has obtained results which must be of great value in ulti-

mately deciding what is the correct formula for this substance.
Iodoform can now be produced in a state of great purity by

electrolysing a solution of potassium iodide and sodium carbonate
to which alcohol has been added. On electrolysis, employing
electrodes of platinum, iodine is continually set Iree at the
anode, and coming in contact with the alcohol at the moment
of its lil)eration produces iodoform. As the reaction proceeds
some of the iodine becomes converted into hydriodic acid, and

' this combines with the alkali liberated at the kathode, or which
has been added to the bath, potassium iodide being regenerated,
which by the further passage of the current is again split up.
The process is a continuous one, the iodoform being from time
to time removed and a further quantity of alcohol, potassium
iodide and sodium carbonate added. It is interesting to note
that the alcohol cannot be replaced by acetone, as in this case
only a very small quantity of iodoform is produced. Chloroform
and bromoform have not been successfully prepared by this
method. Chloral can, however, be produced by electrolysis of
a solution of potassium chloride at ioo°, to which alcohol is

from time to time added.
By the electrolysis of nitrobenzene in a strongly acid alcoholic

solution, aniline is produced. If the nitrobenzene is suspended
in concentrated hydrochloric acid, ortho- and para-chloraniline
are formed. By electrolysis under other conditions, azobenzene,
hydrazobenzene or azoxybenzene are obtained.
By the electrolytic oxidation of aniline, dye products can be

obtained the nature of which depends upon the solution em-
ployed, the .strength of the current and the material of the
electrode, e.g. if an aqueous solution of aniline hydrochloride,
which may be either acidified with sulphuric acid or be practi-
cally neutral, is electrolysed, platinum electrodes being em-
ployed, a green precipitate is produced at the anode, which
becomes violet, bluish-violet and finally almost black, practically
the theoretical quantity of aniline biack having been formed.
If the aniline contain toluidine, then mauveaniline, rosaniline,
&c., are produced.

Attempts have been made to obtain alizarine by electrolysis
of anthraquinone in strong alkaline solution ; indeed, small
quantities are said to have been obtained.
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It has even been found possible to utilise electricity in the
dyeing of cloth. When, e.g. a piece of cloth is soaked in a
solution of aniline sulphate and placed between two metal
plates, which are connected with opposite ends of a dynamo,
and the current passed, the aniline sulphate is converted into
aniline black ; indeed, by altering the strength of the solution
and the density of the current, shades varying from green to
deepest black can be produced.

In the case of indigo the cloth is thoroughly impregnated
with a thin paste of indigo-blue and caustic alkali ; it is then
placed between two metal electrodes. On the current being
passed, the insoluble indigo-blue is converted by reduction into
the soluble indigo-white, which on exposing the cloth to the
action of air becomes again oxidised and the material dyed blue.

Patterns may be printed on the cloth by cutting or stamping the
plates in relief, or by connecting one pole to a metal plate and
the other to a metallic pencil, when patterns, «S:c., can be readily

sketched upon the material (Goppelsrueder).

Such processes as have been described in these articles appear,
when seen in print, as extremely simple. Theoretically they
may be so ; but in practice, the carrying out of these seemingly
simple operations is often attended by great difficulties. For
example, the temperature must not ht allowed to rise too high
or fall too low. The quantity of current and its potential
require often to be kept within extremely narrow limits, as the
following simple example illustrates.

Silver and copper can be separated by means of electrolysis,

the silver alone being deposited if a very low current density
(•10 ampere) is employed, whereas with a higher density ("50-

I'O ampere) the copper is deposited. Naturally, then, if at the
commencement of the operation the higher current density is

employetl, both metals will be deposited together. Many of
the difficulties to be overcome are to a large extent engineering.
And it is to a considerable extent due to collaboration of chemis s

and engineers that the science of electro-chemistry has become
what it is.

Electro-chemistry is quite in its childhood, but it is making
marvellous and rapid progress. Works dealing with technical

chemistry but a few years old require to be revised, owing to the
alterations which this branch of chemical industry has brought
about.

It is humiliating to realise that in this country there is hardly
a book on the subject to be obtained, and in most cases even
these are only translations from Continental works. And it is

to be feared that unless this branch of chemistry becomes more
studied than it has been up to the present, we shall find in the
near future that electro-chemistry, both theoretical and practical,

is the property of Ainerica and the Continent.

F. MOLLWO Perkin.

ROAD LOCOMOTION.^
T^HE author commenced by s.iying that the subject or

mechanical propulsion upon cominon roads had now
reached a point when it deserves the very careful consideration

of mechanical engineers.

For many years the uses and importance of the traction

engine have become more and more reco.^nised, but its work
covers only a portion of the field for mechanical propulsion on
roads, and he went on to consider what has led to a general
revival of a movement for lighter road-locomotives which about
seventy years ago, in the days of Hancock and Gurney, reached

a point that for a time appeared to be leading to permanent
results of the most important kind, but which ended in com-
plete failure. In one sense this revival is undoubtedly due to

the passing of the Locomotives on Highways Act in 1S96,

previous to which, for more than twenty years, a law had
existed which made it impo.ssible for any self-propelled vehicle

to proceed at a rate of more than four miles an hour. The
immediate cause of the passing of this Act was the attention

aroused in this country by the successful introduction of the

motor vehicle for purposes of pleasure in France. The real

causes of the present movement were probably to be traced to the

gradual feeling amongst all classes of the community that modes
of transport, both for purposes of pleasure and business, on the

roads had not kept pace, or indeed had made little progress at

all, compared with the great changes which had been effected

1 .Abstract of a paper read before the Institution of Mechanical Engineers
by Pi of. Hele-Shaw, F.R S., April 26.
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in speed, comfort and convenience, in the direction of locomo-
tion by rail.

The author went on to consider at some length the question

of the conveyance of goods, and by means of a graphical dia-

gram showed that up to forty miles motor vehicles, owing to the

terminal charges, might compete with railways. The hygienic
question and growing difficulties of traffic in large cities was
next touched upon. Next the difficulties of the problem were
considered, and it was shown that these difficulties were very
great ; and so far from the success of the railway system being an
argument in favour of the immediate development of locomotion
by road, the conditions of the problem were such as to involve
improvement exactly in the opjrasite direction to that in

which the railway locomotive has been successfully developed.
No doubt the progress of invention would enable a greater

amount of power from a given weight of motor to be obtained
;

but the surface to be moved over, which is the real difficulty of
the road locomotive, would remain the chief factor of the problem.
The first section of the paper was therefore devoted to the

mechanical problem of the behaviour of the wheel upon the
road, and the progress which has been made in this direction.

Under this head the whole question of resistance upon the
road was treated, and the author made a strong point of the fact

that there was very little data available for determining resist-

ance upon roads at the high speeds now permissible, and with
different kinds of tyres now in use. He gave diagrams of horse-
power curves of resistance adapted to English measures from
the " Tableaux Numerique et Graphique " of MM. Borame and
Julien, and a series of graphical results taken with the Viagraph
of Mr. Brown, showing the nature of the shocks to a vehicle by
roads of macadam, stone, asphalte and wood.
The subject of pneumatic tyres was then discussed, and also

the question of wheels suitable for heavy traffic, and illustra-

tions of a number of improved types of wheels for this purpose,
which had been invented during the last year or so, were given.

With any existing system in which four wheels are used, it

was shown that the problem of road locomotion was difficult

because of the concentration of the load upon such a limited
area of support. Even for heavy traffic the pneumatic tyre

rnight come into use in the future as it extends the area of re-

sistence by yielding, so that the surface in contact is much
greater than in the case of an iron-rimmed wheel, especially

when running over stone sets or hard ground.
Beyond this, it is quite conceivable that, just as in railways

the number of wheels has been largely increased until a modern
bogie carriage has commonly twelve wheels supporting it, it

may be found economical to support a motor vehicle also upon
a much greater number than at present.

The steering of motor vehicles, which was the subject of the
next section of the paper, is evidently a very important part in

their design, and it may at once be said that with one or two
exceptions the great majority of motor vehicles are steered
upon the principle which was invented by Ackermann as long
ago as 1818. The essential principle of the Ackermann system
consists in replacing the pivoted fore carriage of an ordinary
vehicle which has one axle for the two wheels, by two short
pivoted axles each carrying one of the steering wheels. The
conditions of correct running of the wheels are that when their

plane is turned, their normals intersect on a point on the line of

the axles of the driving wheels. The paper then went on to

describe the various modifications of the Ackermann system.
The next section of the paper was devoted to a consideration

of motive power and its transmission to the wheels, and under
this head the particular uses and advantages of oil, steam and
electricity were considered ; although these various agencies
have at the present moment fairly well recognised spheres of

operation this must be by no means regarded as the final con-
dition of things, or as giving a limitation to the employment of

each of these types of motive power. Thus, although at present
oil-engines are used for light motor vehicles and steam for heavy
traffic, there are very ingenious steam motor-cars both in this

country and abroad, while light oil-engines have been applied in

France and also in this country in connection with heavy traffic.

Oil-engines, or internal-combustion engines, have by a pro-

cess of the survival of the fittest been found so far best suited

for light motors and pleasure vehicles. The cycle of the gas-

engine is really complex, but these motors have been brought to

a high state of perfection, so that upon being started they are
found to work for long distances without any attention. If

really well designed and constructed, and used with a moderate
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amount of care, they need little repairs or adjustment, while
the objection of smell, vibration, and danger from the use of
light petroleum spirit with a low flash point, have all been much
reduced, while each year sees an increasing number of places ir>

town and country where petroleum spirit can be obtained.

Still the objections above-mentioned must be admitted to exist,

and this, together with the great expense of pleasure vehicles, ha&
to a certain extent hitherto prevented their introduction becoming
general. Again, an oil-engine, which has little elasticity in

regard to an increased demand for power when ascending a hill,

requires elaborate gearing for change of speed, which may be
after a time, if not at first when the car is new, a very noisy

and objectionable feature. Heavy-oil engines for internal com-
bustion have been tried for motor vehicles, but the difficulties of

starting and smell have not yet been satisfactorily overcome.
Steam, or external-combustion motors, require not only a

generator or boiler, but also a condenser, in addition to the
steam-engine itself. The latter is not used with all motors, but
in winter the cloud of steam which must be visible in damp
cold weather at a little distance from the exhaust, even if the
steam is superheated, really contravenes the Act, which states,

"No smoke or visible vapour must be emitted, except from any
temporary or accidental cause." Steam introduces a more com-
plicated array of pipes and fittings, and requires more attention

and skill in working, but it is highly probable that such im-
provements will be made in connection with steam motors, that

no skilled attendant will be necessary. There is already at least

one steam system which is entirely automatic, whilst others are

to a great extent so. It is not too early to speak as to the prac-

tical and commercial success of any of the systems using steam,

but if a condensing steam-engine, automatic in action, with a

boiler which is perfectly safe from any fear of explosion, car^

be produced, it may safely be predicted that there is a great

future before it, both for light and heavy traffic, as it would
have the advantages of great power and elasticity, freedomi

from smell, and if using heavy oil, or even coal or coke, would
be free from the danger and trouble incidental on the employ-
ment of light oil, especially abroad. Moreover, the ease with
which a steam motor can be started and stopped, and more
particularly reversed, cannot be over-estimated.

Fuels, other than coal, coke or oil, have been the matter of

careful consideration by motor-car designers. The most promis-

ing of these is acetylene, which, as derived from calcium carbide,

enables a much greater quantity of energy to be obtained from
a given weight of fuel ; but although it only requires one-fourth

of the weight of calcium carbide to produce a given amount of

work as compared with coke, the expense at present makes its

use commercially impossible.

Electrical motors are clean, extremely convenient and simple,

free from all vibration and danger and altogether an ideal type

of motor. The limitations in the use of electricity are, however,
very serious, and are discussed later in the paper.

The details of internal combustion motors are discussed under
the six headings upon which their success more or less depends,

viz. : (i) carburisation, (2) ignition, (3) starting, (4) govern-

ing, (5) balancing, and (6) cooling.

The subject of steam is then treated at considerable length,

and types of the more important steam heavy motor vehicles,

such as those of Thorneycroft, Simpson and Hodman, Musker,
Coulthard, Bayley and Clarkson and Capel are given, together

with various examples of water-tube and flash boilers, which
may be said to be the two types of boilers specially suitably for

motor vehicles on account of their high steaming capacity in

proportion to their small weight.

In considering the actual results which have been obtained by
motor vehicles, a distinction is made between pleasure vehicles

and those for the conveyance of goods. For the former, the

actual cost of working is not by any means the first consideration ;

in a large number of cases, in fact, the cost is comparatively of

small importance. Questions of comfort, durability and safety,

as well as freedom from liability to break down, are the chief

points to be considered. These matters can scarcely be summed
up except as the result of lengthy experience, and now un-

doubtedly that experience is gradually being acquired.

When we come to the question of goods traffic, the matter is

of course entirely one of cost, including not merely the outlay,

working and upkeep, but deterioration, which in road vehicles

is exceptionally heavy. Extended trials of actual working are

necessary for any final opinion of the relative merits of different

types of heavy motor vehicles, and the author has fortunately
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been able to secure much valuable testimony of this sort on the

subject.

A great deal, however, can be ascertained by careful trials,

such as those which have been undertaken on two occasions at

Liverpool (1S98 and 1S99), since measurements and data can be
obtained with a staff of observers for a limited period, which
could scarcely be secured in continuous working. The results

of these trials are given in tables and also statements by the

Chief Mechanical Engineer of the Lancashire and Yorkshire
Railway, on the working of a Thornycroft motor wagon ; the

Engineer-inChief, Mersey Docks and Harbour Board ; and the

City Engineer of Liverpool, on the working of Leyland motor
\\:igons ; and by Mr. Bryan Donkin, on the tests of motor
irriages at Richmond and Birmingham.
Looking at the whole question, it may be safely said that the

motor vehicle has come to stay, and that its uses, both in peace
and war, will rapidly and enormously develop. The public

interest which is now seen partly by the immense number of

patents taken out in connection with the industry, partly by the

great growth of literature on the subject, and by the formation
of automotor clubs, is not a mere transient thing, and although
the motor vehicle is at present still somewhat of a rara avis

«pon our roads, it may not be going too far to think that the

i

coming century will see a development of locomotion upon
roads comparable with the development of locomotion of the

railway in the century which, according to our individual views
of chronology, is either past or so very nearly past.

THE UNIVERSITY OF BIRMINGHAM.
'X'HE present position of the scheme for the establishment of
* a Midland University was explained by Mr. Chamberlain,

Chancellor of the new University, at the first meeting of the

Court of Gover nors, held on Thursday last. In the course of

his remarks, Mr. Chamberlain is reported by the Times to have
said that it was desired to create a great teaching University, in

which all who came to them for it should find efficient and com-
plete instruction in every branch of knowledge. Again, they

desired that their University should be a school of research.

They were firmly convinced that that was necessarj' if it was to

maintain its dignity and great position. They believed that

those were the best teachers who were themselves constantly

learning, and that without adding continuously to the common
stock of knowledge they would not be fulfilling their duties. In

order to secure those objects they ventured to ask for a further

endowment of a quarter of a million sterling. To-day they were
able to announce that they had already received promises of

330,000/., the amount having been largely increased by the

munificent donations of Mr. Carnegie, of an anonymous bene-

factor, of Mr. Charles Solcroft, and of Mr. George Kenrick.
They intended that their University should be a distinctive

University. In what he had hitherto indicated there vvas no-
thing original, nothing in which they were likely to specially

(litferentiate themselves from the other great Universities,

-])ecially from the modern Universities in this country and the

ler Universities of Scotland ; but they hoped that their

niversity would take some colour from its environment, that

it only would it be a school of general culture, but that it

iuld also practically assist the prosperity and welfare of the

strict in which it was situated by the exceptional attention

hich it would give to the teaching of science in connection with
- application to local industries and manufactures ; and this por-

: in of their task had turned out to be much greater, much more
sponsible, than they anticipated. They were encouraged in

luJertaking it by the gift of Mr. Carnegie, which was specially

be devoted to the creation of a college of science, following

anewhatthe example which had been set by the great colleges

1 the United States of America; and Mr. Carnegie followed
lis up by a proposal that a deputation from the intended Univer-
:iy should visit the chief seats of learning across the water.

Those who had read the report of the committee that had
sited Canada and the United States would begin to under-

md how it was that we were behindhand in the preparation
r that great struggle which must come, that commercial com-
•tition between nations in which the weakest would inevitably

> to the wall. For what did they find established both in the

nited States and in our own colony of Canada ? They found
leat institutions connected with a general University, with
lieges of science occupying large spaces, in which the area
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was counted by many acres, fully equipped with proper build-

ings, with the most modern and complete machinery, with the

latest scientific appliances, with laboratories for every con-
ceivable scientific purpose ; and in those great colleges a training

was given such as they desired to see imitated in this country

—

a training based, as all education ought to be, upon a foundation
of general culture, but specialised in its course, highly specialised

according to particular and separate work which each student

intended to undertake in life. As a result of this they began to

see how it was that in America the great commercial and
industrial undertakings, the manufacturers and inventors, found
no difficulty whatever in obtaining the services of as many young
men as they might require to manage and complete and develop
their undertakings, all of them ready when they left college,

not merely to deal with the ordinary routine and management
of a business, but to bring to it the latest discoveries and to

apply the highest science to its development. That was what
they wanted in Birmingham, and they would not have the

University which they all had in their minds until they had
accomplished it.

All that was wanted was money. The committee had pointed

out that to carry out this scheme with any completeness a
further sum, partly for endowment, partly for buildings and
machinery and appliances, of 155,000/. was required. He was
quite convinced, even from an incomplete examination of the

project, that they had under-estimated the cost. He thought
himself that another quarter of a million was the smallest sum
which they would require in order to put this portion of their

undertaking upon a thoroughly satisfactory basis. Well, they

must get it, and he anticipated that they would obtain it. He
anticipated that they would obtain it from two sources. No-
thing he thought was more striking to any one who had studied

educational progress in America and in our great colonies than

the readiness, the eagerness, with which men who had
acquired great wealth had been willing to devote a considerable

portion of it in sums to which we here, he was sorry to say,

were almost unaccustomed, to the promotion of the higher

education. It was the case in Canada, in the great Universities

of Montreal and Toronto ; it was the case in America, in

Cornell, in the Stamford University, in the Chicago University,

in the Columbia University ; and it was also visible in the great

donations which had been made to the elder Universities of

Harvard and of Yale. He could not doubt that the feeling that

no better application than this could be found for wealth would
grow among thein about Birmingham, and that although they

lived in a district which had hitherto not been remarkable f 'X

exceptional fortunes, yet which did contain many men of gre it

wealth. They also would find a tendency, from which the

University would derive advantage in the future, to make their

contributions towards such purposes as he had described. He
hoped that this might be the case, and he tlmught he might say

that he had confidence that it would be the case, and they might
expect before long that their funds would be largely increased

from some such source.

UNIVERSITY AND EDUtATIONAL
INTELLIGENCE.

Cambridge.—Mr. Chawner, Master of Emmanuel College,

has been re-elected Vice-Chancellor.

Mr. Frederick Harrison will deliver the Rede Lecture in the

Senate House on June 12, at noon. The honorary degrees

referred to last week will be conferred on the same day, at

3 p.m.

The Knightbridge Professorship is vacant by the resignation

of Dr. Sidgwick, who has been seriously ill.

Mr. L. R. Wilberforce, of Trinity College, has been elected

a University Lecturer in Experimental Physics in the place of

Mr. W. N. Shaw.
A grant of 50/. from the Balfour Fund has been made to Mr.

J. S. Budgett in aid of his researches on the development of

Polypterus.

Dr. AUbutt and Dr. Collingridge have been appointed dele-

gales to represent the University at the International Congress

of Hygiene and Demography to be held at Paris next August.

The 500th anniversary of the foundation of the University of

Cracow will be celebrated to-day, June 7. Representatives

will be present from most of the European universities.
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Mr. W. T. a. Emtage, principal of the Wandsworth
Technical Institute, has be n appointed Director of Public

Instruction in Mauritius. The post has been newly created,

and Mr. Emtage will have tlie oversight of all the educational

work under Government in ihe Colony. His first task will be

the organisation of a system of technical education.

At University College, London, Andrews Entrance Scholar-

ships of 30/. each have been awarded to Mr. L. Graham, of

Mason College, Birmingham, and to Mr. C. E. K. Mees, of St.

Dunstan's College, Calford. The Atchison Scholarship of 55/.

per annum for two years has been awarded to Mr. R E. Lloyd
for the greatest proficiency as a student of the medical facuUy

and the lio.spital during the past two years. The Bruce medal
has also been awarded to Mr. R. E. Lloyd for proficiency in

pathology and surgery.

The Senate of the University of London has resolved that

one sum of 100/. be oflfered as the Rogers Prize open for com-
pttition to all the members of the medical profession in Great

who, before entering the University, have attended an agri-

cultural school for two years will be exempted from this rule.

An illustrated prospectus of the courses of chemistry and
chemical engineering at the Massachusetts Institute of Tech-
nology has recently been received. The prospectus includes
descriptions of the various chemical laboratories, and the
accompinying illustration of the main laboratory of industrial

chemistry is of interest as indicating the provision made, in one
of the foremost technical institutions in the United States,

for work by students taking a general course in chemical
industries. The ordinary course in chemistry in the Institute

extends over a p.-iiod of four years, and embraces almost all

branches of chemical science. The aim throughout the whole
course of instruction is not only to impart the necessary
professional knowledge, but also to teach the student self reliance,

to accustom Him to habits of accurate thought and work, and to
in'>tuct him in the methods of investigation of new problems.
The course is designed primarily to prepare students for actual

Fig. I.— L.nboratory of Industrial Chemistry of the Massachusetts Ins : of Technology.

Piita'n and Ireland, for an ess? y upon the production of im-
munity in specific infective diseases generally ; and with par-

ticular reference to any one disease on which the writer of the

essay has made original investigations. The essay is to be sent
to the Registrar, University of London, South Kensington,
S.W., on or before June i, 1901.

The Yorkshire College, Leeds, is now one of the university
centres that grant a degree to students of agriculture. At a
meeting of the Court of Victoria University (on May 3) a report
of the Council recommending the inclusion of agriculture as a
.-ubject for the B.Sc. degree was adopted. Among other
lequirements, the scheme provides that students before taking
their degree must conduct at an experimental farm controlled by
a College of the University an experiment on some agricultural
subject, and submit a report of the same. On'y those students
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work in connection with manufactures based on chemical

principles, but it provides also for those who expect to become
teachers of chemistry, and for those who intend to devote them-

selves to scientific research. The object of the instruction in

industrial chemistry is to set before the students a.s fully as

po.«sible the present status of the chemical industries. The
laboratory instruction includes the preparation of pure chemicals,

and the refinement or purification of technical products, by

industrial processes. Among the processes carried out in the

laboratory are the manufacture of dyers' mordants, soaps,

phosphates from bone ash, and soda crystals ; and also the

preparation of salts of ammonium, barium, calcium, iron, copper,

tin, chromium, &c., from minerals or other crude material. In

addition, about eighty lectures are given on the most important

industrial processes, and excursions are frequently made to

manufacturing establishments.
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SOCIETIES AND ACADEMIES.
London.

Chemical Society, May 17.—Prof. Thorpe, President, in

the chair.—The following papers were read:—The chlorine

derivatives of pyridine. VI. The constitution of some amino-
chloropyridines, by W. J. Sell and F. W. Dootson.—Ortho-
substituted nitrogen chlorides and bromides, and the entrance of
halogen into the ortho-position in the transformation of nitrogen
chlorides, by F. D. Chattaway and K. J. P. Orton. When
phenylacetyl nitrogen chloride undergoes transformation, a
mixture of 95 to 96 per cent, of para- with 4 to 5 per cent, of

ortho-chloroacetanilide is produced.—Ammonium imidosul-

phite, by E. Divers and M. Ogawa. A crystalline ammonium
imidosulphite, NH(SO.iNH4).2 is obtained on allowing am-
monium amidosulphite to decompose below 35° in a current

of hydrcgen or nitrogen.—The constitution of ethyl sodio-

cyanacetate and of ethyl methylsodiocyanacetate, by J. F.

Thorpe. The reactions of ethyl sodiocyanacetate and;'of ethyl

methylsodiocyanacetate are best represented by the formulie

CN.CH:C(ONa)OEt and CN.CMe:C(ONa)OEt respectively.
— The oo,6)3-tetramethylglutaric acids, by J. F. Thorpe
and W. J. Young. Ethyl sodiocyanacetate reacts with
ethereal iodine solution, yielding ethyl iodocyanacetate, and
under certain conditions gives an unstable diiodide which
reacts with the excess of ethyl sodiocyanacetate giving ethylic

CH(CN).C02Et
dicyanosuccinate,

| . Ethyl methylsodiocyan-
CH(CN)-COoEt

acetate reacts with iodine, forming ethyl methyliodocyanacetate
which condenses with ethyl dimethylacrylate, giving the salt

COoH.CH(CN).CMe2.CHMe.C02Et; the latter on distillation

gives ethyl a-methyl-/85-dimethyl-7-cyanobutyrate,

CH,(CN).CMe.2.CHMe.C0.2Et,

and this when hydrolysed yields oj85-trimethyIglutaric acid.

The preparation of cis- and /ra«i--o;8;3oi-tetramethylglutaric acid

is also described.—)3-Isopropylglutaric acid and the cis- and
/ra«^-methyHsopropylgIutaric acids, by F. H. Howies, J. F.

Thorpe and W. Udall.—Methyl iodide acts on the sodio-

derivative of the product resulting from the condensation of ethyl

sodiocyanacetate with ethyl /3-isopropylacrylate, yielding ethyl

a-cyano-o-methyl-3-isopropyIglutarate. The latter on hydrolysis

yields ultimately /'/a«j--a-methyl/3-isopropylglutaric acid and its

imide ; the imide is converted into the m-acid by heating with sul-

phuric acid.—The racemisation of optically active tin compounds.
Dextrpmethylethylpropyl tin dextrobromocamphorsulphonate,
by W. J. Pope and S. J. Peachey. Optically inactive methylethyl-

propyl tin iodide is wholly converted into dextromethylethyl-

propyl tin dextrobromocamphorsulphonate by treatment with the

silver salt of the acid and evaporating the filtered solution ; the

new salt has the molecular rotatory power [M]„= -f 3 18° in dilute

aqueous solution, but after heating and cooling the solution

the value [M]n falls to 4- 273°, which is the value [M]d of the

acid in aqueous solution. After evaporating the solution to dry-

ness and making up to the original volume by dissolving the

residue in cold water, the value [M]d= -f 315° was obtained.

It is thus proved that the asymmetric tin radicle

(CH3)(C2H5)(C3H,)Sn-

be easily racemised and easily converted into one
illy active component.—Racemic and optically active

is of isoamarine, by H. L. Snape. The author has resolved

^tically inactive isoamarine into its optically active components
crystallising its tartrate ; the dextro-base has the specific

itory power [a]D= + 62 '02°. The crystals of the optically

tive bases are orthorhombic and sphenoidally hemihedral.

Xinnean Society, May 3.—Mr. C. B. Clarke, F.R.S.,
•President, in the chair.—Mr. H. E. Smedley exhibited a

iber of botanical wax models prepared on an enlarged scale

show the morphological structure and also the process of

woduction in various types of plants.—Mr. J. E. Harting
iibited and made remarks on some skins of willow grouse

llected by Prince Demidoff on the N.W. border of Mongolia
tween Alta Mountains and the Kobdo River.—On behalf of

[iss E. S. Barton, the Botanical Secretary read a paper on a

species of Halimeda from Funafuti ; and on behalf of

A. L. Smith, a paper on some West Indian fungi, with

iptions of a new genus and species.

[May 24. Anniversary Meeting.—Dr. A. Gunther, F.R.S.,

ident, in the chair.—The following were elected into the
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Council :—Mr. Clement Reid, Dr. D. H. Scott, Rev. T. R. R.

Stebbing, Prof. S. H. Vines, and Mr. A, Smith Woodward

;

and as President, Prof. Sydney Howard Vines, F. R. S. ;

Treasurer, Mr. Frank Crisp ; Secretaries, Mr. B. Daydon
Jackson and Prof. G. B. Howes, F.R.S.—The retiring President

then delivered his annual address, choosing for his subject,
" The unpublished correspondence of William Swainson with
contemporary naturalists (1806-1840)," lately acquired by the

Society.^The Gold Medal of the Society was then presented
to Prof. Alfred Newton, F.R.S., in recognition of his important
contributions to zoological science.

Royal Microscopical Society, May 16.—Mr. Carruthers,

F.R.S., President, in the chair.—Mr. Chas. Baker exhibited

two microscopes ; one made specially for critical work was fitted

with eye-pieces of the Society's new Standard gauge. No. 3, of

r27 in. The other instrument, named the "Plantation"
microscope, was designed for use in the tropics for the purpose
of discovering the ova of internal parasites. Dr. Hebb said a
paper had been received from Mr. Millett, being Part viii. of

his report on the Foraminifera of the Malay Archipelago.

This, as on former occasions, would be taken as read.

—

E. M. Nelson read a paper on the lag in microscopic vision,

which he illustrated by diagrams and a series of tables showing
the proportionate values of the performance of various objectives

under eye-pieces of different powers. In the case of an apochro-
matic objective of fine quality, the degree of merit was shown to

range from 147 with a low eye-piece, to 77 with a deep one,

but the difference was more marked with ordinary dry achro-

matic lenses. Mr. Nelson's experiments had shown that in

respect to the lag, microscopes with short tubes had some ad-

vantage over those with long tubes. Mr. Nelson also read

a paper, for Mr. E. B. Stringer, on a new form of fine adjustment,

a microscope by Messrs. Watson and Son, fitted with the

arrangement, being exhibited. Mr. Nelson said that its working
seemed exceedingly good. As the fine adjustment was placed

just behind the body, the limb could be made of any length

without putting additional strain upon the screw, a matter which
would be of great advantage in microscopes made for examining
large sections.—In announcing the adjournment of the meeting
until Wednesday, June 20, the president said he hoped then to be
able to submit and explain a series of lantern slides representing

minute structure of some Palaeozoic plants.

Paris.

Academy of Sciences, May 28.—M. Maurice Levy in the

chair.—Formation of nitric acid in combustions, by M.
Berthelot. When sulphur is burnt in the calorimetric bomb in

compressed oxygen under a pressure of twenty-five atmospheres,

.some nitrogen also being present, nitric acid is formed in

quantities amounting to about -001 of the sulphur present. At
atmospheric pressure the amount of nitric acid formed is much
reduced. With metals such as iron and zinc no nitric acid is

formed.—Preparation, properties and analysis of thionyl

fluoride, by MM. H. Moissan and P. Lebeau (see p. 137).

—On the laws of specific heats of fluids, by M. E. H.

Amagat. The formula -^ = - AT^ is applied to find the

relation between the specific heat and pressure of carbon

d oxide. The values o ^^ and -^-i were found graphically

from the experimental data, and the results are given in the

form of curves.—On some remarkable sub-groups of a group of

substitutions or transformations of Lie, by M. Edmond Maillet.

—On partial differential equations of the third order which

admit of an intermediate integral, by M. A. Guldberg.—

Formulce giving the volumes of saturated vapour and the

maximum pressure, by M. H. Moulin. The formulDe deduced

from theoretical considerations by the author are compared with

the experimental data of Young, Tate and Amagat for benzene,

fluorbenzene, carbon tetrachloride, ether, acetic acid, methyl

alcohol, water and carbon dioxide with satisfactory results.—

The energy absorbed by condensers submitted to a sinusoidal

difference of potential, by M.M. H. Pellat and F. Beau-

lard.—The transparency of some liquids for electrostatc

oscillations by M. A. de Heen.—On some photochemical

effects produced by the wire radiating Hertzian waves, by M.

Thomas Tommasina.—On a lithium peroxide, by M. de

Forcrand. Since the combustion of lithium in oxygen gives
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only traces of a peroxide, attempts were made to prepare

lithium peroxide in the wet way, by the action of hydrogen
peroxide upon solutions of lithium salts. A thermochemical
study of the products showed that some Li^Oj is formed in this

way.—On the unknown earths contained in crude samaria, by
M. Eug. Demar9ay. The oxide isolated contains neither

samarium nor gadolinium, and is of an atomic weight between
these two elements. The chief lines of the spark and absorption

spectrum are described.—The reduction of erythrulose and the

preparation of a new erythrite, ^-erythrite, by M. Gabriel

Bertrand. Ordinary erythrite is easily oxidised by the sorbose

bacterium to the ketone erythrulose,

CH2(OH).CO.Cn(OH).CH20H,

and this on treatment with sodium amalgam gives a mixture of

two erythrites, one identical with the original inactive erythrite,

the other, separated by means of its acetal, is active, possessing

a rotatory power [a]°= -4° 76.—Action of cyanogen chloride

upon acetone- dicarboxylic ethyl ester, by M. Juvenal Derome.
The cyano-derivative produced,

(CO2C2H5).CH.CN . CH2(C02C2Hs),

readily forms metallic salts, the hydrogen adjacent to the

cyanogen group being replaced.—On the metallic combinations

of diphenylcarbazone, by M. P. Cazeneuve.—Osmotic pressure

of the egg and experimental polyembryony, by M. E. Bataillon.

—On the sub-fossil Lemuridge of Madagascar, by M. Guillaume
Grandidier.—On the discovery of a cave containing animal re-

mains at Bains-Romains, near Algiers, by MM. E. Ficheur and
A. Brives. The remains found include the bones of the species

Bubahis, Bos, Ceivus, Antilope, Hippopotamus, Rhinoceros and
Equus. The presence of man was indicated by a molar, flint

heads, and the presence of calcined bones.—Mode of action of

antileucocytic serums upon the coagulation of the blood, by M. C.

Delezenne. The mode of action appears to be identical with

that of a peptone, the intravenous injection of a leucolytic agent

being the same in all cases, the destruction of the white cor-

puscles circulating in the blood.—On the restoration to life

obtained by the rhythmical compression of the heart, by MM.
Tuffier and Hallion. A claim for priority against M. Batelli.

DIARY OF SOCIETIES.
THURSDAY, June 7.

LiNNEAN Society, at 8.—On a Viviparous Syllid Worm : E. S. Goodrich.

—On the Genera Phseoneuron, Gilg., and Dicellandra, Hook f. : Dr.
A. Itapf.—On the Structure and Affinities of Echiunis nnicinctus :

Miss Embleton.
Chemical Society, at 8.—Diphenyl- and Dialphyl-ethylenediamines,

their Nitro-derivatives, Nitrates, and Mercurochlorides : W. S. Mills.

•^Condensation of Ethyl Acetylenedicarboxylate with Bases and /3-

ketonic Esters : Dr. S. Ruhemann and H. E. Stapleton.—The Constitu-

tion of Pilocarpine : Dr. H. A. D. Jowett.—The Nitrogen Chlorides

derivable from w-Chloroacetanilide and their Transformations : Dr.

F. D. Chattaway, Dr. K. J. P. Orton, and W. H. Hurtley.—Derivatives
of Cyanocamphor and Homocimphoronic Acid : Dr. A. Lapworth.

RoNTGEN Society (St. Bartholomew's Hospital), at 8.—Dr. Lewis Jones
will show an Influence Machine of American design.—Mr. James Wims-
hurst, F.R.S., will give a short statement of his work in the design and
the perfecting of the several forms of his Influence Machine.—Dr. R^my,
of Paris, will show a new Localising Apparatus.

FRIDAY, June 8,

Royal Institution, at 9.—The Effect of Physical Agents on Bacterial

Life : Dr. Allan Macfadyen.
Physical Society, at 5.—On the Magnetic Properties of Iron and
Aluminium Alloys, Part II. : Dr. S. W. Richardson.—Note on
Crystallisation produced in Solid Metal by Pressure : W. Campbell.—
On the Viscosity of Mixtures of Liquids and of Solutions : Dr. C. H.
Lees.

Royal Astronomical Society, at B.—Note on a Meteoric Shower
South of Corvus : W. F. Denning.—Theory of the Motion of the Moon,
Part III. Chapter vi. : Ernest W. Brown.—The Solar Eclipse of 1900

May 28 observed at Stonyhurst : Rev. W. Sidgreaves.—The Solar Eclipse

of iQoo May 28 observed at Norwich : G. J. Newbegin.—The Total Solar

Eclipse of 1900 May 28 observed at Navalmoral, Spain : Rev. S. J.

Johnson. Probable Papers : Description of the Durham Almucantar :

R. A. Sampson.—The Cause of the Shadow Bands seen in connection

with Total Eclipses of the Sun : G. Johnstone Stoney.

Malacological Society, at 8.—Note on Two Apparently Undescribed

Species of Bensonia : W. T. Blanford.—The Non-marine Mollusca of

Norfolk Island : E. R. Sykes.—Among the Exhibitions will be Specimens
of Vobitilithes abyssicola, Eburna papillaris, and Bullia aKtiulata from

South Africa, also Cypraea nigricans, together with other New Cale-

donian Cowries : G. B. Sowerby.—Dissections of the Genitalia of Acavus :

W. B. Randies.
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MONDAY, June ii.

Soc^ETY OF Chemical Industry, at 8.—The Maintenance of Aeratior»
as a Standard of Purity of Sewage Effluents : W. J. Dibbin and G.
Thudichum.—The Composition and Determination of Cerium Oxalate r
Dr. Frederick B. Power and Frank Shedden.—The Production of Nitrate
of Soda in Chili : F. G. Welch.

TUESDAY, June 12.

Anthropological Institute, at 8.30.
Royal Photographic Society, at 8.—The Construction of Photographic

Objectives : Mathematical Investigation : H. L. Aldis.

THURSDAY, June 14.

Royal Society, at 4.—Election of Fellows. At ^.-^o.—Probable
Papers : Some New Observations on the Static Diffusion of Gases and
Liquids, and their Significance in certain Natural Processes occurring in
Plants : H. T. Brown, F.R.S., and F. Escombe.—The Electrical Effects
of Light upon Green Leaves (Preliminary Communication) : Dr. A. D.
Waller, F.R.S.'—The Exact Histological Localisation of the Visual Area
of the Human Cerebral Cortex : Dr. J. S. Bolton.—The Diffusion of
Ions produced in Air by the Action of a Radio-active Substance, Ultra-
violet Light and Point Discharges: J. S. Townsend.—Data for the
Problem of Evolution in Man. V. On the Correlation between Duratiorr
of Life and the Number of Offspring : Miss M. Beeton, G. U. Yule, and
Prof. K. Pearson, F.R.S.—On an Artificial Retina and a Theory of
Vision, Part I. : Prof. J. C. Bose.

Mathematical Society, at 5.30.—Some Multiform Solutions of the
Partial Differential Equations of Physical Mathematics and their Appli-
cations, Part ii.: H. S. Carslaw.—Some Quadrature Formula: W. F.
Sheppard.—Notes on Concomitants of Binary Quantics : Prof. 'ElHott,

F.R.S.—Extensions of the Riemann-Roch Theorem in Plane Geometry :

Dr. Macaulay.—On the Invariants of a certain Differential Expression
connected with the Theory of Geodesies : J. E. Campbell.—On the Con-
stants which occur in the Differentiation of Theta Functions : Rev. M,
M. U. Wilkinson.
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MALA Y MAGIC.
Malay Magic; being an Introduction to the Folklore and
Popular Religion of the Malay Peninsula. By W. W.
Skeat. Pp. xiv + 685, and numerous plates and illus-

trations. (.Macmiilan and Co., Ltd., 1900.)

THE object of this interesting and important work is

set forth on the title-page with such clearness that

the reviewer and reader are spared some trouble in de-

fining it, and it is pleasing to be able to say that the

author exhibits the same clearness throughout the

hundreds of pages which he has devoted to the discussion

of his subject. Speaking broadly, Mr. Skeat's volume is

divided into six sections or chapters, which indicate by

their length the relative importance of the matters of

i which they treat, and the well-chosen illustrations do

much to enlighten the reader of the work on many points

which do not fall naturally under the heading of facts of

folklore. Mr. Skeat's book differs greatly from the works

on folklore which appear from time to time, for it con-

tains, not only what seems to us to be an exhaustive state-

ment of facts which he has collected and arranged with

care and discretion, but a series of deductions made after

due consideration of the general principles which have,

consciously or unconsciously, guided man in all ages and
in all countries in working out theories as to the relations

which exist between the animate and inanimate in nature.

Many travellers and sojourners in foreign lands and
remote islands have written books on the folklore of their

inhabitants, but the greater number of them have been

characterised by haste, and by a lack of knowledge of

the fundamental facts of primitive anthropology. More-
over, it has frequently happened that, although their

writers have given their facts correctly, they have not

given all that might have been given had their own
knowledge of them at first hand been sufficiently good to

! draw forth from the natives all that might have been ex-

I
tracted from them. Mr. Skeat has given abundant time

! to his subject, and as he has relied for guidance in diffi-

cult matters upon such works as Prof. E. B. Tylor's
" Primitive Culture," the non-expert will feel that he is in

safe hands. Mr. Skeat's years of residence in the Malay
States gave him unwonted facilities for collecting in-

formation, and his official position and knowledge of the

native dialects enabled him to make the fullest use of his

opportunities. Another fact must be remembered. The
influence of the West upon the East grows stronger every

year, and the systems of the white man and government
according to modern Western ideas, which, sooner or

later, he invariably succeeds in imposing upon the

coloured man, are not favourable to the preservation of

native superstitions and beliefs. Little by little they are

set aside, and eventually they disappear ; thus frequently

it happens that information which the student of com-
parative folklore would consider priceless for his studies

lost for ever. Mr. Skeat has done well in collecting

ich information in the Malay Peninsula whilst it is still

) be obtained, and we can only hope that other officials

ho have the time and opportunity for collecting an-
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thropological facts may emulate his devotion and

industry.

According to Malay views in general, the earth and

the sea were formed, each in seven stages, after the light,

which was an emanation from the Deity, , had become

the "world-ocean." The earth was surrounded by a

ring of mountains which kept it in its place, and served

as the abode for legions of spirits. This mountain is,

of course, the old Arab mountain of Kaf, from which, as

Yakiit says, " all other mountains are derived." Certain

sages, however, hold other views, and describe how the

Kdbah, or home of the famous Black Stone at Mekka,

the navel of the earth, was made immediately after God
made himself manifest by his tokens the sun and moon.

Next, the angel Gabriel killed the great serpent Sakdti-

muna, and the description of the subsequent disposal

of her body forcibly recalls the Babylonian account of

the fight between Merodach and TiSmat. In fact, it

seems pretty clear that Semitic cosmogonies have been

drawn upon by the Malay theologians for several of the

above theories. In shape, the earth is oval, and it

revolves upon its own axis once every three months.

Day and night are caused by the sun, which is a circular

body moving round the earth. The sky is made of

stone or "bedrock," and the stars are merely holes

which let light through from the place of light above.

An earthquake is caused by the buffalo which supports

the earth on its horns, throwing it from the tip of one

horn on to the tip of the other ; this buffalo stands on

an island in the midst of the nether ocean. The tides

are caused by a huge crab moving in and out of his

cavern, which is situated at the root of the Pauh Janggi

tree. Eclipses are the result of a monster dragon trymg

to swallow the sun and moon ; and indeed any untoward

movement in nature is attributed to the movements of

beasts of enormous size or dragons.

The appearance of man upon the earth is accounted

for in various ways, but it appears that all Malay ex-

planations of his origin are based upon Arabic legends

of the creation of man by Allah, who is said to have

fashioned him out of earth, air, fire and water. The
version of one legend, printed by Mr. Skeat on pp. 19-20,

with its mention of Michael, Gabriel and Izrafel, pro-

claims the source from which it was derived. The body
is composed of earth, air, fire and water, and with these

elements are connected four essences—the soul or spirit

with air, love with fire, concupiscence with earth, and
wisdom with water. But the works of Arabic writers on

such matters were not the only authorities consulted by
the early Malay philosophers, for Greek authors of

treatises on the composition of man are often quoted.

Passing over the consideration of the sanctity of the

body for want of space, we come to the mention of the

soul, which is described as a thin, unsubstantial human
image or mannikin, which is temporarily absent from the

body in sleep, trance and disease ; after the death of

the body, the soul departs from it for ever. It is usually

invisible, but it is supposed to be as big as the thumb,

and to resemble the body in shape, proportion and com-

plexion ; it is of an impalpable, filmy, shadowy substance,

and causes no displacement in the body into which it

enters. It possesses all the attributes of the body to

H
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which it gives life, and it suffers from all its disabilities ;

sickness is supposed to be caused by its absence from the

body, and the soul may be abducted from it by unlawful

means. The human soul is seven-fold, and it seems,

at times, as if each was independent, for in certain cere-

njonies an abode is provided for each. The idea that

a man possesses several souls is very old, and in Egyptian

religious texts it may be traced back to the period of

the earliest dynasties, about six thousand years ago.

The number seven is, of course, and always has been, a

magical number, and in ceremonies which are intended

to do good, as well as those in which the object is to do

evil, it plays a prominent part. In Babylonian and

Assyrian magical texts we find the seven evil spirits of

the deep, and the Mesopotamian underworld pos-

sessed seven gates ; it must not be forgotten, too,

the famous temple of Nebo at Borsippa, which tradi-

tion identifies with the Tower of Babel, was built in

seven stages.

When we come to discuss Malay gods, we find the

subject to be one of some difficulty. In the old religion,

which the Malay professed to throw off when he adopted

Muhammadanism,'his ideas had formulated the existence

of a large number of nature powers which closely

resemble the Hindu gods found in Brahmanism ; and

before he adopted these as the objects of his worship,

he seems to have peopled heaven and earth with myriads

of spirits. To this day, when in trouble, he cries out, not

to the Allah preached by Muhammad, nor to the deities

which the Brahman religion made known to him, but to

the evil spirits which his ancestors worshipped and feared

untold centuries ago. It has been the same in all ages and

in all countries, and the nations which become "converted"

to a new religion in reality only drop the observances

connected with their old faiths ; and although they may
tear down the shrines of old gods and build others to new
ones, they do not succeed in uprooting from their minds

the beliefs and ideas of which the overthrown shrines

were the outward and visible signs. In spite of the

teaching of Muhammad and the Brahman s, the Malay
still believes that every department of nature is presided

over by a " god " who must be propitiated by man, and

to be specially honoured and revered are such gods as

Batara Guru, Batara Kala, Batara Indra, and Batara

Bismu ; the greatest of this group is the first. It is interest-

ing to note that native influence has succeeded in intro-

ducing into the Malay pantheon a number of gods of the

sea, which from certain aspects are identified with older

terrestrial gods. Many of the Jinn, or evil spirits of the

Arabs, have been identified with old Hindu spirits, and

the view held by the Malay on the importance of such

beings may be gathered from the fact that it was believed

to be possible to buy them from the Shekh of the Jinh

at Mekka, at prices varying from ninety to a hundred
dollars each !

More than three-quarters of Mr. Skeat's volume are

occupied with a description of the magic rites which the

Malay connects with the various departments of nature,

and with the life of man. This is not to be wondered
at, for it is clear at a glance that there is no event in his

life, however trivial and apparently unimportant, which,

unless properly protected by magic rites and ceremonies,

may give hostile devils and fiends an opportunity for
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doing undreamed-of mischief to the wretched mortal

whom accident or design has left unguarded. We regret

that we cannot follow Mr. Skeat through his description

of birth-spirits and birth-ceremonies, and through the

whole period of a man's life from the cradle to the grave,

as sketched by him, for our space is exhausted, and the

reader can study for himself the curious Malay customs
which concern betrothals, marriages and deaths. Many
of them have their counterparts in other countries, but

not a few are peculiar to the Malay. As we read of

them we cannot help wondering how, if the pious Malay
fulfils all his religious obligations, he ever finds time to

do anything else. It is improbable in these days that

many men are found who are able to carry out all the

religious performances enumerated by Mr. Skeat, and it

is much to be hoped that the influence of the English

will drive many of them out of existence. Meanwhile a
good and careful record of Malay sorcery, witchcraft and
demonology, which is invaluable for the study of com-
parative religion and folklore, has been given us by Mr.

Skeat, and there is no doubt that he has laid anthropo-

logists and ethnographers and Oriental archaeologists

under a heavy debt of gratitude.

THE NANSEN NORTH POLAR EXPEDITION.
The Norwegian North Polar Expedition, 1893-96/

Scientific Results. Edited by FridtjofNansen. Vol.i.

The Jurassic Fauna of Cape Flora, Franz Josef Land.
By J. F. Pompeckj. With a geological sketch of Cape
Flora and its neighbourhood by Fridtjof Nansen.
Pp. 147 ; with 3 plates. Fossil Plants frotn Franz
Josef Land. By A. G. Nathorst. Pp. 26 ; with

2 plates. An Account of the Birds. By R. Collett

and F. Nansen. (London : Longmans, Green and
Co., 1900.)

THE second chapter of the first volume of the
" Scientific Results " of the Nansen North Polar

Expedition opens with a geological sketch of Cape Flora

and its neighbourhood by the leader of the expedition.

It was a wise determination, on the part of those re-

sponsible for the publication of the results, to issue the

several articles in English. The policy, too frequently

followed, of writing important scientific papers in the

language of the country where they are published, tends

to place serious obstacles in the way of those who en-

deavour to follow the researches of Continental investi-

gators. It is narrowness of view, rather than true

patriotism, that compels authors to publish their results

in languages which cannot be read by the great majority

of scientific workers.

The geological investigation of Cape Flora, Franz Josef

Land, was undertaken by Dr. Reginald Koettlitz, the

geologist of the Jackson-Harmsworth Expedition, during

the years 1894-97. Dr. Nansen's residence at "Elm-
wood," as the guest of Mr. Jackson, during a period of

rather less than two months, afforded him an opportunity

of visiting the most important localities in company with

Dr. Koetthtz ; the information he collected bears testi-

mony to the good use which was made of this short

visit. Nansen has given us a clear account, accom-

panied by diagrammatic sketches and photographs, of

the geology of Cape Flora. This portion of Franz Josef



June 14, 1900] NATURE 147

Land has the character of a plateau with a basaltic cap,

150 metres thick, composed of sheets of lava arranged in

regular and almost horizontal terraces, which present a
striking resemblance to the familiar basalt sheets in the
cliffs of the Western Isles of Scotland.

From the face of the basalt a talus-slope extends to

near the shore-line, where it passes into almost hori-

zontal raised beaches, which occur at approximately the

same level on both sides of the Cape, and point to a
uniform and recent elevation. The volcanic rocks rest

on Jurassic sedimentary strata, consisting for the most
. part of soft shale or clay containing numerous nodules of
B liard stone. From a " nunatak " protruding through the
V ;glacier, about 600 or 700 feet above sea-level, several

B fossil plants were found in fragments of shale spread

P over the surface of the rock within two small areas. The
important question as to whether the shale was actually
in situ and represented the remnant of an interbasaltic

bed, or whether it had been broken off from a lower
stratum and carried up by the intrusion of igneous
material, has not been definitely settled, Nansen is of
opinion that the plant-bed was in situ, and may be looked
«pon, therefore, as throwing important light on the age
of the basaltic sheets ; if this view is correct, the basalt
must be assigned, on palaeobotanical evidence, to an
Upper Jurassic or Lower Cretaceous age. Very little

is known as to the Jurassic deposits of Northbrook
Island beyond Cape Flora ; the beds examined at Cape
Certrude have yielded no fossils beyond fragments of
wood and lignite. Nansen inclines to the view expressed
by Messrs. Newton and Teall,i that the beds at Cape
Gertrude were deposited under varying conditions and
daring oscillations of level ; while the argillaceous sedi-

ments of Cape Flora, which are more uniform in com-
position, appear to have been laid down in a shallow sea
during a period of comparative tranquillity.

• The marine Jurassic fossils collected by Nansen from
the rocks of Northbrook Island in the Franz Josef Archi-
pelago are described by Dr. J. F. Pompeckj, whose
work bears the stamp of thoroughness and accuracy. An
account is given of previous literature relating to the
Jurassic rocks of Franz Josef Land, special prominence
being naturally given to the description by Mr, Newton
of the fossils brought to England by the Jackson- Harms-
worth Expedition. Some portions of the Cape Flora
strata are fairly rich in fossils, but the fragmentary
nature of the material renders accurate determination a
matter of considerable difficulty, and in many cases the
fragments are indeterminable. Dr. Pompeckj has per-
formed his task with ability, and his conclusions have
been arrived at as the result of careful sifting of the
meagre evidence at his disposal. A glance at the com-
parative table of the Cape Flora fossils collected by the
Jackson-Harmsworth Expedition and by Nansen shows
that in several instances Pompeckj's determinations do
not agree with those of Newton ; considering the frag-
mentary nature of many of the specimens, it would
be strange indeed if there were no discrepancies in
the lists of the two palaeontologists.

The fauna, as described by Pompeckj, is represented

P^&'!"'^'
^'""^''' ^"'^' '^''^- ^°'- '"'• ^'^97), p. 477 ;

ibid. vol. liv. (1898),
I
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by the following genera -.—Pentacriftus, Serpula, Lingula,
Discina, Pseudo?nonoiis, Pecten, Lima, Leda, Macrodotiy
Amberleya, Macrocephalites, Cadoceros, Quenstedtoceras,
and Belemnites. The Ammonites appear to be abundant
as compared with other groups, the genus Cadoceros
being specially prominent as regards both species and
the number of specimens.

Of the twenty-six species collected by Nansen, seven-
teen are new to the region, and five are considered to be
new species. As the author points out, his results

"differ in no slight degree from those which Newton
arrived at from his examination of the Jackson-Harms-
worth material." The sedimentary strata of Cape Flora
are classed by Pompeckj as Lower Bajocian, Lower,
Middle and Upper Callovian.

In the concluding palaso-geographical remarks, atten-

tion is drawn to the importance of the Cape Flora fossils

as coming from the most northerly development of
Jurassic rocks so far investigated. The occurrence of
marine Bajocian species demonstrates " the existence of
a Bajocian Sea in the north of the Eurasian-Jura con-
tinent." The extent of this northern sea cannot be
determined, but the Jurassic sediments of Cape Flora
afford evidence of deposition in shallow water near, the
shore-line of an Arctic continent. Neumayr's fascina'ting

theory of climatic zones in the Jurassic period does
not receive support from the palieontological results of
Pompeckj and Newton ; the scanty evidence at present
available points to the existence of a decided central
European facies in the fauna of Cape Flora, a fact

opposed to the conclusions of Neumayr.
The patches of sedimentary rock from which Nansen

obtained several fragmentary remains of plants have
already been referred to as either portidns of strata pre-
served in situ, or conceivably derived from lower strata
and carried to a higher level by igneous forces. It is

unfortunate that the history of the vegetation which
flourished on the site of Franz Josef Land during the
Mesozoic period is not represented by more legible

records, but we may congratulate Prof. Nathorst on
having exercised caution and care in the interpretation
of the imperfect documents at his disposal.

Among the genera recognised by Nathorst are the
following -.—Cladophlebis and Sphenopteris fragments
represent the ferns, small specimens referred to Podoza-
mites and Pterophyllum may be accepted as evidence of
the existence of Cycadean plants : Ginkgo, Czekanowskia,
Phoenicopsis, Feildenia, Taxites, Abietites, Pityanlhus
and Pityostrosbus demonstrated the occurrence of Gink-
goales and Coniferse.

The fairly numerous examples of small Ginkgo leaves are
the most interesting fossils dealt with by Nathorst ; they
enable us to extend the range of the Mesozoic species of
this isolated genus, which is to-day represented by the
maiden-hair tree of China and Japan. The leaves named
by Nathorst Ginkgo polaris bear a close resemblance to

Ginkgo digitata, a species which played a prominent
part in the Jurassic vegetation of several regions ; the
Franz Josef Land specimens are characterised by the
small size of the leaves, and may possibly be regarded
as a northern variety of the larger-leaved Ginkgo digitata
of the Inferior Oolitic rocks of East Yorkshire^. As regards
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the question of geological age, we agree with Nathorst's

verdict that the plant-bearing beds must be assigned

either to an Upper Jurassic or to a Lower Cretaceous

horizon. Several of the plants suggest a comparison

with Inferior Oolite species from the rich plant-beds of

the Yorkshire coast, and it is not improbable that in the

fragmentary fossils from Cape Flora we have the re-

mains of a flora but slightly younger than that which

has left abundant traces in the Lower Oolite strata of

more southern latitudes. While admitting the danger of

attempting to assign an exact geological date to the

fragmentary and imperfect specimens, there can be no

doubt that they must be referred to a period anterior to

the Tertiary, and in all probability they are remnants of

an Upper Jurassic flora.

While regretting that the fossils from Franz Josef

Land are not more numerous and less fragmentary, we

may offer a hearty welcome to the two able palseontolo-

gical memoirs by Dr. Pompeckj and Prof. Nathorst
;

these authors, in carrying out their difficult tasks with

thoroughness and good judgment, have set a standard

of efficiency which promises well for the succeeding

volumes of the " Scientific Results " of the Nansen

Expedition. A. C. S.

As might have been expected, no birds new to science

were obtained during the voyage of the Fram ; never-

theless, some interesting observations were made on the

range and distribution of bird-life in the high north, while

naturalists have, apparently for the first time, been made

fully acquainted with the early plumage of the roseate gull.

In the course of the expedition birds were observed in the

highest latitudes in which they are definitely known to

be able to exist. During the summer of 1895, when the

vessel was between 84° and 85^ 5' north lat., in the neigh-

bourhood of Franz Josef Land, ten species were from

time to time observed, although none occurred in any

numbers. The one found farthest north was the Fulmar

petrel, which was seen in lat. 85° 5' ; in the last edition

of " Yarrell " the extreme range of this bird is given

as 82° 30'.

During the summer of 1896, when the Fram was

north of Spitzbergen, the first herald of returning bird-

life was a snow-bunting, which made its appearance on

April 25. From the observations made during the same

season, it is now evident that to the north of Spitzbergen,

between lat. 81° and 83°, the Arctic Ocean is the resort

of large numbers of birds, belonging, however, to com-

paratively few species. Apparently these consist for the

most part of immature individuals, in the first plumage,

which spend the summer among the open channels in

the ice. The little auk and the ivory gull were among
those most numerously represented ; Sabine's gull having

only been seen on a single occasion. Although swimming

birds were by far the most numerous in these high lati-

tudes, shore-haunting species were represented by the

ringed plover and the grey phalarope, which were seen

running about on the ice by the side of the open water.

The fasciculus is illustrated by an artistic plate of the

roseate gull in its first plumage, which is mainly brown

on the upper-parts, and therefore quite unlike that of

the adult. R, L.
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THE CYANIDE PROCESS.

The Cyanide Process of Gold Extraciiofi. By James
Park. Pp. viii-M27. (London : Griffin and Co., Ltd.,

1900.)

THE great success which has attended the introduc-

tion of potassium cyanide for the extraction of

gold has created a widespread interest in this chemical

process, and given rise to several books and papers on

the subject from various authors. When we consider

that at one large works 500 tons of gold are treated in

twenty- four hours, we understand on what a colossal

scale the cyanide method is worked. The process, like

many others, has grown up from small beginnings, and

it is largely owing to Messrs. MacArthur and Forrest

that cyanide of potassium is now successfully applied to

the treatment of gold ores in different parts of the world.

It is a most significant] sign of the times that men
who have been practically engaged in an enterprise are

willing to communicate the results of their experience

to the public at large, and from the manner in which

the literature of the subject is growing, every detail

requisite for economic working will soon be widely

known and utilised. Therefore, one is not inclined to

analyse the text too minutely, with the object of finding

small flaws, provided the information is broadly reliable

and accurate. It was inevitable that electricity should be

brought into play in connection with such an important

process, and we find Messrs. Siemens and Halske early

in the field, with a method of depositing the gold on

lead by means of electrolysis. There are two sides to

this subject, as to most others, viz. the economic, or

practical as it is termed, and the scientific. Now the

former seems to be fairly well treated, but what is wanted

is much greater attention to be paid to the latter, as it

is possible that, with fuller and more intimate knovledge,

potassium cyanide may be equally useful in the treat-

ment of other metals besides gold, especially as it is now
so largely used in the electro-deposition of gold, silver,

copper, brass, &c. The work under notice has passed

through three editions in New Zealand, and this is the

first English edition. It is intended for the use of

students, metallurgists and cyanide operators. Several

new illustrations and tables are added, and the inform-

ation relating to the treatment of slimes and the analysis

of solutions has been greatly extended. It is gratifying

to learn that wet crushing and cyanide treatment have

been followed with as much success in New Zealand

as in South Africa, although the ores are of a complex

character.

The arrangement of the contents of the book is admir-

able. After a brief introduction and a general statement

as to the limitations of the subject, the chemistry of the

subject is wisely introduced, so that the student is at

once brought face to face with the various reactions that

occur, and led to see the reason for loss of cyanide,

which is sometimes so excessive. Valuable inform-

ation is given on pp. 10-13 on the action of potassium

cyanide on metallic sulphides. A very useful chapter

on laboratory experiments will be appreciated by teachers

and students of metallurgy, as well as by the chemist

and works manager ; indeed, a commodious and well-
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equipped laboratory is one of the most important and
necessary parts of a cyanide plant. The control, testing,

and analysis of solutions is treated in a fuller manner
than is usual with books of this class, and of the three

methods given we prefer the silver nitrate test. The
tables for the assay of cyanide solutions are a useful

addition to this chapter. The appliances for cyanide
extraction are briefly described, and although accom-
panied by several good scale drawings, certain details

are omitted which might have been profitably included.

The synopsis of the process for the actual extraction by
potassium cyanide is well written, and the conditions for

successful treatment, such as strength of cyanide solu-

tion, &c., are stated as clearly as one could wish.

Chapter vii. deals with the applications of the processes

at different works. Leaching and precipitation are suc-

cinctly dealt with in Chapters viii. and ix. These are

followed by a short description of the Siemens- Halske
electrical process, which not only deposits the gold, but
gives rise to the production of a number of valuable

commercial bye-products, such as lead, copper, litharge

and paint. For all those who wish to obtain a sound
knowledge of the cyanide process, as conducted at the

present time, we heartily commend Park's handbook.

OUR BOOK SHELF.
The Cause and Prevention of Decay in Teeth. By J. Sim
Wallace, M.D., B.Sc, L.D.S. Pp. loi. (London :

J. and A. Churchill, 1900.)

This is a reproduction in book form of a series of
articles published in the Journal of the British Dental
Association.

The subject has been dealt with in the light of the
now universally accepted chemico-parasitic theory of
dental caries, but the author treats less of exciting or
immediate causes than of those remote and predisposing.
He attributes the great and increasing prevalence of
dental caries among civilised nations to the elimination
of the coarser and more fibrous parts of foodstuffs from
the diet, and points out that this may act in two ways.
Firstly, owing to the absence of mechanically detergent
constituents of food, more of the fermentable, acid-
producing and germ-sustaining parts of the latter re-

main in contact with the teeth for some time after meals.
Secondly, that the tongue, being less actively employed
during the act of chewing and swallowing, fails to attain
its full size and exercise its normal important function
in modelling the dental arches, so that irregularities
arising from crowding and malposition of the teeth serve
to intensify their predisposition to caries.

The subject is, on the whole, efificiently dealt with, and
the book may be recommended to the medical practitioner
or intelligent layman.

It is a pity, however, that the author lays such per-
sistent stress upon what he considers the daring
heterodoxy of his opinions, as these are at most modi-
fications of those currently accepted. It is somewhat
irritating, too, to find set forth for the instruction of the
dentist, and with an air of great originality (as on p. 94),
certain points in the operative treatment of caries which
are among the very first impressed upon all students in

schools of dental surgery.
Surely, too, the accusation of ignorance of the causes

of the diseases he attempts to combat, and empiricism in

practice, are undeserved by the educated dental surgeon
of to-day. HAROLD AUSTEN.
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LETTERS TO THE EDITOR.
[ The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intended for this or any other part 0/ Nature.
No notice is taken ofanonymous communications.^

Atmospheric Electricity.

In a letter on this subject in Nature of March 29, Mr.
Aitken criticises the theory which attributes the prevalence of
positive electrification in the atmosphere to the superiority in
efficiency as nuclei for the condensation of water vapour, of the
negative ions over the positive.

That any difference in the degree of supersaturation necessary
to make water condense on positively and on negatively charged
ions would result under suitable conditions in the production of
an electric field was pointed out by Prof. J. J. Thomson [Phil.
Mag. vol. xlvi. p. 533), and it was suggested by him that this

might be a source of atmospheric electricity. Experiments
made by the present writer proved that there is such a difference,

and that water vapour condenses much more readily on negative
than on positive ions ; while Elster and Geitel (and independ-
ently, Lenard) have recently brought forward evidence based
on their own experiments and those of Liuss, tending to show
the existence of free ions in the atmosphere.
There remains the question whether the necessary degree of

supersaturation can ever occur in the atmosphere. Mr. Aitken
contends that there is no such thing as dust-free air in the atmo-
sphere, and that therefore any considerable degree of super-
saturation is impossible.

Air practically dust-free does, however, seem to have been
met with on Ben Nevis, accompanied by something very like

supersaturation ( Rankin, yt;M;-«. Scot. Met. Soc. vol. ix. p. 131).
In Mr. Aitken's own papers, too, records of small numbers of
dust particles (sometimes considerably less than looperc.c.)
are not rare ; and the lowest values are met with just under the
conditions where their occurrence is of most significance. For
" most of the low numbers in the tables were observed during
rainy weather, and the very low ones in misty rain, when the
clouds were at or near the surface of the earth" (Aitken,
Edin. Trans, xxxvii. p. 664). Again, the purest air met with
by Mr. Aitken was that blowing from oft" the Atlantic Ocean,
the mean number of dust particles in a series of 258 observa-

tions extending ever nearly five years amounting to 338perc.c.

;

on one occasion the number was as low as 16 per c.c. (Edin.
Trans, xxxvii. p. 666). Air coming from such a region can
hardly be considered as abnormal. Moreover, such observations

are necessarily made in air within a few feet of the ground ; at

a greater height it is likely to be less contaminated.
Consider a mass of air occupying i c.c. and saturated with

water-vapour at 10° C, and let it expand till, say, 3 x 10"® gram.
(less than one-third of the total water) has condensed to form
100 drops. Let us suppose the drops to be equal in size and let

us calculate the volume and thence the radius of each drop, and
from this obtain the rate at which they will fall relatively to the

air (assuming the velocity =-g ~, the viscosity /u being taken as

9 M
I "8 X io~*). We obtain for the radius of each drop the value

1-9x10"* centim., and for the rale of fall through the air,

z;=44 cms. per second.

In a rising current of moisture-laden air containing 100 dust

particles per c.c. there is thus no difficulty in seeing how the

drops as they ascend may grow large enough to lag behind the

air at the rate of 4-4 cms. per second ( = 160 metres per hour)

;

while the greater part of the moisture in the surrounding

air is still retained as vapour. If then the upper surface of the

cloud is carried to such a height that the drops reach the size

r=r9x io~^ cm., it will there be lagging behind the rising

air at the rate named, and a dust- free layer must exist immediately

above it, increasing in vertical thickness at the rate of something
like 180 metres per hour. Even if 1000 drops were formed in

each c.c. of the cloud, the rate of growth of the dust-free layer

would, as a similar calculation shows, when the same quantity of

water had separated, amount to 34 metres per hour.

A difficulty raised by Mr. Aitken in connection with the

removal of dust particles by condensation of water upon them
is this :

" When a cloud forms in ordinary impure air, only a

small proportion of the dust particles become active centres of
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condensation, whilst many receive no charge of vapour." Instead

of being an addition to our difficulties, does not this rather sug-

gest a method by which, even if the air entering the base of a

cloud be very impure, it may become freed from its dust ? For it

follows that even in such air a comparatively small number of

drops will be formed in each c.c. when the saturation level is

reached. What becomes of the nuclei which do not there form

active centres of condensation ? If the presence of a few slightly

more efficient nuclei has prevented them from coming into play,

the same number of actual drops will be at least equally effective

in this respect. Will the dust particles then remain free until

they are carried up beyond the reach of the drops, and there

become active centres of condensation as Mr. Aitken suggests ?

It seems to me that, after a considerable vertical thickness of

cloud has accumulated, this is highly improbable ; such a cloud

is likely to act as a very efficient air filter. For if even very

impure air be kept in a small vessel with wetted walls the dust

particles are removed in a comparatively short time—the shorter

the smaller the vessel—by coming in contact with the walls.

Dust particles in air travelling through a cloud must be very

favourably situated for removal by contact with the drops. They
are thus not likely to survive aS free nuclei long enough to be
able to come into play at the upper surface of the cloud, unless

the time taken to traverse the cloud has been comparatively

short. A cloud, due to an ascending air current containing near

its lower surface as many dust particles (7700 per c.c. ) as that

encountered by Mr. Aitken on one occasion on the Rigi Kulm,
even if it receive a continuous supply of equally or more impure
air from below, may thus have no dust particles left in its upper
portions beyond what are contained in the drops ; while the

number of drops per c.c. may amount to only a small fraction of

the number of dust particles originally present, the size of each
being correspondingly greater.

Mr. Aitken refers to the possible re-evaporation of drops due
to the tendency of the larger ones to grow at the expense of the

smaller. But all drops which have survived the great tendency
to evaporate which accompanies the initial stages of their growth
will surely continue to grow so long as the rate of expansion
remains the same, or even if it be much reduced. The effect of

the size of the drops on the vapour pressure necessary to cause

water to condense on them is in fact relatively unimportant
except in the case of very small drops ; if we apply Lord
Kelvin's formula to the case of drops even as small as io~*
cm. in radius we find that the vapour pressure exceeds by
only about one part in a thousand that over a flat surface of

water ; the evaporation from the drop of one part in 30,000 of its

mass would cool it sufficiently to counterbalance this difference.

With respect to the power of sunshine to manufacture nuclei

in air containing various gaseous impurities specified by Mr.
Aitken, it may be observed that there is no evidence of such an
effect of sunlight in normal atmospheric air, and that all the

substances mentioned by Mr. Aitken (ammonia, nitric acid,

&c. ) being very soluble in water would be dissolved out of the

air in passing through a cloud of water drops. It is true that

sunshine does appear to produce in pure air nuclei (which how-
ever require a fourfold supersaturation to make water condense
on them), and that strong ultra-violet light produces large nuclei

like dust particles {Phil. Trans. 192, p. 403) ; but these effects

have not, so far as I can see, any immediate bearing on the

subject of the possibility of supersaturation in the atmosphere.

I do not know of any evidence to show whether the small

drops in clouds tend to coalesce to form larger ones or not.

Such coalescence would tend to hasten the process of separation

of dust-free air from the cloud, by increasing the downward
velocity of the drops relatively to the air ; but it is unnecessary

to assume its occurrence.

We have now seen reason for believing that the drops in the

upper portion of a cloud produced in ascending air are likely,

before the air around them has lost any very large proportion of

its vapour, to have grown large enough to lag behind the ascend-
ing air at quite an appreciable rate ; and that the air between
them is likely to be dust-free. Under these conditions a dust-

free layer will be formed above the cloud, and will continually

increase in vertical thickness. This layer will be saturated with
moisture at its lower edge, above this it will be supersaturated ;

the amount of supersaturation being greatest near its upper
limit, and depending on the vertical distance through which the

air has risen since escaping from the cloud. Now to produce in

air initially saturated the supersaturation (approximately four-

fold) necessary to cause water to condense on negative ions, it is
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sufficient to let the volume of the air increase adiabatically to

I "25 times its initial value (Phil, Trans. A, vol. cxciii. p. 289)

;

an expansion which will result from an ascent of the air through

a vertical distance of 2500 metres, if we suppose the air on
escaping from the cloud to be at a temperature of 10° C. (at lower
temperatures a smaller elevation would suffice). Thus, when
the air in the uppermost layers of the supersaturated stratum has
reached a height of about 2500 metres above the level at which
it escaped from the cloud, a sudden change will result ; conden-
sation will there take place on the negative ions. The thickness

of the supersaturated stratum {i.e. the vertical distance which
the upper surface of the cloud has lagged behind the air), when
the condensation on the negative ions begins, may vary greatly ;

it may be very small if the drops are small and the ascent of the

air rapid ; it may amount to nearly the whole 2500 metres in

the case where the drops grow large enough to acquire a velocity

relative to the air as great as the upward velocity of the air, so

that the upper surface of the cloud has ceased to ascend. Above
any cloud in an ascending air current, however numerous and
small the drops, we should expect to find a supersaturated layer

(possibly of very small vertical thickness), provided its upper
surface has risen high enough for all dust particles to have either

come into play as condensation nuclei, or to have been removed
by coming in contact with drops already formed ; provided also-

that the heating effect of sunshine on the drops at the upper
surface of the cloud is not sufficient to counterbalance the cooling

effect of the expansion and cause them to evaporate. And if the

ascending current continues till a level about 2500 metres higher

is reached, we get condensation taking place in the dust-free

layer. It is difficult to avoid connecting this process with the

sudden appearance of "false cirrus" at the top of a cumulo-

nimbus cloud at the commencement of a shower.

We must now consider what will happen to the drops con-

densing from the supersaturated layer. Mr. Aitken takes the

view that if condensation ever did take place on the ions, the

drops formed would fall at once as rain, and that a cloud would
never result. He remarks that the supersaturated air will be,

as it were, in an "explosive" condition, which will cause the

extremely rapid growth of any drop that may begin to form,,

thus preventing condensation on neighbouring ions. There is,,

however, no obvious reason for supposing the rate of increase of

size of a drop in supersaturated air to be of a different order

from that of the diminution in size of a similar drop in an un-

saturated atmosphere. In neither case is there anything of the

nature of an explosion. In the one case evaporation causes the

lowering of the temperature of the drop below that of the sur-

rounding air (to the wet-bulb temperature), the evaporation

being thereby retarded ; in the other case, the condensation on

the drop at once raises its temperature above that of the sur-

rounding supersaturated air, the rate of growth being mainly

determined by the rate at which the drop can give out to the

surrounding air the heat developed in it by the condensation. I

do not think we have the data for determining whether the

drops will fall at once as rain or remain in suspension till they

have travelled into regions where the ascending current is in-

sufficient to support them. In either case, if the drops fall

through a supersaturated layer of some thickness, they are likely

to reach the ground as negatively charged rain, I see, how-
ever, no reason to conclude that negatively charged clouds may
not also be produced by condensation on the negative ions.

The foregoing considerations contain a theory of the origin of

rain such as I had in view when the paper, criticised byvMr,
Aitken, on the difference between the positive and negative ions

as condensation nuclei was written {Phil. Trans. A, vol. cxciii.

p. 289). That rain may sometimes at least have its origin in

supersaturated portions of the atmosphere has indeed been held

by V. Bezokl, Cleveland Abbe, and other meteorolc^ists.

I do not propose to consider what is likely to happen after the

rain has begun to fall. It may be pointed out, however, that we
are likely then to have a reduction in the supply of dust particles,,

especially if the rain extends over a considerable area ; for the

inflowing air is likely to have a considerable proportion of its

dust particles carried down by the rain before it has penetrated

any great distance into the rain-washed area. In Mr. Aitken's

papers may be found references to the apparent dust-removing

power of rain.

Mr. Aitken considers that the positive ions would not remain

in the atmosphere, because a slightly greater supersaturation

than was necessary to cause condensation in the negative ions

would bring them down also. It is conceivable that they may
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sometimes be removed in this way ; but if we consider that a

greatly increased supersaturation (six-fold instead of four-fold) is

necessary, and that the production of ions is continually going

on, so that negative ions as well as positive are always pre-

sent, we can hardly consider it a likely occurrence. What then

is the subsequent history of the positive ions after being car-

ried up out ot reach of the drops formed on the negative ions?

They will, under the action of the electric field produced by this

separation, tend to travel downwards relatively to the air with

a velocity of the order of one centimetre per second for a field of

ICK3 volts per metre, as the measurements of Rutherford and
others have shown. After being carried beyond the region of

ascending air-currents, they will travel downwards towards the

earth's surface ; but long before reaching it they will become
attached to cloud particles or to the dust particles of the lower
layers of the atmosphere, where the positive charge will

accumulate.
It is not claimed that the process described above is the only

source of rain or the only source of atmospheric electricity. It

should be pointed out, for example, that another way in which
rain may possibly acquire a negative charge is by falling through

ionised air. For according to Zeleny {Phil. Mag. vol. xlvi.

p. 135) a body suspended in a current of ionised air becomes
negatively charged in virtue of the slightly greater velocity of the

negative than of the positive ion under a given force. Elster

and Geitel make use of this difference between the positive and
negative ions to account for the normal positive electrification

of the atmosphere, by the passage of air through the vegetation

on the earth's surface. Whether, however, the charged parti-

cles, the presence of which near the surface of the earth their

experiments seem to prove, are really free ions whose velocity

under a given force is that of the ions produced by Rontgen
and other rays and not comparatively slow-moving masses
(the nuclei called dust particles by Mr. Aitken) to which ions

have attached themselves remains as yet undecided. In air

charged with dust even to the extent to which clear air near
the surface of the ground is shown by Mr. Aitken's observations

to be, it is likely, since the rate of ionisation in the atmosphere
is certainly slow, that an ion would become attached to some
•dust particle in a time very short compared with what the

average life of an ion would be in dust-free air, where it is

determined merely by the rate of recombination of the ions.

In conclusion, it must be confessed that if the rate at which
the electric field of the earth is being destroyed by leakage
ihrough the air is anything like so great as is given by Elster
and Geitel's interpretation of their experiments {i.e. of the order
of I per cent, per minute), no theory which attributes the normal
fine weather electricity to the effect of precipitation at a dis-

'.ance is sufficient to explain tl\e facts. C. T. R. Wilson.
Cambridge Laboratory, Cambridge, May i6.

Specimens of " Dromaeus ater." <

In reference to Prof. Giglioli's note (^///w, ^age 102), I may
perhaps be allowed to remark that Bullock's Museum appears
to have contained a specimen of the extinct Dromaeiis ater.

The twelfth edition of the '

' Companion " to that Museum,
published in 18 12, has the following entries (page 80) :

—

" Great Emea, or New Holland Cassowary . . .

" Lesser Emea, not half the size of the above, and a distinct
species."

At the dispersal of his collection the sale Catalogue includes
both specimens as lots 97 and 98 on the eleventh day of the
sale (May 18, 1819), the latter as

" Lesser Emew, a distinct species from the last,"

and my annotated copy of the Catalogue shows that both were
bought by the Linnean Society—for 10/. io.r. and 7/. \os.

respectively. I have tried to trace the latter specimen, but in
vain. It may still exist unrecognised. Alfred Newton.

Magdalene College, Cambridge, June 4.

Effect of Iron upon the Growth of Grass.

Some years ago Nature published a short letter of mine from
India, noticing the way in which laying out iron (famine) tools
on the ground brought on grass upon very dry surfaces. Any
one who looks now under the rows of iron chairs, and round the
railings, of the band-stand on the east side of the Green Park,
a ill see the same stimulating effect produced. A. T. F,

London, June 4.
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SOURCES AND PROPERTIES OF BECQUEREL
RAYS.

T N the following article a general account is given of
-^ a few of the more striking phenomena connected
with Becquerel rays, including some of the recent develop-

ments of the subject at the hands of Becquerel, M. and
Mme. Curie and others.

Among a large number of papers which have lately

been published, dealing with properties of these rays,

two are worthy of especial notice, as giving a compre-
hensive view of the phenomena. For those who propose
to study the subject more fully, no better guide can be
found than Prof. Bister's report in Eder's Jahrbuch fUr
Photographic und Reproduciionstechntk for 1900. The
footnote references to original papers form a complete
bibliography of the literature of the subject existing

at the time when the article appeared, and it is sur-

prising that Prof. Elster should have succeeded in sum-
marising so large an amount of matter in eleven very
small pages. Dr. B. Walter's article in the Fortschritte

auf dem Gebiete der Rontgensirahlen is somewhat less

condensed and more popular ; the chief phenomena,
especially the photographic and fluorescent properties,

are dealt with at greater length, and the article is illus-

trated by a plate of radiographs showing the difference

between the actions of Becquerel and Rontgen rays.

Already Walter's paper, and, to a less degree, Bister's

report, have become out of date on the subject of magnetic
deviation, and for this and other later developments no
better guide could be found than the well-condensed
summaries contained in the current monthly parts of
Scietice Abstracts.

The discovery of these rays in 1896 was a natural
sequence of the discovery of the Rontgen rays, and was
led up to, on the one hand, by the attempts of M. Henry
to mtensify the action of Rontgen rays by the use of
phosphorescent substances ; and, on the other hand, by
the theory, since abandoned, that the Rontgen rays were
themselves the result of phosphorescence of the vacuum
tube. Becquerel and other physicists made numerous
experiments to test whether phosphorescent substances
emitted rays capable of acting on a photographic plate
that was enveloped in opaque paper, and it was found
that rays which produce actinic action were emitted by
the phosphorescent salts of uranium, not only when these
salts had been exposed to the action of sunlight or of
Rontgen rays, but even after they had been kept in the
dark for months, the "radio-activity" showing no
perceptible falling ofif.

The next step was the discovery, by Mme. Curie,
that Bohemian pitch-blende—a black, shiny ore of
uranium—possessed a higher degree of radio-activity

than uranium itself, and this result naturally suggested
the view that the ore contained, besides uranium, some
other substance to whose presence the increased action
was due. By separating the pitch-blende into its con-
stituents, M. and Mme. Curie were led to discover the
existence of two sources of radio-activity, one associated
with the compounds of bismuth, and the other with those
of barium occurring in the ore. Seeing that barium and
bismuth obtained from other sources do not emit
Becquerel rays, these radiations were attributed to the
existence of two new substances, that associated with
bismuth being named polonium, a name derived from
the Polish nationality of Mme. Curie, while the other
substance associated with barium chloride was called
radium. The separation of these two substances has led
to the production of rays of sufficient intensity to e.xcite

fluorescent screens, discharge electrified conductors, and,
indeed, to reproduce, with differences, most of the
properties of Rontgen rays. A third radio-active sub-
stance, produced from the residues of pitch-blende, is

recorded by Debierne, who names it actinium. It is

precipitated by the principal agents for titanium, and it
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emits rays which reproduce the same phenomena as the

rays emitted by radium and polonium, and are 100,000

times the intensity of ordinary uranium rays. Certain

thorium compounds are also radio-active, a property first

established in these by G. C. Schmidt and Mme. Curie,

and subsequently investigated by R. B. Owens and
Rutherford.

Since this article was in the printer's hands a paper

by Sir W. Crookes on the radio-activity of uranium, read

before the Royal Society on May 10, has been received.

The author records an entire absence of radio-active

effects in all the barium minerals in his cabinet from
which uranium was absent, while pitch-blende and other

minerals containing uranium and thorium excited a

photographic plate. Arrangements were then made for

working up half a ton of pitch-blende, and the radio-

activity of the uranium salts was definitely traced to

the presence of a foreign body, which Sir W. Crookes
has christened for the time UrX {i.e. the unknown
quantity in uranium), following a fashion initiated by
Rontgen, and which has previously led to the introduc-

tion into our vocabulary of such terms as " Xd air"

(Italian "aria Xata" or ixata). We would suggest the

name " Crookesium " as a substitute. Whether uranium-X
is or is not identical with radium seems not fully decided,

but it appears to be distinct from polonium. It is now
proposed to try to separate the radio-active component
of thorium.
Le Bon, who claims to have anticipated the Becquerel

rays in his " lumi^re noire," has expressed the opinion

that the properties attributed to radium and polonium
do'not prove the existence of new elements, and may be
accounted for by supposing the radio-active substances

to be mere allotropic modifications of bismuth and
barium. On this view there is no more fundamental
difference between the properties of radio-active and
ordinary barium than between phosphorescent and
ordinary sulphuret of lime. Giesel, of Brunswick, also

has adopted the terms "radio-active barium" and
"radio-active bismuth" in preference to "radium" and
"polonium." In support of the opposite view, Demargay
has proved that radium possesses a characteristic

spectrum, and M. and Mme. Curie find that the atomic
weight of radio-active barium chloride is greater than
that of ordinary chloride, amounting in one specimen
to as much as 146 as against 137.

The pitch-blende used in the preparation of these sub-

stances is obtained from Joachimsthal, in Bohemia.
Under the direction of Giesel, working in co-operation

with Profs. Elster and Geitel, the firm of E. de Haen, of

List, near Hanover, have undertaken the preparation in

small quantities of radio-active barium emitting rays that

are unequalled in intensity, and have also placed on the

market cheaper by-products which also emit rays of

sufficient intensity to visibly excite a fluorescent screen.

The solid radioactive compounds of barium increase in

activity from the time of solidification, but do not reach
their maximum for more than a month. The barium
preparations are all luminescent, the chloride and bromide
especially so when dry. According to Giesel, the bis-

muth or polonium preparations lose their radio-activity

in a few weeks, and this property is also cited by Elster.

The radio-activity of barium bromide is found by
Elster not to be destroyed by continuous heating for

twenty-four hours in vacuo. After cooling, the strength

is much reduced, but is restored after the lapse of a few
days to nearly the original intensity.

Becquerel rays resemble Rontgen rays in their power
of " ionising " air, a property they possess to such a degree
as to discharge all conductors within a considerable dis-

tance of the radio-active substance. Their action on
electric sparks has been studied by Elster and Geitel. A
spark gap i cm. wide, consisting of a positive knob and a
negative disc, was exposed to the radiations from a barium
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preparation. The sparks or brushes were converted into

a violet glow-discharge, but the former discharge was re-

established on interposing a plate of lead. With discs

made of semi-conducting card the radium affected the
discharge at the distance of over i metre. According to
Elster, heating a small trace of a radio-active substance in

air in a Bunsen flame increases the electric dispersion of
the air of the room.

Becquerel finds many bodies acquire the temporary
power of discharging conductors under the influence of

the rays, thus affording proof that these rays involve a
continuous emission of energy. The bodies do not, how-
ever, act on a photographic plate, and their activity is

lost on heating. This property is not assumed by the
double sulphate'of uranium and potassium.
There appears at present no prospect of utilising

Becquerel rays as a substitute for Rontgen rays in

surgery. The difference of behaviour of the two kinds
of rays is well shown by two radiographs of the human
hand accompanying Dr. Walter's paper. In the one
taken with Rontgen rays the outlines of the bones are

remarkably clear and sharp ; in the other, taken with the

rays emitted by Giesel's most powerfully radio-active

preparations, a dark, ill-defined shadow of the outline ot

the hand is seen, but not a trace of the bones is visible.

This latter radiograph, which was taken with the rela-

tively short exposure of an hour, shows clearly the

shadows of a needle and of a coin that were placed under
the middle of the hand, proving that a certain proportion

of the rays had actually passed through the hand, but
without differentiating the bones from the rest. Experi-

ments undertaken by Walter to account for the hazy out-

line of the Becquerel radiographs point to the conclusion

that the Becquerel rays, when passing through substances

of small atomic weight, experience a far greater diffuse

scattering than Rontgen rays. Further, the secondary
radiations emitted by both light and heavy substances

under the influence of the Becquerel rays differ far less

from the incident rays in intensity and penetrability than

in the case of the secondary rays investigated by Sagnac
in connection with Rontgen rays. A further difference

lies in the far greater absorption of Becquerel rays by
specifically light substances, such as those forming the

flesh of the human hand. With the use. of a platino-

cyanide of barium screen, Walter observed the same
absence of all traces of bones as with photographic

methods, although the shadow of the hand was clearly

$een on the screen.

The composite nature of Becquerel rays is suggested

by experiments on phosphorescence and selective absorp-

tion, as well as on magnetic deviation. Mme. Curie

has found that Becquerel rays are more easily absorbed

when they have already penetrated an absorbing layer

than when they have not. One aluminium disc absorbed

a certain proportion of the rays ; a second aluminium
disc absorbed an even greater proportion of the remainder.

According to the note on Mme. Curie's paper in Science

Abstracts, " this is due to the fact that the less penetrative

rays are absorbed in the first absorptive layers," but such a

view would more naturally lead one to expect that the pro-

portion of absorbed rays would be less at the second screen

than the first, instead of greater ; the phenomena can,

however, be accounted for by the hypothesis that the first

screen transforms the rays into secondary rays of lower

penetrating power. The existence of such secondary rays

has been supported by Villard, Meyer and Schweideler,

Dorn and others. Becquerel has, however, shown that in

the case of polonium rays from the Curies' preparations,

no secondary rays are emitted by aluminium. The phe-

nomenon of selective absorption has been studied by
Becquerel, who exposed various substances to the action

of radio-active barium chloride, including hexagonal

blende, platinocyanide of barium, diamond, and double

sulphate of uranium and potassium. The phosphorescence
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varied in different cases. When different screens were
interposed—namely, aluminium, mica, black paper, glass,

ebonite and copper—the absorptions of the radiations

which excite phosphorescence in different substances by
the same screen were found to be unequal. R. B. Owens
has shown that thorium radiations resemble those associ-

ated with the derivatives of uranium ore, but possess
greater variety. There are indications that they are not

confined to so few distinct types, if, indeed, the number
of types is limited. Becquerel shows that the absorption

of " radium " rays by screens is variable according to the

distance of the screens from the source, and that the
intensity of the radiation decreases with the distance more
rapidly than it would do according to the law of the inverse

square ; both of these are results of absorption by the
air. The view advanced by Le Bon two years ago, that

Becquerel rays could not be polarised, has been confirmed
by Rutherford.
The magnetic deviation of Becquerel rays has absorbed

a large amount of attention during the last few months,
and conclusions from recent experiments have in several

instances been in contradiction with the inferences from
earlier investigations. Thus a survey of the literature

of the subject shows that amongst others the following

views have been advanced: (i) that Becquerel rays are

not deviated
; (2) that they are deviated in air but not

in vacuoJ (3) that the deflection gives rise to phenomena
which are more marked with polonium than with radium

;

4) that both radium and polonium rays are deviated in

vacuo ; (5) that radium rays show marked deviation, but
polonium rays show no deviation whatever. The first

negative result was obtained by Elster and Geitel

;

Giesel proved the magnetic deflection of the rays in air,

and attributed the previously observed absence of deflec-

tions to the experiments having been performed in vacuo.
Elster, by repeating the experiments with a different

arrangement of apparatus, using the same radio-active

bismuth and barium as in Giesel's experiments, has dis-

covered the cause of his previous failure, and has estab-

lished the magnetic deflection of the rays in vacuo.
Giesel used a strongly radio-active bismuth preparation,
and got more marked effects than with his barium com-
pound ; Elster, using a similar bismuth preparation and
a relatively feeble one of barium, was led to infer that the
barium radiations were the most deflected. In these ex-

periments the rays are received on a photographic plate

or fluorescent screen ; P. Curie, on the other hand, has
described an apparatus for comparing the magnetic de-
viation by means of the electro- dispersion produced by
the rays. When not deviated the rays pass out normally
between two lead blocks, and traverse the space between
the plates of a condenser, causing a current to flow

;

when deflected the rays are absorbed by the lead blocks,
and the current ceases.

Both Curie and Becquerel find that the magnetic de-
flection varies with different substances. According to

Ijecquerel's paper of December 26, polonium showed no
deflection, while radium showed a strong deflection. The
absence of deflection in polonium rays has been observed
by Mme. Curie, who states that they travel in a straight

line. In comparing these results with the different con-
tusions obtained by Elster, reference must be made to
'
)rn's hypothesis, according to which it is suggested that

primary rays are not deflected, but are transformed
deviable secondary rays. But in a recent paper

:querel finds that the Curies' polonium rays are neither
lected by a magnetic field of 10,000 C.G.S. units, nor
they transformed into deviable secondary rays. He
also made experiments to test whether the curvature
radium rays is affected by interposing a screen, as
)uld occur if the transmitted rays were secondary rays
iving with lower velocity. No such effect has been as
observed. The most probable inference at present is

It there are two kinds of rays, one deviable and the
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other not. The Curies find both forms coexist in radium
rays ; and from Giesel's experiments the deviable rays
certainly exist in some preparations of polonium, but
were doubtless not present to an appreciable extent in

the samples experimented on by the Curies and
Becquerel. According to Curie, the rays from radio-

active barium carbonate are deflected to a very different

extent. Those rays which have the greatest penetrative
power are the most easily deflected, and those rays which
are not deflected only penetrate air to a distance of 6 or

7 mm. Becquerel finds that magnetically deviable rays
are absorbed by different screens up to a certain inferior

limit of distance, while they penetrate a screen that is

placed sufficiently near the source.

When the magnetic field is uniform and the direction

of the rays is perpendicular to the lines of force, they
describe circles and return to the starting point ; when
the rays start in a direction oblique to the lines of force,

the paths are helices. These results have been recently
verified by Becquerel, and from them it is possible to
form a general prediction of the corresponding effects

produced in a non-uniform field, such as that produced
by a horseshoe magnet, which effects we now proceed to
describe.

In Giesel's experiments, the sensitive plate was laid on
the poles of the magnet, film downwards, the polonium
being placed below and in contact with the film. Be-
tween the black patch produced above the substance and
the dark zone produced by the deflected rays, a number
of dark traces were observed, resembling wavy hair or
like the ramifications in Lichtenberg's figures. Bec-
querel has shown that when the radio-active barium is

placed on one pole of an electromagnet and a fluorescent

screen on the other, the effect of exciting the magnet
is to concentrate and contract the luminous area, a result

unaltered by reversing the poles. When the rays pass
across the lines of force, they, after proceeding upwards,
are bent round and impinge on the plate along a curve,

which extends from one pole to the other, bending out

of the way of the radiant substance in the centre. When
a piece of radium preparation is placed on a plate in a
uniform field near a plane normal to the lines of force,

the result is an intense impression limited by a spiral

whose sense is that of the current which produces the
field. This spiral is the trace, deformed by the field, of
the line of intersection of the vertical plate and the plate

on which the radium rests.

In i\\&Journal de Physique for April, Becquerel shows
that different radio-active compounds of barium emit
rays that are equally deviated, and he establishes the

fact that the deviation conforms to laws similar to those
which apply to kathodic rays. The phenomenon of dis-

persion is established, and by interposing strips of paper,

aluminium and platinum against the gelatine plate, on
which the deflected rays are received, a kind of absorp-

tion spectrum is obtained, showing that the most devi-

able rays are the most readily absorbed under the con-

ditions of the experiment. By calculating an inferior

limit to Hp (the product of the magnetic force and the

radius of curvature of the path) for the rays transmitted

by various screens, the absorption by different substances
is compared, and the results are of the same order of

magnitude as for the kathodic rays. These and other

facts suggest that part of the radiation is of similar nature

to the kathodic rays, where small negatively-charged

masses are transported with great velocity, and the

Curies' experiments prove the existence of such charges,

which, however, are exceedingly feeble. According to

this view, the magnetic deviation is given by the formula

vfnle=lip, and in an electrostatic field of intensity F
the rays ought to undergo a deviation, ^= F/ -^ (wV:/^),

/ being the length of the path. It appeared, at first,

that the electrostatic force required to make any such
deviation visible would exceed the limit for which
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disruptive discharge would take place in air, and could only

be obtained in vacuo. In a footnote, however, Becquerel

tells us that he has since observed the electric deviation in

air with a field of about lo^^ C.G.S. units, and has found

for certain rays which pass through black paper the

values ;«/^= lo^ and v= i"6 x iqI*'.

The chemical effects of Becquerel rays have been

examined by M. and Mme. Curie and Becquerel ; they

may be briefly summarised here. The rays from active

•salts of barium transform oxygen into ozone, a process

involving a continuous expenditure of energy. Potassium

iodide is coloured blue. Glass in contact with the salts

is coloured violet, ultimately becoming nearly black, and

the colour penetrates the glass ; this phenomenon is

analogous to the coloration of fluorspar by kathodic

rays. Platinocyanide of barium screens gradually turn

yellow, then brown, and finally lose their fluorescence,

which, however, is restored by exposure to sunlight.

Fluorine continues. to phosphoresce for twenty-four hours

after being excited, and calcined fluorspar which has lost

its phosphorescence regains its luminosity in the presence

•of radium. Chemical activity is confined to those radio-

active preparations which are luminous, but is not always

proportional to the luminosity.

According to the Curies' experiments, powerfully radio-

active compounds of radium and polonium^ when they

act on inactive substances, are able to communicate radio-

activity to them. This induced radio-activity increases

with the time of exposure up to a certain limit. If the

inducing substance is 5000 to 50,000 times the activity of

-uranium, the induced activity may amount to fifty times

that of uranium. It is reduced to one-tenth of its amount
in an hour after removal, but it may persist for many
•days, finally disappearing. The emanation of radio-active

particles from thorium compounds, investigated by Ruther-

ford, is remarkable. This emanation ionises the gas in

its neighbourhood, and it will pass through thin layers of

metal, through thicknesses of paper, or through a plug

of cotton wool. It is also unaffected by bubbhng through

hot or cold water, weak or strong sulphuric acid. The
emanation retains its radio-active power for some minutes,

gradually losing it. The positive ion produced in the gas

by the emanation was found to possess the power of

inducing radio-activity in all substances on which it fell,

this power of giving radiation lasting several days.

Whether the emanation be a vapour of thorium is doubtful.

The question as to the amount of energy emitted by the

Becquerel rays has already been referred to in Nature,
and need not therefore occupy our space further now.
The problem of discovering the seat of this energy
would seem of late to have taken another form. At first

it was supposed that a difficulty would exist in reconciling

the continuous emission of these rays with the principle

of conservation of energy ; now, however, that the

amount of the emitted energy has been estimated, the

difficulty is seen to lie in the experimental observation of

changes of such inappreciable magnitude as would suffice

to generate this energy.

Before 1896 physicists were just beginning to grasp

Maxwell's theories, and to realise more clearly the sim-

plification introduced into notions electric and optical by
the conception of the ether. The discovery of rays

-capable of discharging electrified bodies in air has not

only shown the fallacy of our preconceived dogmatic
notions as to the division of substances into conductors
and dielectrics, but has taught us that the properties of the

ether are not so simple as we had anticipated. We can
only wonder whether Maxwell would have been able to

develop his electromagnetic and electro-optic theories

had the complications arising from Becquerel and other

rays been before him, and the want now makes itself felt

•of a second Maxwell, who shall co-ordinate the newly-
accumulated mass of experimental facts into the form of

a connected mathematical theory. G. H. Bryan.
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MODERN MICROSCOPES}

IN spite of the attention which has of late years been

paid to the improvements of every detail of microscope

construction, it is remarkable how Powell's No. i stand

has now existed, practically unchanged, for some fifty

years. It may therefore be considered a permanent

type, and it is one to which the best modern instruments

conform more and more. Its most obvious peculiarity,

however, a tripod base, has not yet become general.

The heavy horseshoe foot is still in all but universal

favour on the Continent, although Powell's base is occa-

sionally imitated. Thus the Leitz firm in 1893, and the

Hartnack firm in 1898, brought out large model micro-

scopes on a tripod base ; Greenough's low-power stereo-

scopic binocular microscope (1898) is similarly equipped.

This last instrument, which is the most recent binocular

novelty, is highly esteemed. It is made by Zeiss, is

fitted with porro prisms, and, among other advantages,

affords views of the under as well as the upper side of an

object.

English makers have lately paid much attention to the

perfecting of cheaper stands with some excellent results.

In their new model and educational microscope, Messrs.

Ross have reintroduced the principle of a reversing and

locking foot, which was first invented by Cuff (ar^a 176S).

By this means the instrument acquires great stability

when used horizontally. The same firm, in their bac-

teriological microscope, use a tripod stand, of which the

hind toe is made to fold forward between the two fixed

front toes when not in use, thereby economising space

in packing. The stage of this, as well as of Baker's

microscopes, is fitted with the Nelson horseshoe perfor-

ation. The advantage of this device is that in high-

power work, when the objective necessarily works very

close to the cover glass, the slide can be tilted with the

finger, and the focus gradually attained with far less

risk to the object than if the slide rested immovably

on the stage.

Messrs. R. and J. Beck's student's microscope and

Messrs. W. Watson's " Fram " piicroscope are other ex-

amples of really good, small, cheap microscopes.

Economy is obtained, not by sacrificing quality of w^ork,

but by simplifying the design. Every step in the direc-

tion of reducing the cost of a good instrument is too

obviously desirable to require demonstration. Some
designs strive after cheapness by using a fine adjustment,

and trusting to a push-tube motion for the coarse. But

if a microscope is to have only one adjustment, most

microscopists will prefer a good coarse to an indift'erent

fine adjustment. This is the principle of Messrs. Watson's

school microscope, which has a coarse adjustment only

(diagonal rack and pinion), so good that a ^-inch ob-

jective can be accurately focussed with ease. The cost,

with eye-piece and objectives, is only three pounds.

The practical difficulty is, of course, that the great

amount of wear upon the coarse adjustment affects in

time the evenness of the racking, and produces loose

action. But an important piece of progress towards ob-

viating this trouble has been made by Mr. E. M. Nelson,

who has applied the principle of stepped rackwork

(Fig. i). The two similar racks are placed so that

their teeth are slightly out of step, the amount of di-

vergence being regulated by the upper right-hand screw.

The two screws in the centre of the pinion regulate the

pressure by which the pinion is forced into the rack.

The advantage of the arrangement is not only compen-

sation for wear and tear, but rapidity and smoothness

of action, for the tube obeys the slightest movement of

the milled heads. If experience confirms the favourable

opinion with which this novelty has been received, the

necessity of a fine adjustment in cheaper stands will

disappear.

1 Fuller accounts of all the irntruments rjferred to will bi found in the

Journal oi the Royal Microscopical Society for iSg/, 1S98, 1899 and 1900.
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Another coarse adjustment improvement has been made
by Herr Reichert. Its principle is a rack and pinion
of specially hardened gun-metal, and a very important
feature is the springing with adjusting screws for tighten-
ing up. Of these there are three : one being used for

regulating the grip on the tube-mount, the others for

tightening the pinion ; thus the unavoidable wear and
tear can be compensated for.

Fine adjustments, owing to the rigorous,requirements
of high-power photomicrography, have received very
great attention. ^ Modern advances may, however, be
reduced to some five main types: (i) the direct-acting

screw, (2) the same with lever interposed, (3) the differ-

ential screw, (4) Reichert's lever fine acting, ('5) Berger's
endless screw. The first of these is seen in the Zeiss'

microscope (1886), where a left-handed micrometer
screw with a hardened steel point presses on a hardened
steel plate. In this, one revolution of the milled head
causes a movement of i /loi inch. The second is met with
in Messrs. Watson's microscope, where a lever of the first

kind with unequal arms is interposed. This arrange-
ment not only greatly reduces the weight bearing on the
fine adjustment, but slows the speed down to 1/350 inch
for one revolution. This speed is not at all too slow, as
any lens possessing a fair optical index is excessively

nzL

sensitive to focal adjustment when a | illuminating cone
is used. The differential screw fine adjustment occurs
in the microscopes of Messrs. Baker and Messrs. Swift.
Its advantage is that fine movements are obtained by the
use of coarsely threaded screws, thus reducing the
liability to wear and tear. Any degree of slowness may
be obtained, but 1/200 inch is adopted by the makers.
Herr Reichert's fine adjustment is especially suited to
the Continental model, and consists of an mgenious
adaptation of a double lever of the second order to the
usual direct-acting screw (Fig. 2). It is arranged for
movement of 1/200 inch.

For fuller information see " On the Evolution of the Fine Adjustment,"
. 3 Mr. E. M. Nelson (Journal R.M.S. 1899, pp. 366-373).
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Herr Berger's (Zeiss) is another great improvement ii>

fine adjustments, and is on an entirely novel plan. The
extremity of the micrometer screw comprises a hori-

zontal toothed-wheel, which is actuated by an endless

screw, terminating in the usual micrometer knobs.

This arrangement permits of any degree of sensitive-

ness, and is ingeniously packed away in a hollow part

of the limb, so that the fine adjustment is both dust-

proof and out of risk from any accidental injury. A
valuable feature in the contrivance is a device for pre-

venting strain on the fine adjustment from over-winding.

This particular microscope is intended for the highest

class of work, and possesses another good feature, in

that the arm can be made to extend to any length over
the stage without increasing the pressure on the fine

adjustment. Thus an error in the original design of the

Continental model, viz. the shortness of the distance

between the limb and the optic axis, is corrected.

In Pillischer's international microscope a serious

attempt has been made to reduce the inconveniences
inseparable from stage-clips. He secures these to a bar,

which, by means of a flange piece, raises or lowers then>

simultaneously^ so that their points press on the object

slide with any desired degree of pressure.

The use of large slides has led to a corresponding
increase in the size of the stage, as well as in improved
stage-finders and mechanical movements. There is a
marked tendency to make the stages completely rotatory.

Among special stages, that of Herr Kraus (Reichert

and Co.) is perhaps the most notable. It is heated by an
electric current passed through a coil of platinum im-

mersed in the liquid paraffin with which the stage box
is filled. Regulation is accomplished by an ingenious

contact thermometer, a device which resembles an
ordinary thermometer, except that it is open at the toj>

end. A platinum thread can be set in the tube at any
desired temperature, and, when the mercury has risen

and has met this thread, an automatic arrangement
switches off the supply current. If the platinum and
the mercury break contact, the current re-enters. The
apparatus is said to be capable of rapidly producing and
sustaining a temperature constant to o'i° C.

In the department of lenses, Messrs. Watson have
brought out their holoscopic eye-pieces, in which one
lens-mount slides within the other, telescope fashion,

thus forming a very convenient arrangement, easily

adjustable as an over-corrected or under-corrected ocular

as desired. The appropriate graduations are engraved
on the tube.

Messrs. Zeiss have issued, at Dr. Hartwig's suggestion,

a very useful series of low-power objectives, callea
" planktonsearchers," which are to be immersed in a
trough of water, and so used for exploring it. They are

made of Jena glass, and present an image completely
plane and free from astigmatism quite close up to the

periphery. The microplanar series of objectives by the

same firm are used for projecting micro-slides on a

screen, and give a wonderfully good ten-feet picture

remarkably plane, sharp and well-defined, even to the
limits of the field.

Another important set of objectives is Messrs. Leitz'

series of achromatics. These are made of Jena glass

free from fluorite. They are so well designed and cor-

rected that they give results but very little inferior to the

best apochromatics. Their freedom from fluorite renders
the risk of atmospheric deterioration insignificant. More-
over, they are sold at so low a price that Messrs. Leitz

must be admitted to have outstripped all other opticians

in this particular detail.

Mr. H. J. Grayson, of Melbourne, has by an unknown,
process produced some very fine examples of ruled test-

plates, the rulings being executed in various gradations-

of fineness, as far as 60,000 lines per inch, and 2000 lines,

per millimetre. The accuracy of the work is remarkable
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and the mounting in realgar (m = 2-5) makes the lines

stand out with a distinctness and brilliancy hitherto

unknown.
The Royal Microscopical Society have, after careful

consideration and after full consultation with microscope

makers, drawn up a code of standard sizes for eye-pieces

and sub-stage fittings. It is to be hoped that this

important and useful step towards universality will be

generally adopted. Alfred N. Disney.

T
THE FORTHCOMING MEETING OF THE

BRITISH ASSOCIATION.
HE meeting of the British Association, which is to

be held in Bradford this year, promises to be an

unusually large and important one. Bradford being mid-

way between London and Edinburgh, serves as a common
meeting-ground for scientific men from the south of

England and from Scotland and Ireland, and it is within

easy reach of the Midland and Northern University

Colleges. Bradford and Leeds are so close together that

for such a purpose as this they are almost one city,

and the Bradford Committee, therefore, have the advan-

tage of the Yorkshire College being practically on the

spot. The last meeting of the British Association in

Bradford was held in 1873, but since that time the city

(which, by the way, was then only a town) has practically

been re-built, and has grown and developed in a manner
resembling the progress of an American rather than that

of an English town.

It is, therefore, much better provided now with hotel

accommodation and with public buildings suitable for

reception and sectional rooms. It is probable that the

number of visitors will be far above the average ; already

some sixty or seventy Fellows of the Royal Society have
announced their intention of being present, and pro-

fessors and eminent lecturers from nearly every Univer-

sity in England, Scotland and Ireland have promised to

attend. The Church will be represented by the Bishop
of Ripon, the legal profession by the Master of the Rolls

and Lord McLaren, and the names of over a score of

members of both Houses of Parliament have been
sent in.

The meeting will commence on Wednesday, Septem-
ber 5, when the new President, Prof. Sir Wm. Turner,

of Edinburgh, will deliver his address in St. George's

Hall. On the following evening the Mayor of Bradford
will give a conversazione in St. George's Hall, at which
it is hoped there will be exhibits illustrating the most
recent scientific work. On Friday evening the lecture

will be delivered in St. George's Hall by Prof. Gotch,

F.R.S., on "Animal Electricity." The lecture to artisans

on the Saturday will be given by Prof. Silvanus Thomp-
son, F.R.S., and it is expected that there will be an
audience in St. George's Hall of 4000 to 5000 working
men. On Monday afternoon the Mayor and Corporation

will give a garden-party in Lister Park, and in the

evening an address will be given by Prof. W. Stroud
on " Range-Finders." The Mayor and Corporation
will give another large conversazione on Tuesday
evening, and on the Wednesday evening a concert will

take place in St. George's Hall with the Permanent
Orchestra and the Festival Choral Society, under the

conductorship of Mr. Fredk. Cowan. There will also be
one or two eminent vocalists.

During the week there will be a textile exhibition at

the Technical College, which will illustrate the various

processes of the local industries, and the machinery em-
ployed can be seen in motion. There will be a reception

at the College on Thursday afternoon, September 6, and
the smoking concert in honour of the President will also

be given at the Technical College, after Prof. Gotch's
lecture on Friday.
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Excursions to places of interest in the neighbourhood

will be made on Saturday, the 8th, and on Thursday, the

13th; among the places selected are Bolton Priory,

Ripon and Fountains Abbey, Malham, Clapham and
Ingleton, the Nidd Valley, Farnley Hall, Haworth,

Ilkley, Knaresboro' and Harrogate.

It has become an established custom to publish locally

in the towns visited by the British Association a hand-

book contaiping a review of the objects of scientific

interest and of the social and industrial conditions which

prevail in the district. Many of these handbooks have

been excellent in their character, and have covered

ground altogether unexplored by the ordinary guide-

book.
There is every prospect that the handbook published

in connection with the Bradford meeting of the Associa-

tion will be marked by the same width of view and
thoroughness of execution, and may prove of permanent

value. The work has been taken up with energy by the

Publications Committee, of which Mr. Harry Behrens is

chairman, and Mr. Mortimer Wheeler is honorary

secretary and editor.

The book will be divided mainly into three sections.

The earlier will deal with the history of Bradford and

the development of the Bradford trade, under the following

sub-heads :—(i) Prehistoric archaeology, for which Mr.

Butler Wood, chief librarian of the Bradford Free

Libraries, is responsible : (2) the historical record of

Bradford through mediaeval times to the middle of the

i8th century, which has been undertaken by Mr. Harry
Speight ; and (3) the social life and development of

Bradford from the middle of the i8th century to the

present, which is in the hands of Mr. Halliwell Sutclifte,

the novelist. To this section there will be addenda on

the local dialect, the local folklore, and the local place-

names, including street-names, which will be written by

Mrs. Wm. Wright (of Oxford) and Mr. Butler Wood.
The second section of the volume, of which Mr. John

Bacchus is sectional editor, will deal comprehensively

with the Bradford industries and institutions. The
following are sub-heads :—Introductory notice and
description of the staples employed in the Bradford

trade; description of the processes in combing, spin-

ning, weaving, dyeing and finishing ; merchanting in the

textile trade ; the iron trade and machinery-making ; the

stone trade and minor industries ; the Chamber of

Commerce and the Exchange.
The third part of the book, which is under the sec-

tional editorship of Mr. J. E. Wilson, will deal with the

scientific material of the locality, the flora, fauna, geology,

meteorology, climate and public health. There will be

in addition a number of pages devoted to the topo-

graphy of the district, for which Mr. J. H. Hastings is

responsible.

In addition to the handbook, the Publications Com-
mittee have in preparation a series of small guides to the

various places to which excursions are to be made.
These will be issued in the form of a small portfolio, and
each guide is being prepared on a scheme similar to

that of the handbook, local specialists being called upon
to describe the archa?ology, geology, botany and zoology

of the various districts.

In regard to the accommodation of visitors, it is not

anticipated that, in spite of the large influx of strangers,

there will be any difficulty in finding comfortable quarters

for everybody. Bradford is well provided with hotels, the

two largest of which, the Midland and the Great Northern,

can put up a great number of guests. All the available

accommodation at the Royal Hotel has been secured by
the local committee in order to provide for the secretaries

of the different sections, who, of recent years, have been

in the habit of lodging together. A large amount of

private hospitality will be provided by the inhabitants of

Bradford, and the Hospitality Committee is also drawing
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up a list of furnished apartments, which can be had on
application. It is important, however, that all persons
proposing to attend the meeting should give a long
notice of their intention, in order to facilitate the

arrangements which the Committee wish to make for

their comfort. Ramsden B.\CCHUS.

NOTES.
A Conference of delegates for the International Catalogue

of Scientific Papers was held at the Royal Society on Tuesday

and Wednesday.

The second of the two soirees held annually at the Royal

Society will take place on Wednesday next, June 20. This is

the soiree to which ladies as well as gentlemen are invited.

Mr. C. E. Borchgrevink will give an account of his

Antarctic work at the meeting of the Royal Geographical

Society on Monday, June 25, instead of June 18, as previously

announced.

The annual visitation of the Royal Observatory, Greenwich,

will take place on Tuesday, June 26. The visitation has pre-

viously been held on the first Saturday in June, and the change

of the customary date is due to the absence of the Astronomer

Royal, and other astronomers, for the purpose of observing

the solar eclipse. This does not, however, explain the change

of day.

On the occasion of the retirement of Sir Frederick Bramwell

from the office of honorary secretary of the Royal Institution,

the managers of the Institution unanimously resolved " to place

on permanent record an expression of their high appreciation

of the admirable way in which he has performed the duties of

that office and of his signal services to the Institution generally."

The death is announced of Dr. Julius Althaus, the distin-

guished physician and neurologist. He was the author of works

on "Diseases of the Nervous System," "Failure of Brain

Power," " Diseases of the Spinal Cord," " Medical Electricity,"

" Influenza" and " The Spas of Europe," and was an authority

upon the use of electricity in medical practice.

The next lecture of the Zoological Society of London will be

deUvered at the Society's Meeting Room, on Thursday, June 21,

at 4.30 p.m., by Prof. E. Ray Lankester, F.R.S. The subject

will be the gigantic sloths of Patagonia.

At the last meeting of the Royal Society of Edinburgh, the

following were elected as British Honorary Fellows :—Dr.
Edward Caird, Master of Balliol College, Oxford ; Dr. David
Ferrier, professor of neuro-pathology, King's College, London

;

Dr. G. F. Fitzgerald, professor of natural and experimental

philosophy. Trinity College, Dublin ; Dr. Andrew Russell

Forsyth, Sadlerian professor of pure mathematics in the

University of Cambridge ; Dr. Archibald Liversidge, professor

of chemistry in the University of Sydney ; Dr. T. E. Thorpe,

principal of the Government Laboratories, London ; and, as

Foreign Honorary Fellows :—Dr. Arthur Auwers, secretary.

Royal Prussian Academy of Sciences; Prof. Wilhelm His,

Leipzig; and Prof Adolf Ritter von Baeyer, Munich.

The celebration of the centenary of the Royal College of

Surgeons of England will commence on July 25 with a conver-

sazione at the College. On Thursday, July 26, a centenary

meeting will be held at the University of London, when an

address will be delivered by the president. Sir William Mac-
Cormac, and honorary fellowships will be conferred. On
Friday, July 27, there will be a conversazione at the Mansion
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House. The Committee have issued invitations to foreign and

colonial surgeons, and propose to issue invitations to certain

persons of distinction residing in Great Britain and Ireland.

A short history of the College, with eight illustrations, has been

prepared, and will be presented to guests invited to the centenary

celebrations.

The new clinical laboratories of Westminster Hospital were

opened by Lord Lister on Tuesday, in the presence of a distin-

guished company. The laboratories have been added to the

hospital to provide for a more scientific and systematic examina-

tion of disease than can be carried out satisfactorily in the wards.

A few particulars concerning the work of the hospital were given

by Sir J. Wolfe-Barry, K.C. B., and are reported in the Times.

Westminster Hospital was, he said, one of the oldest hospitals

in London, having been founded in 17 19. 30,000/. had been

spent in bringing the hospital up to modern requirements, and
in 1899 it was decided to add clinical laboratories and improve
the isolation wards and nursing accommodation. In time they

hoped to institute an electrical laboratory fitted with the

apparatus for the Rontgen rays and micro-photography. To
meet these expenses 10,000/. was wanted.—Dr. Lazarus-Barlow,

in giving a detailed account of the laboratories, said the hospital

tried to keep in front of all research and modern improve-

ments, scientific and clinical. The laboratories contained all

the most recent apparatus for the clinical work of the hospital.—
Lord Lister said it was no less a pleasure than an honour to

him to take part in that day's ceremony. The beautiful clinical

laboratories they had inspected would give the physicians of the

hospital an opportunity of bringing to bear on their cases the

most advanced knowledge and the most refined methods of in-

vestigation. Many a diagnosis which would otherwise be

obscure would be rendered clear in those rooms. He need

hardly say that the correct diagnosis was directly proportioned

to successful treatment. In respect of what Sir J. Wolfe-Barry

had said, he himself felt convinced that those who had worked

in the laboratories would not only benefit patients in the hospital,

but would also, unfailingly, be able to extend the boundaries of

knowledge and promote the now rapid advance of pathological

and therapeutic knowledge. The laboratories would also be of

service as a powerful means of affording sound practical know-

ledge to the student.

During the early part of the present week a wave of unusual

heat has passed over parts of England, accompanied by brilliant

sunshine. In the neighbourhood of London, the shade thermo-

meter rose to 89 on„ Monday, the lith inst., and thunderstorms

occurred over several parts with heavy rainfall, amounting to

an inch in the Midland Counties. So high a temperature has

not occurred at so early a period of the summer in the neigh-

bourhood of London for more than fifty years. A sharp thunder-

storm also visited London about 10 a.m. on Tuesday, and

another occurred in the evening ; there was also a renewal of

severe thunderstorms over a large part of England. The

temperature on Wednesday was considerably lower than on

the preceding days.

From St. Petersburg to Vladivostok by way of the Arctic

Ocean is (says the National Geographic Magazine) the plan of

itinerary of an exploring party that early in June leaves the

former city on the steamer Aurora. Six men of science and

twelve sailors, all experienced in Arctic travel and led by Baron

Toll, make up the party. Their special object is the careful

exploration of the Arctic regions north of Siberia. After a brief

stop at Tromsb, Norway, and at the new Russian port of

Catherine Harbour, on the Lapland coast, they will proceed to

the Taimur Peninsula, west of the Yenisei River, and there

establish their winter headquarters. The neighbouring territory
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is to be explored during the winter of igcxs-igoi. On the break-

ing up of the ice, about August 1901, it is proposed to push on

to Sannikoff Land, discovered by Baron Toll in 1886 and as yet

unexplored, and later farther northward to Bennett and De Long

Islands, following the routes of ih& Jeannetie in 1881 and of the

From. The winter of 1901-1902 will be devoted to determining

whether this group of islands extends to the Pole. When the

water route reopens in 1902 they will resume their voyage to

Bering Strait and reach Vladivostok in the autumn of the same

year.

The application of science to the great problem of mechanical

traction is revealing the fact that at no distant date the motor

car, or automobile, will be regarded a decided success in every

respect. Electricity, steam and oil are still fighting for the

paramount position of best agent for propulsion, and, on this

account, trials and experiments always prove of interest. The

Ens^neer (May 25) describes a series of trials for touring

vehicles at the Paris Exhibition, and out of thirty-seven cars

competing we find that three were driven by steam, and all the

remainder propelled by petroleum motors. Among the more

recent improvements on the heavier classes are smaller driving

wheels ; the motor still develops about six horse-power for cars

carrying four or six passengers, their lower centre of gravity,

owing to their smaller wheels, also proving an advantage when

rounding corners at high speed. After exhaustive trials em-

bracing distance, manipulation, grades, &c. , medals were awarded

to the makers of the following vehicles : the " Peugot " car, the

"Delahaye" car, the " De Dietrich" car, and the " Panhard

et Levasser" wagonette. All these are driven by petrol

motors ; for this kind of work, therefore, petrol stands in

good stead, and it will be of interest to see whether this agent

or steam is adopted for freight vehicles of a much heavier

description.

Though the articles upon scientific subjects in popular

magazines can often only be called scientific by courtesy, yet we

like to think that their presence in increasing numbers indicates

a growth of public interest in the progress of science. Pearson^

s

Magazine usually contains contributions which are instructive

as well as interesting ; and the reader who is no longer thrilled

by episodes in the lives of freebooters, mysterious knights and

similar personages over whom the glamour of the past may be

thrown, must find relief by turning to the articles in which

imagination is tempered with truth. In the June number of

the magazine, we find an account of the destruction of the jack

rabbit of the United States, by driving them into a corral, as

described and illustrated in Nature several years ago. M.
Flammarion's experiments on the growth of plants under

different coloured glasses, also described in these columns, form

the subject of another interesting article. Mr. George Griffith

concludes his story of imaginary visits to other worlds by means

of a machine moved by a force with peculiar properties. If we may
venture a criticism of this series of contributions, it is that Mr.

Griffith's ideas are too anthropomorphic, and too limited by the

present state of knowledge of the objects visited by his inter-

planetary travellers. Some of the work of the U.S. Fish Commis-

sion in pisciculture forms the subject of a short illustrated article
;

and an interview with Prof. Milne, illustrated by several seismo-

grams, contains much interesting popular information upon

earthquake waves. Finally, a number of reproductions of

photographs of faces of athletes at the moment of victory are

reproduced. The photographs are interesting to students of

facial expressions, and a curious point revealed by them is that

only in one case of the hundreds of photographs from which the

selection was made is a pleasant expression upon the face of

the winner.
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A NOVEL way of making building land is being carried out

not far from New York. The rapidly growing population of

this city has made ground scarce on which to build villas and
houses for the summer resort of the inhabitants

; but the enter-

prise of the American builder is equal to the emergency, and
land is now being literally pumped up from the sea, on which it

is intended to erect houses, and to create a new suburb. The
site chosen for this venture is the Nassau Beach, on the shore of

Jamaica Bay, in Long Island, not far from Brooklyn. The salt

marshes bordering on this coast, which for centuries have been
overflowed by the tides, and which, of course, while in this

condition were utterly unfit for building purposes, are being

raised from four xo six feet above high water by pumping up the

sand, shells and gravel which form the floor of the bay, and
delivering this on to the land to be reclaimed. The process

adopted to attain this end is as follows :—A powerful suction

dredger raises the material from the bed of the bay at the rate

of 18,000 cubic yards a day, and with this five times the volume

of water, which is sufficient to carry the sand and gravel along

the twelve-inch pipes which deliver it on the low land. The
water flows off by ditches along a more or less circuitous route

back to the bay, the dredged material settling and quickly dry-

ing, and forming solid land. The thickness of the material

when first deposited averages about eight feet, but there is

shrinkage as it dries and consolidates. Ten acres have thus

been raised since the pumping began a few months ago. A
raised road and promenade two miles long and seventy feet wide,

and an electric railway, will connect this new suburb with the

railway to Brooklyn and New York.

We have received the first numbers of the Boletim Mensal of

the Rio de Janeiro Observatory. The work contains much
useful information, chiefly contributed by Sr. L. Cruls, the able

director of the Observatory, and it will form a welcome addition

to current meteorological literature. As long ago as 1887, Sr,

Cruls issued a large number of circulars to all meteorological

organisations with the object of collecting data for a climato-

logical dictionary. For want of adequate resources, this valu-

able compilation has not been published ; but we are glad to

see that he intends to utilise the bulletin for the publication of

some of the principal results. The number for February con-

tains the annual means and extremes for twenty-nine stations in

Japan. Another paper worthy of special note is that by Sr.

Pereira da Costa on the earliest observations made in Brazil.

Readers of Mr. Fitzpitrick's "Transvaal from Within"
will recollect his reference in an appendix to a discussion which
took place in President Kriiger's Volksraad on the wickedness

of firing guns in order to bring down rain. We learn from the

Corriere della Sera that the practice of firing cannon as a pre-

ventive of hail has been adopted lately in Italy with successful

results. On May 25, at about 17 o'clock or 5 p.m., three suc-

cessive storms collected in the neighbourhood of Rogeno
(Como), the clouds of which were evidently charged with haik

At a given signal fourteen cannon opened fire on the clouds, with

the result that nothing fell except a little sleet, here and there.

On the same day a vast amount of damage was done in the

vicinity of Alessandria by hailstorms passing over the districts

of Rocchetta, Tanaro, Masio, Felizzano and Quattordio about

16 o'clock (4 p.m), the hailstones in some places massing to a

depth of 50 cm. In the districts where cannon were adopted

for dispersing the hail, the results exceeded all expectations ;

while in many parts of the district where this precaution was

not taken the vineyards were completely destroyed

Actuarial experience is of distinct value in connection with

the application of the statistical method to biological problems ;

therefore it is of interest to learn from the annual report of the

Institute of Actuaries that the mortality investigation, which is
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being conducted jointly by the Institute and the Faculty of

Actuaries, has made material progress under the honorary super-

vision of Mr. T. G. Ackland. The volume containing the un-

adjusted data of the annuity experience has already been pub-

iished. It has been decided to include in one volume the

unadjusted data relating to endowment assurances and minor

classes of assurance (male and female) ; and the council report

that this volume, forming a second of these series, is now com-

pleted, and on the eve of publication. The extensive tables

comprising the unadjusted data for whole-life assurances (male

lives), are in the primer's hands, and will, when ready, form a

third volume of the series. These will be followed, so far as the

unadjusted data are concerned, by a fourth and final volume,

which will contain the experience of whole-life assurances (female

lives). The tables to be included in this final volume are finished,

and are in course of being copied for the printer.

We learn from Science that the University of Illinois has

fallen heir to the Bolter Collection of Insects. The collection

numbers approximately fifteen thousand species, represented by

about seventy thousand specimens, besides thirty thousand

duplicates not in the systematic collection. This collection,

accumulated during the last fifty years by the late Andreas

Bolter, is remarkable for the excellence of the material and for

the exquisite care with which it has been prepared and arranged.

It represents all orders of insects and North America in general,

and contains also a considerable amount of exotic material. The
gift was made by the executors of Mr. Bolter, in accordance

with the terms of his will, conditional upon its maintenance as a

unit, under the name of the " Bolter Collection of Insects," in a

fire-proof building.

In the Irish Naturalist for June, Prof. R. J. Anderson
endeavours to account for the circumstance that in certain breeds

of domesticated fowls the keel of the breastbone is crooked.

It is somewhat curious to find that these crooked keels occur

only in pure bred birds, the ordinary barndoor fowls having the

keel straight. After consulting with a number of poultry

breeders, the author comes to the conclusion that in-and-in

breeding, the nature of the perches, the season, early hatching,

defective food and cold may all contribute to the production of

the abnormal condition.

In the Christiania Nyt Magazin for Naturvidenskaberne,

vol. xxxviii. Pt. I, Dr. G. Guldberg publishes some observations

on the body-temperature of the Cetacea, in which he shows how
extremely imperfect is our knowledge of this subject. As he
remarks, it is a matter of extreme difficulty to obtain the tem-
perature of living Cetaceans, although this has been taken in the

case of a white whale and a dolphin, which some years ago
were kept in confinement in a pond in the United States. With
the larger whales such a mode of procedure is, however,
obviously quite impracticable, and we have accordingly to rely

on post-mortem observations. The layer of blubber by which
all Cetaceans are protected from cold renders the post-mortem
refrigeration of the blood a much slower process than in most
mammals, so that such observations have a much higher value
than might at first be supposed to be the case. Indeed, the

blood-temperature of a specimen of Sibbald's rorqual three days
after death still stood at 34^ C. The various observations that

have been taken have afforded the following results in individual
<:aj-«y.—Sperm-whale, 40^ C. ; Greenland right whale, 38 8° C.

;

porpoise, 35 -e' C, liver of a second individual, 37 -8° C;
common rorqual, 35 "4° C. ; dolphin, 35 -6" C. The average
blood -temperature of man is 37° C, and that of other mammals
39' C. ; while that of birds is 42° C. The record of 40° C. in

the case of the sperm-whale seems to indicate that at least some
Cetaceans have a relatively high temperature,
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Prof. F. E. Nipher, in a communication to the Academy
of Science of St. Louis, has recently described some experiments
that he has made in photographic '* reversal," one of his aims
apparently being to find a useful method of manipulating photo-
graphic plates without the need for the exclusion of light from
them. The advantage of such a method is obvious when the
experiments incur the possibility of light being accidentally pro-

duced, as in electrical work. He exposes the plates to light for

a few days before use—" to the light of an ordinary room."
The other descriptions of exposures are also vague, the time
being given, for example, of camera exposures, but with no
record of the lens aperture or indication of the character of the
light. It is, therefore, not possible to follow the experiments
described in other than a qualitative way. Prof. Nipher has
taken street views, Rcintgen ray photographs, and " electro-

graphs," on plates -that have received preliminary exposures,
and developed them by the light, for example, of a sixteen
candle-power incandescent lamp, at a distance of from about
I to 5 feet. The exposure on the object was, in one case, about
forty times the exposure that would have been required for

making an ordinary negative ; the over-exposed and pre-exposed
plate giving, of course, a positive image. A good deal of work
has already been done in this direction, but the uncertainty of
the reversal, and the great difficulty of getting rid of mixed
results of reversal and non-reversal, have so far prevented any
practical use being made of the possibilities of these methods.

Such experiments as Prof. Nipher describes are interesting

qualitatively, but before any process of the kind can be safely

recommended for general use in cases where it might be advan-
tageous, it will be necessary to determine the range of conditions

that can be relied on to give simple, that is, unmixed results,

and this can never be done by working with such objects and
processes as are described in this communication. We would
suggest the use of a series of graduated exposures, with a
measurement of the opacities produced, and then the ordinary
negative image and the reversed image could both be traced.

The character of the reversed image could be judged of, and the
range of exposures through which its production could be relied

upon could be determined. Until some definite information of

this kind is available, experiments in reversal will remain more
curious than useful. It appears from Prof. Nipher's communi-
cation that he is still pursuing the subject, and we hope that he
will succeed in placing the method on a firm foundation.

In a paper in the Berichte of the German Chemical Society,

Herr G. Kramer and Herr A. Spilker make the suggestion that

an important source of petroleum beds may be the oil which is

always diffused through the protoplasm of diatoms.

The Report of the Botanical Exchange Club of the British

Isles for 1898 has just been issued under the editorship of Mr.
James Groves. The occurrence of Stachys alpina in Gloucester-

shire is regarded as an undoubted addition to the native flora of

Great Britain.

We have received a prospectus of the " Scientific Roll and
Magazine of Systematized Notes," to consist of three volumes of

about 500 pages each, which will be supplied to subscribers for

\os. per volume, at the rate of one volume a year, commencing
in September 1900. The first part will be devoted to the

literature of the Schizomycetes. The compiler is Mr. A.
Ramsay, of 4, Cowper Road, Acton.

The Annual Report of the Royal Botanic Gardens, Trinidad,

for the year 1899, by the superintendent, M. J. H. Hart, gives

evidence of work done in the Gardens in connection with the

acclimatisation of foreign economical plants, and the study of

diseases of fruits and other crops, with the assistance of the Kew
establishment. The Bulletin of Miscellaneous Information, from
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the same Gardens for April, contains, in addition to some

natural history notes, a continuation of the descriptive list of

West India and Guiana ferns.

A 'SHORT obituary notice of the late Franz Ritter von Hauer

appeared in Nature for April 13, 1899. A full account of the

life and labours of this distinguished geologist has now been

published by Dr. E. Tietze (Jahrb. k.k. geoL Reichs. Wien,

Bd. 49). It is accompanied by a portrait, and by a list of

geological papers and books dating from 1846 to 1897.

Messrs. Williams and Norgate have just published a

sixth revised edition of "Prehistoric Times as illustrated by

Ancient Remains and the Manners and Customs of Modern

Savages," by Lord Avebury (Sir John Lubbock). The first

edition was published more than thirty-five years ago.

Prof. Prantl's " Lehrbuch der Botanik," upon which Prof.

Sydney Vines' " Students* Text-book of Botany" is based, has

reached an eleventh edition. The new edition has been revised

and enlarged by Dr. Ferdinand Pax, professor of botany, and

director of the Botanical Gardens, at Breslau. Mr. W. Engle-

mann, Leipzig, is the publisher.

Prof. Vivian B. Lewes has in the press an exhaustive

work on acetylene gas—a handbook for the student and manu-

facturer. The book will contain over 250 illustrations, and

comprises a history of acetylene, its preparation, properties and

chemical reactions, together with a complete list of legal enact-

ments in full concerning its manufacture, patents, and other

important data. Messrs. Archibald Constable and Co. are the

publishers.

Two publications of interest to botanists will be issued from

the Clarendon Press before long—the first part of the authorised

English edition by Prof. J. B. Balfour of Dr. K. Goebel's

" Organography of Plants," and Dr. A. Coppen Jones's transla-

tion of Prof. Alfred Fischer's "Structure and Functions of

Bacteria." The former brings within reach of English students

the only book of recent years upon its special subject ; the latter

is the only work on bacteriology of similar scope and mode of

treatment that has appeared in England since Dr. A. de Bary's

*' Lectures on Bacteria," a second edition of which appeared in

1887. This translation of Prof. Fischer's '* Vorlesungen iiber

Bakterien " should be welcome in pathological laboratories.

The Orient Company announce that the cruise to Norway,

Spitsbergen and Iceland will be repeated this summer. Their

steamship Cuzco, 3912 tons register, is appointed to leave

London on July 3, and to arrive back on August 4. After

visiting some of the most interesting Norwegian fiords, the

Cuzco will proceed to Spitsbergen, thus affording an opportunity

of viewing the midnight sun, as for five days and nights after

the ship leaves the North Cape the sun will be continuously

above the horizon. Thereafter the Cuzco will proceed to

Iceland, and her contemplated stay there of three days will

enable passengers to see some of the most interesting sights in

this remote island. The Faroe Islands will also be visited on

the way back to London, via Leith.

The purification of mercury is frequently necessary in physical

and physico-chemical work, the process generally relied upon

being distillation in vacuo. The apparatus in general use for

this purpose, although convenient, has the disadvantage of

being somewhat fragile, and requires large quantities of mer-

cury. Some doubts, moreover, have been thrown on the

efficacy of distillation as a purifying process, as Victor Meyer,

in 1887, showed that traces of foreign metals passed over even

after repeated redistillations. According to G. A. Hulett

{Zeitschrift fiit physikalische Chemie, xxxiii. p. 611), these

traces of foreign metals are carried over mechanically during

the bumping of the boiling mercury ; and if measures are
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taken to prevent this bumping, perfectly pure mercury can

be obtained in one distillation. Instead of the complicated

apparatus of Weinhold, or its various modifications, a slight

modification of the arrangement of two distilling flasks, with

a capillary tube for admitting air, as commonly employed in

organic work, was found to work perfectly.

Prof. Richards, of Harvard, continuing his valuable re-

determination of atomic weights, has lately published, in con-

junction with Mr. G. P. Baxter, a preliminary paper on the

atomic weight of iron. He points out that the value Fe= 56,

which is now used, is practically based on work of fifty years

since—being Wackenroder's corrected value of Berzelius' result,

which was based upon the conversion of metallic iron into ferric

oxide. In their preliminary determinations, Messrs. Richards

and Baxter have reduced ferric oxide to the metal. The ferric

oxide was prepared in the first case from ferric hydrate, which

itself was prepared with elaborate precautions from very pure

iron ribbon. The mean of two closely agreeing determinations

gave Fe = S5'900. In the second case, ferric oxide was prepared

with equal care from ferric nitrate. The mean value of five de-

terminations gave Fe = 55'883. Further determinations are

promised, but meanwhile the higher value of the older number

(Fe = 56) is explained as probably due to one or more of the

following causes :—The possible presence of magnetic oxide in

the ferric oxide ; the possibility of incomplete reduction during

the analysis of the substance ; the possible presence of alkaline,

siliceous or other non-reducible material. At the present stage

of the work 55 "88 may be taken as the most probable value.

The additions to the Zoological Society's Gardens during the

past week include a Sykes's Monkey {Cercopithecus albigtclaris)

from British Central Africa, presented by Mr. C. H. Ambruster 5

a Barbary Ape {Macacus inuus) from Algeria, presented by Mr.

R. S. Allen ; a Large Red Flying Squirrel {Pieromfs iiwrnaius)

from Northern India, presented by Mr. A. Dudley Yorke ;

three Goshawks {Astur palunibarius), European, presented by

Mr. John Simonds ; a Little Egret [Ardea garzetta) from

North-west Africa, presented by Mr. J. H. Yates ; an Allen's

Porphyrio {Hydrornia alleni), captured at sea, presented by

Miss Wallace ; a West African Python {Python sebae) from

West Africa, presented by Francis E. Colenso ; a Green Lizard

{Lacerta viridis), European, presented by Miss Mabel A.

Heaton ; a Common Snake
(
Tropidonotus natrix), British ; two

Mocassin Snakes (
Tropidonotus fasciatus) from North America,

presented by Mr. W. H. St. Quintin ; a Lion [Felts leo, i ) from

Kattiwar ; a Nylghaie {Boselapktis tragocainelus, <J ), two Four-

horned Antelopes {Tetraceros quadricornis), three Indian

Gazelles
(
Gazella bennetti) from India ; four Bearded Lizards

(^4;///^?7i?/Mr««i5ar(5a/z<5), two Stump-tailed Skinks {Trachysaurus-

rugosus) from Australia, five American Box Tortoises (Cistttdo

Carolina), six Stink-pot Mud Terrapins [Cinosternum odoratum)

from North America, deposited ; a Rocky Mountain Goat

{Haploceros montana, 6 ) from British Colombia, two Cuitning

Bassaris {Bassaris astuia) from Mexico, five Gentoo Penguins

(
Pygosceles taeniatus) from the Falkland Islands, a Three-toed

Sloth {Bradypus tridactylus) from British Guiana, purchased ;

two Japanese Deer (Cervus sika), a Burchell's Zebra (Equus

burchelli, S ), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
Rotation Period of Venus.—In the Astronomische

NcLchrichten (Bd. 152, No. 3641), Prof. A. Belopolsky gives the

detailed measurements of the photographs of the spectrum of

Venus taken during the recent favourable disposition, from
which he has been enabled to confirm the short rotation period

of the planet.

The spectrograms have been made with the 30-inch refractor

at the Observatory of Pulkowa,usingtwo different spectrographs,
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one of which was provided with two simple prisms, the other
having three compound prisms. The spectra being obtained,

the inclination of the spectral lines and the difference of wave-
length of the light coming from the two opposite equatorial

limbs of the planet is measured, and alter corrections being
applied for the inclination of the planet's equator to the line of
sight, the resulting displacement indicates the e((uatorial velocity.

As the light from the planet is reflected sunlight, the value
measured is, of course, double the actual velocity.

The complete measures from fourteen plates taken with the

two-prism spectrograph, and from five obtained with the instru-

ment furnished with three compound prisms, are given. The
values adopted are the means of measurements of from six to

sixteen spectrum lines on each plate.

The photographs were obtained on the evenings of March 25,

30; April 4, 6, 7, 8, 10, II, 20, 28; May 4, 5, 13, with ex-

posures varying from 7m. to 60m. The angular diameter of the

planet varied from 8 "•6 to ii"'0. With the 30-inch refractor,

of about 40 feet focal length, the linear diameter at the principal

focus was I "2 mm., and this was further reduced by the relative

f)ci of collimator and camera objectives to o"8 mm. on the

photographic plate.

From the difficulty of the determination it is to be expected
that the several means should vary for the different plates ; but
the extreme values given still prove the short rotation period.

Taking the diameter of Venus to be 12,700 km., the values of
the equatorial velocity {v) are as follows, the corresponding time
of rotation (T) being placed under each :

—

7'= 07 o"5 0*462 o*45 0'3 km. per sec.

T=i5-9 22*1 24-0 24-6 370 hours.

The author expresses the hope that the astronomers having the
control of the large telescopes at the Potsdam, Lick and Yerkes
Observatories will repeat his observations for confirmation or

revision.

New Variable in Auriga.—Dr. T. D. Anderson, of Edin-
burgh, announces in the Astronomische Nachrichten (Bd. 152
No. 3642), the detection of a new variable star in Auriga. It is

not charted in the B.D. , and has the following position :

—

Decl. = ^ 50°i4'J^'^55o)

The changes in brightness during April and May 1900 were
from 8*3 to 8 '8 magnitude.

Photographic Observations of Satellite of Neptune.
—In the Astronomische Nachrichten (Bd. 152 No. 3642), M. S.

Kostinsky gives the particulars relating to a series of deter-

minations of the satellite of Neptune, obtained from measures of
photographs taken with a telescope of 13 inches aperture at

Pulkowa. Many of the difficulties encountered in the photo-
graphic delineation of two neighbouring objects of very different

brightness have been previously discussed by the author {Bull.

de PAcad. Imper. des Sc. St. P^tersbourg, vol. vii. November

I

1897). In the present case of Neptune the problem is rendered

I

slightly less difficult by the feeble brightness of the planet and
I the slow movement of the satellite.

j

The photographs described were obtained during the period

i

1899 February 4-March 25. the plates having exposures varying

j

from 20m. to 60m. A table giving the corresponding calculated

I

and observed values shows the method to be very accurate.

SOME NOTES ON THE LATE PROF. PIAZZI
SMYTHS WORK IN SPECTROSCOPY.

1 AMENTING, as we must do, that time has stolen from us

a mighty Ajax in the field of science, a sturdy, patient Atlas
who through more than half of this fast waning century robustly

upheld on his strong shoulders the growing spires and archi-

traves of science's ever-increasing edifice, it is with keenest
sorrow that the writer of these notes turns over the ample pages,
rich to profusion in details and superb in colour, of the monu-
mental works of spectroscopy left to us by the late Prof. C.
Piazzi Smyth, with the nearly hopeless intention of endeavouring
to give a short account of some of his most conspicuously im-
portant contributions to that branch of science. The late Prof.

Smyth was, indeed, no dilettante in the intricate and difficult

but fertile and alluring byways of science to which his leisure

moments were devoted ; and he was far from conceitedly or
afiectedly pedantic in the grasp of science which he brought
to bear upon his philosophical investigations. Although these
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embraced a range oi astronomical and meteorological subjects

which would singly engage all the energies of most men, and
their whole lifetimes to study with success, yet his mastery of

the state of science in the questions which he set himself to solve

or to explore, was acquired with so much inventive skill, un-

sparing pains and ardour, as always to make the character of the

work which he accomplished in them permanent and thorough.

Well accustomed as he was from his youth, and trained from
boyhood,^ to delicate telescopic, angular and micrometrical

measurements by eye and hand, he further possessed a gift of

great artistic skill in committing to paper, canvas, and even to

frescoes, beautiful drawings, photographs and coloured paintings

of the scenes of travel which he witnessed, and of sights which
clouds, the heavens, or his laboratory experiments disclosed to

him. This accomplishment, well illustrated, long ago, by his

publication in the Edinburgh Philosophical Transactions (vol.

XX. pt. iii. ) of a scene of darkness on the coast of Norway, near
Bergen, during the Total Solar Eclipse of July 1851, contributed

again in colours from his original, carefully kept paintings of the

scene, together with a similar view of the Zodiacal Light as

seen at Palermo in April 1872, to a new illustrated work on
astronomy published by Messrs. Cassell and Co. in 1894, led him
to leave to others the study of the actinic spectrum-regions with
the aid of photography, and to restrict his spectrum -measure-
ments entirely to all that could be seen and measured by the

eye alone, of the solar spectrum, or of the characteristic features

of gaseous bright-line spectra, in the whole visible portion of

the spectrum only.

In his keen perception of all the grand sublimities of law and
order by which Nature's works are everywhere controlled and
guided and sustained, and in the constant intentness of his mind
to seek out these nature's workings, and to promulgate lucidly

and clearly his own perceptions and interpretations of them,
Ki<chhoff's great discovery, in 1859, that the chemical constitu-

tion of the sun could be read in its light's prismatic spectrum,
constrained him like a spell, as it quickly did many other physi-

cists, to devote much of his leisure time and abilities to spectro-

chemical researches. New striking truths were taught in 1860-61

by Sir William Huggins' not less surprising discovery from
observations of their spectra, of the gaseous conditions of certain

nebulre, and by Sir David Brewster's and Dr. J. H. Gladstone's

majestically mapped separation from the really solar dark lines

in the sun's spectrum, of its low sun, or terrestrial atmospheric
lines, soon afterwards distinguished by Secchi, Angstrom
and the first detector of the "rain-band" near solar D, in

America, Dr. J. P. Cooke, and especially by Dr. Janssen's

observations among the high Alps of Switzerland and experi-

ments with a long steam-tube in Paris, in 1866-7, in^o " aqueous-
vapour" and "dry-air" telluric lines. Kirchhoff's and Hof-
mann's first chemical investigation of the solar spectrum was
rapidly extended in the years from 1859 to 1868, with tables of

metallic and other elementary line-spectra by Huggins and
Miller, Mascart, Pliicker, Ditscheiner, Van der Willigen,

Thalen, Lockyer and others, into a wonderfully novel panorama
field of spectrum-analysis, chiefly applicable at first to celestial

chemistry and physics, but in such skilled hands as those of

Bunsen, Crookes, Reich and Richter, and later of Lecoq de
Boisbaudran and other able chemists, to the discovery also of new
terrestrial elements. The appearance at Upsala, in 1868, of

Angstrom and Thalen's classically accurate and chemically

expounded "Normal Solar Spectrum" map, with its line-places

in a natural diffraction -spectrum order of wave-length progres-

sion reckoned in " tenth-metres," or (io)'''th parts of a metre as

scale-units of wave-length,'^ and the detection with spectro-

scopes in the total solar eclipse of the same year in India, of the

hydrogen-flame nature of the sun's red prominences, seen in

full sunshine there by Dr. Janssen and almost simultaneously

also by Sir J. N. Lockyer in England, afforded to the new
1 Under Sir Thomis Maclear's care, in JB36, at the a^e of seventeen ; at

the famous Observatory at the Cap; of Good Hope, where, during the List

three years, the presence of oxygen was discovered by its line-spectrum in

certain southern stars by the indefatigable English amateur astronomer,
Mr. F. Maclean ; ar.d where both that discovery and another by Sir J. N.
Lockyer of the presence of siliciuni in the same stars, have been confirmed,
and made independently by its energetic Director, Sir David Gill, with a
noble spectrophotographic 24-inch refracting telescope presented to the
Observatory under his own directions and liberal care for its completeness
by the same munificent explorer of stellar spectra in the northern and the
southern heavens, Mr. Frank Maclean.

- It has now become a common usage in spectroscopy, microscopy and
molecular physics, to reckon such .small quantities as light wave-lengths in a
tenfold larger unit than the Angstrom one, denoting it by " mm," the
thousandth part of 'V," the thousandth part of a millimetre, " mm."
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study of spectroscopy at once a sound philosophic basis for

spectrum-definitions, and a new territory of interesting astrono-

mical investigations in the sun's glowing atmosphere, upon
which it was not remiss or slow to grow up in strength and
stature, expanding itself largely in new observational, practical

and theoretical directions, in the next following interval of ten

or fifteen years.

From the graphic mementos which he kept, as we have seen,

of the total solar eclipse of 185 1, and from his successful

attempts, described in 1858 in his well-known and most attrac-

tively illustrated volume on Teneriffe, to prove by visits (in that

year, and again in 1868) to the Island and Peak of Teneriffe, the

practical benefit to be obtained in astronomical observations, of

avoiding in great part the atmosphere's absorbing action on
the light of stars and planets by establishing observatories on
mountain heights, it cannot be doubted that these discoveries

with spectroscopes concerning the bright, ruddy light-flakes seen
round the sun, or round the moon's disc when the sun is totally

eclipsed, and regarding the particular rays of the sun's light

which undergo absorption in the earth's atmosphere, would, as

important contributions to our extremely circumscribed know-
ledge of the materials and physical conditions of planetary and
stellar atmospheres, greatly impress and interest him.

In the preface of his " Spectre Normale du Soleil," Angstrom
pointed out that the spectrum of the aurora, as he had frequently

observed it in the winter months of 1867-8, consisted almost
entirely, as Dr. O. Struve at Pulkova, on hearing from Prof.

Angstrom of this discovery also confirmed it in May 1868, and
as Prof. Angstrom had previously found to be the case with the

spectrum of very bright appearances of the zodiacal light at

Upsala in March 1867, of a nearly solitary bright yellow line.

Many exact corroborations of this line's conspicuousness, and
detections of several less constant bright and faint auroral lines

were thereupon made by observers of a series of fine red auroras

which at the time of the marked maximum of sunspot frequency
in 1870 appeared during the years from 1869 to 1871. A paper
recommending Prof. Swan's well-known blue gas-flame, or blow-
pipe flame spectrum with its five well-determined line or band-
edge positions as a most suitable one for reference in mapping
auroral spectra, was sent in 1870 by the late Prof. Piazzi Smyth
to the Royal Astronomical Society in London ; but owing to his

describing the flame-spectrum as Prof. Swan had done in 1856,
and as did also Angstrom in the introduction to his " Solar Spec-
trum Atlas " in 1868, as the spectrum of hydrocarbons, or of

acetylene, it remained unpublished on account of the doubtfully

correct chemical apellation given in the paper to this important
set of spectrum-bands. Yet the same chemical origin, describing

it as probably that of acetylene, was attributed to this spectrum
both by Profs. Liveing . and Dewar at Cambridge, and by
Angstrom and Thalen in their " Spectres des Metalloides " at

Upsala, in 1875 5 ^""^ V^qL Smyth never felt induced to resign

the view which he held in such good company, by the contrary
opinion steadfastly maintained by many not less skilled and ex-

perienced and at least as chemically well versed spectroscopists,

that the blue candle-flame's spectrum of delicately fluted bands
was not really due to any chemical compound of carbon with
other elements, but to carbon itself in one of the modes of mole-
cular aggregation into which, like the materials of some other
metalloids at least, the substance of carbon in its volatilised

state is liable, by temperature or by some sufficient chemical or

electrical powers of dissociation to be broken up.

Another very similar band-spectrum to the Bunsen-flame one,

agreeing in the positions of its two brightest (citron and green)

band-edges pretty closely with two corresponding bright band-
edges of the latter spectrum, but differing from it throughout in

its more numerous remaining bands' positions, and with all its

bands evenly shaded, instead of (as in the other spectrum) both
fluted and shaded off towards the blue direction, only too often
seen mingling with the latter spectrum to some extent in nearly
all electrically excited vacuum-tubes, can be very readily pro-
duced in its natural purity with ordinary induction-sparks in

carbon oxide or di-oxide vacuum-tubes ; and it was described on
. that account, in their " Spectres des Metalloides" in 1875, by
Angstrom and Thalen, and after some hesitation about its pos-
sible chemical nature in his first paper on " Gaseous Spectra in

Vacuum-tubes under Small Dispersion" in 1880,^ it was after-

1 Edinburgh Philosophical Transactions, vol. xxx. (1883), pp. 99, 104.
In a letter to Nature (vol. xx. p. 75), in May 1879, on " End-on Vacuum-
tubes brought to bear on the Carbon and Carbohydrogen question," the late
Prof. Piazzi Smyth also adopted at first without reserve the view of this
spectrum that it is produced by carbon simply.
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wards regarded also by the late Prof. Piazzi Smyth as belonging
to carbonic oxide. Appearing as these two spectra do almost
ubiquitously as impurities in ordinary gas-vacuum-tubes, their

precise discrimination from each other, and the resolution of
their many hazy bands into as many ranks of scores upon scores

of accurately measured linelets, was a work of exact spectro-

metry in which the great light-intensities of his vacuum-tubes
and the powerful train of prisms finally used by Prof. Smyth for

the maps of gaseous spectra which he constructed in 1884,^
accomplished some of the most wonderfully perfect and beautiful

achievements. The much debated experimental evidence as to

the chemical origins of these two spectra, moreover, prepared the
way for some most embracing views of the modes of production
of stellar and celestial spectra, which, besides providing astro-

nomers with the means of classifying stars and the lesser lights

of nebulce and comets methodically, also afforded chemists an
imposing outline of problems for consideration, of apparently
successive stages of subdivision of the elementary forms of matter
from dense into light-atomed elements.

In Sir J. N. Lockyer's hands the condensed spark of a
Leyden-jar introduced into the vacuum-tube circuit (which Prof.

Smyth never used, having decided to confine himself to weak-
spark or low temperature excitations only in his spectrum-
measures), supplied a method of transition from the oxy-carbon
spectrum in carbon-oxide and dioxide vacuum-tubes, directly to

the hydrocarbon or blue gas-flame one,^ showing that only a
rise of temperature was needed, from that of the nearly con-
tinuous induction-spark or simple brush-discharge in rarefied

gas-tubes, to the vastly hotter disruptive spark (instantly vola-

tilising gold-leaf or thin metallic wires), of a Leyden-jar and
air-gap in the outer circuit, to furnish a new spectrum, not, we
must conclude, by any chemical change of substance, but by
disgregation, it seemed evident, of cool and dense into hot light

molecules of pure carbon, which could thus be made at pleasure

to give either of these two spectra in succession. The flame,

and tube spectra, or the hydrocarbon and carbonic oxide ones
are therefore now usually referred to, by Sir J. N. Lockyer, as

the "hot carbon" and the "cool carbon" spectrum, respec-

tively.^ But all the best means that can be used to obtain, on
the one hand, an evenly ascending scale of temperature and
uniform intensities of action of discharges of the electric arc and
spark (the only sufficient known means which can be used to

reach the high temperatures demanded), and on the other hand
the requisite chemical purity of the substances submitted to

spectroscopic examination, are so very liable to unsuspected
failures from the many lurking sources of deception which most
insidiously waylay and falsify the observations and conclusions,

that although, on both sides, these sources of error have been
unremittingly sought out and often most startlingly disclosed and
very skilfully eliminated, it is difficult to say yet whether the

distinctive attributes in which the substances which give the

different banded carbon spectra really differ fundamentally from
each other, are either, as was at first supposed, simply chemical,

or else, according to a subsequent suggestion, attributing to pure
carbon spectroscopic properties which are at least not at vari-

ance with those of oxygen, hydrogen, sulphur, selenium and
phosphorus, of an entirely structural kind ; that is to say,

gaseously allotropic, or molecularly disgregational under the

action of increasing temperature. New discoveries and fresh

discussions of these bands must doubtless be awaited before we
can be definitely sure to what extent the views expressed by
different observers as to the chemically compound or elementary
dissociated natures of the material sources of special series of

shaded or fluted bands seen in banded carbon spectra can be
fully trusted.

Besides the two chief ranks already mentioned, there is another

1 " Micrometrical Measures of Gaseous Spectra under high Dispersion,"
Edinburgh Philosophical Transactions, vol. xxxii. Pt. 3 (1886). The end-
on vacuum-tubes used in these measures and in those of the earlier paper,
were devised by the late Prof. Smyth himself, as described in a paper,
" End-on Vacuum-tubes in Private Spectroscopy," read before the Royal
Scottish Society of Arts in 1^79. The eminent spectroscopist of Ghent, in

Belgium, Dr. van Monckhoven, had, however, invented and used such
tubes a few years earlier. An ingenious arrangement of electrodes which
he applied to them in 1882 (one electrode at the foot, and one at the summit
of each upright leg), for passing two discharges of different strengths, either

simultaneously or alternately through the connecting capillary tube, in a
research on the effects of temperature and pressure in widening gas-spectrum
lines, was described in an interesting paper by Dr. van Monckhoven, in

Comptes rendiis, vol. xcv. (2me semestre, 1882).
'^ "Carbon and Carbon-compounds," by Prof. A. S. Herschel, Nature,

vol. xxii. p. 320, August, 1880.
3 " Researches on the Spectra of Meteorites." Proceedings of the Royal

Society, vol. xliii. pp. 118, 133, Map 3, November, 1887.
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group of two carbon-bands, usually accompanied by a preceding

one close-following the gas-flame spectrum's blue beam, near the

Fraunhofer rays h, H, at the vjolet confines of the visible spec-

trum. All three are seen brightly in the spectrum of the electric

arc between carbon poles, where the furthest member of this

blue, violet, and ultra-violet array produces a just ocularly visible

pharos-V\V.^ mass of grey-looking light slightly beyond the spec-

trum-place of the furthest visible pair of dark lines H, K, of the

solar spectrum. This strong outlying pair and its near preceding
blue band were referred by Profs. Liveing and Dewar,^ and
also, when he found the two chief bands bright by themselves in

hisspectrum photographs of the Comet i88l. III., by Sir William
Huggins,- to cyanogen. But the same strong pair's violet,

or first colonnade, between G and h, when he first traced it

beautifully distinct and bright with the ordinary coil-spark in an
end-on marsh-gas vacuum-tube,' was coupled on by Prof. Piazzi

Smyth, in his " Measures of Gaseous Spectra with High Dis-

persion," 1884, as it was also grouped by Dr. W. M. Watts
in his " Index of Spectra," 1872 (and where Sir J. N. Lockyer
classed all these three flutings provisionally together,'* from a

careful survey made in 1880^ of their deportments, in an un-

stable-systemed extension, " B," of the " hot carbon's " ordinary

set of flutings, "A"), as a sixth or extra fluted-band transcend-

ing in refrangibility all the five commonly seen ones of the
" hydrocarbon," or blue gas-flame series.

Six of the seven main lines of the blue band of this set were
marked as measured lines distinctly, by Prof. Piazzi Smyth, in a
hazy glow of light immediately following the fourth, or blue

band of his "High Dispersion Spectrum" Paper's full-length map
of the "hydrocarbon" spectrum, but as considerably weaker
lines than those of the violet or "marsh-gas" band. As the

blue band, however, is in fact the weakest one of a group of

bands which only the exceedingly hot flame of cyanogen, or the

intense heat of the electric arc, or jar-spark usually produces, its

exact indication there, precisely in its natural inferiority of

strength to the violet array, and with only one line missing of its

seven, at the beginning of the hazy glow, is a speaking testimony
to the faithful accuracy of the late Prof. Piazzi Smyth's spec-

trum records, as well as to the watchful care with which all the

spectra which he mapped were guarded against contaminating
admixtures of interloping gas-spectra ; since with the modest 2-3
inch sparks which he was content to use, of a simple induction
coil, nothing but the lamp-like brightness of the Salleron and
Casella end-on tubes examined, and the chemical purity of the
contents of those used in taking final spectrum measures, could
have been expected to show the weakest of the three "cyano-
gen " bands so equally free from other spectrum -glares, and
almost as sharply well-defined in position, as its bright violet

companion tier of " marsh-gas " lines was seen and measured.
The fifth (faint violet) band—or the latter part of it—seen

under high dispersion to contain only hazy linelets, with no
strong lines or sharp-edged flutings, is the only visible light-beam
in the Bunsen-flame spectrum which Sir J. N. Lockyer seems
willing to admit," can be described correctly as a "hydra-
carbon " band ; and in his splendid series of discriminations of
celestial spectra, that brightest portion of the Bunsen flame's

violet band forms the whole system of spectroscopic bands which
in those analyses of celestial spectra is usually indicated as
characteristically denoting hydrocarbon radiation. Two small
bands, or fluted line-groups, however, sometimes occur also in

this unstable violet, or "Carbon-B" region, of which one is

classed by Sir J. N. Lockyer together with the pharos-XxV^ band
beyond H, K, as an invariable accompaniment (much moie re-

frangible than the four " Carbon-A " bands) of the "hot-carbon "

spectrum. This small three-lined band falls exactly in place
and width on the Bunsen-flame spectrum's fifth, or violet band's
preceding zone of weak hazy light, as the late Prof. Piazzi

1 " On the Spectra of the Compounds of Carbon with Hydrogen and
""itrogen." Two Papers, Nos. i., ii. Proceedings of the Royal Society,

XXX. p. 152 and 494, February-June, 1880.

Proceedings of the Royal Society, vol. xxxiii. p. i, November 1881.
It was also seen by Dr. VV. M. Watts (" On the Spectrum of Carbon,"

Nature, vol. xxiii. p. 197, December, 1880), "very bright" in a pure
Marsh-gas vacuum-tube ; and in a methyl vacuum-tube by Dr. Pliicker.
*_The Bakerian Lecture, " Suggestions on the Classification of the

various Species of Heavenly Bodies,"—" Radiation Flutings "
: Proceedings

of the Royal Society, vol. xliy. p. 53, April, 1888 ; and " Appendix to the
Bakerian L.ecture," Section vi. " General Statement with regard to Carbon,"
Proceedings o^ the Royal Society, vol. xlv. p. 186, November, 1888.

' " Further Note on the Spectrum of Carbon," Proceedings of the Royal
Society, vol. xxx. p. 461, May, 1880.

8 " Researches on the Spectra of Meteorites," Proceedings of the Royal
Society, vol. xliii. p. ii8 ; November, 1887.

Smyth, in his full-length map and micrometric measures of that
spectrum pictured it, surrounding the place of the violet line

H7 almost as closely as its bright following "hydrocarbon"
light-zone surrounds the dark solar line G's position, with a
curiously prominent solitary bright line in the dark partition

space between them. A fairly satisfactory explanation of this

fifth band's construction might thus, with no material need of
any reconciling adjustment to the "Carbon-B" band's line-

places, be extracted from the Edinburgh spectrum record, by
supposing the first and second portions of its divided light-field

to belong really to different radiant sources, and to be due, in-

dependently of each other, respectively to " hot carbon " and to
" hydrocarbon gas's" incandescence. But the near agreement
in position between the flame-band's feeble front-domain of
shapeless light-haze, and the " hot carbon's " small three-ribbed

fluting lacks far too much from being well afifirmed by exact co-

ordinations to be any certain evidence of a real spectroscopic or

physical connection ; and the weak preceding portion of the
violet flame-band has thus been very appropriately consorted by
Sir J. N. Lockyer with the following bright portion of this

violet haze-band, as belonging both together to the hydro-
carbon spectrum.^ Another small violet-region band was traced

by Sir W. Huggins in the spectrum of the Comet 1881, III.,

where it lay between the violet and the ultra-violet " cyanogen "

bands, a little beyond h towards the line H of the solar

spectrum.

Among this "Carbon-B" suite of bands, suspected by Sir

J. N. Lockyer at an early stage of his spectroscopic observations

of the sun, in 1874, to have counterparts in the dark lines of the

solar spectrum, the strong pharosA^^t. ultra-violet fluting's deli-

cate train of bright lines and linelets was at length photographic-

ally proved by Sir J. N. Lockyer, in 1878,^ to coincide precisely

with a close-packed orderly array of faint, exceedingly fine dark
lines at the same place in the solar spectrum ; and the same
coincidence of about thirty serrations of this band in ten

Angstrom's wave-length units, with as many exactly correspond-

ing ripplings of light and darkness at the ultra-violet confines of

the sun's visible spectrum was again very abundantly well

proved by Profs. Trowbridge and Hutchins at Hartford, U.S.,
in 1887.3 It was also pointed out by Profs. Liveing and Dewar
at the close of the second of their above-quoted papers, in 1880,

on the '
' Spectra of Compounds of Carbon with Hydrogen and

Nitrogen," that a fluted ultra-violet band in the spectrum of the

cyanogen-flame, of which they photographed many in an ultra-

violet region extending far beyond this grey one's position,

exactly coincided in spectrum-place with the remarkably fluted

ultra-violet dark band P, in the solar spectrum. After Sir W.
Huggins and Padre Secchi had independently detected the

"hydrocarbon's" or low gas-flame's bands in the spectrum of

Winnecke's Comet, in 1868, and some ten or twelve comets in

as many following years were found to show the same bands in

their spectra,'* together with occasional traces of the oxy-carbon

or "cool-carbon " spectrum, a far wider range of the " hot " and
" cool carbon " bands was presently discovered for them by Sir

J. N. Lockyer among the spectra of celestial bodies, and in his
" Researches on the Spectra of Meteorites," in 1887,^ and in

the Bakerian Lecture to the Royal Society on a " Suggested
Classification of the various Species of Heavenly Bodies," ' the

low gas-flame's or hot carbon spectrum's bands were clearly

shown to exhibit themselves, with rarer excrudescences of cool

carbon bands, not only in comets, but alike in sun-like and
fluted, and bright-line and temporary stars, and even in nebulae,

the aurora, and sometimes in lightning-flashes, as a sort of torch-

light glow of colliding meteorites, condensed meteoritic swarms,
and electrically gasified and illumined meteoritic dust, through-

out the universe.

It surely needed then only the recent discovery by Prof. G. E.

Hale and his coadjutors, Mr. W. S. Adams and Prof. Frost, in

1 The Bakerian Lecture :—" Radiation Flutings," Proceedings of t^e

Royal Society, vol. xliv. p. 53, April 1888.

2 " Note on the existence of Carbon in the Coronal Atmosphere of the

Sun," Proceedings o( ihs Royal Society, vol. xxvii. p. 308, April, 1878.
3 "On the Spectrum of Carbon compared with that of the Sun," Proceed-

ings of the American Academy of .\rts and Sciences, vol. xxiii. p. 10, 1887-8 ;

and American Journal of Science, Series 3, vol. xxxiv. p. 345, 1888 ;

Nature, vol. xxxvii. p. 114, December, 1887.
* "The Meteoritic Hypothesis," by Sir J. N. Lockyer (Macmillan and

Co., 1890), p. 176 :—Table of Carbon-Spectrum Comets.
''> Proceedings ai the Royal Society, vol. xliii. pp. 117-156, November,

1887.
8 Proceedings of the Rojfal Society, vol. xliv. pp. 1-93, April, 1888 ; and

("Appendix to the Bakerian Lecture ") vol. xlv. pp. 157-262, November,
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America,^ with the giant telescope of the Yerkes Observatory's

enormous power, that the green and citron hydrocarbon's chief

band-lines can be observed dark on the photosphere at the sun's

edge, and close by, bright in the chromosphere to a height from

the sun's edge which they estimated not to exceed i" of arc, or

about 500 miles, to completely ratify the foregoing views that

those low gas-flame's fluted bands are produced by carbon vapour

at an exceedingly high temperature ; and fully to justify the first

observers in England and America of the presence of carbon in

the sun, in the opinion which they independently expressed, that

the temperature of the glowing region of the sun's atmosphere
where this carbon vapour is produced and made to incandesce,

must certainly approach nearly to, and at the same time not

much exceed, that of the electric arc.

Carbon substance furnishes yet another known form of gaseous
spectrum, which consists only of a few sharp bright lines, quite

free from bands of shaded light, or flutings ; and this linear form
of its spectrum maybe pretty certainly ascribed to carbon vapour
in its simplest molecular, perhaps even monatomic, state of

aggregation, since it is only obtained by heating carbon in a
condensed electric spark to the highest possible artificial tem-
peratures. No indications, however, of carbon's occurrence at

this exceedingly high temperature in any celestial spectra, appear
as yet to have been met with. Although no gaseous spectra
produced at such high temperatures as those of the condensed
electric spark were spectroscopically measured by the late Prof.

Piazzi Smyth, yet a depiction of this carbon spectrum as it was
first seen in the Leyden-jar spark between carbon poles by
Angstrom in 1863, and as it was represented by Angstrom and
Thalen in their "Spectres des Metalloides" in 1875, is given
with the Hne-spectra of common air, hydrogen, nitrogen and
oxygen and of vapour of mercury, by diff"erent authors, in the
Plate of full-length spectra of his " High Dispersion Spectrum "

Paper of 1884, by the late Prof. Smyth, to compare with his

own measurements of low temperature spectra of the same
elementary gases or their compounds. The map of the carbon
line-spectrum given by Angstrom and Thalen shows a spectrum-
field extremely bare of lines, but terminated, at its two ends, by
two very bright ones, a red, closely double line almost coinci-
dent with Fraunhofer's C, or Ho, and a violet one close-follow-
ing G and the violet hydrogen line H7, and like the hydrogen-
lines appearing to be easily widened into a diff"use, broad line by
taking the spark in gases at increasing pressures.

^

A faint single line near E, and two groups of three and four
moderately bright, pretty close-packed lines near the beginnings
of the two brightest (green and citron) flutings of the Bunsen-
flame, or " hot-carbon " band-series, are all the remaining
visible portions of this spectrum figured, as they had excellently
observed and studied it, by Profs. Angstrom and Thalen. But
the latter two isolated line-groups appear to fit on remarkably
well to the view already apparently borne out and substantiated
by what precedes, that with rising temperatures and increasing
disgregation of carbon-vapour molecules, the interval between
the beginnings of the green and citron flutings becomes wider in
passing from the "cool" to the "hot" carbon-band series.

For while those band-beginnings are respectively at A. = 51970
and 56075 (distance = 41-05/^/4) in the cool, or oxy-carbon set,
and at A. = 5 16 -40 and 563-34 (distance ^ 46-94yUM) in the hot,
or hydrocarbon set of bands, the front-lines of the " Excelsior"
Carbon-spectrum's (as the late Prof, Piazzi Smyth poetically
termed it), or still hotter and more broken-up carbon-vapour
molecules' two small solitary line-groups, are at A =: 515-05 and
569-41, in Angstrom and Thalen's Table of these carbon lines

;

both shifted again slightly in position in the same left and right
directions as before, and with the interval between them again
increased a little, now, from its last measures, 41-05 and 46*94,
to 54 •36mm-

But a most industrious explorer, and a describer and recorder
unsurpassed in the skill of his depictions of the surprising beau-

1 Bulletins of the Yerkes Observatory, No. 12, 1899.

^ This widening of the carbon violet line to a " broad band " at A=4272
(Angstrom, 42660) is very distinctly recorded in Dr. W. M. Watts'
' Index of Spectra," 1872, "Carbon-Spectrum, No, IV."; where the groups
and single lines, a, /3 {plus the two next lines), -y, and t, compose together
Angstrom and Thalen's line-spectrum of pure carbon. With four or five
exceptions, all the many lines contained in the several other line-groups
besides these, in the same Carbon-Spectrum Table, can, however^ be readily
identified with lines of the oxygen line-spectrum mapped by Angstrom and
Thalen on the same Spectrum-Plate (" Spectres des Metalloides," Upsala
Nova Acta, vol. ix. 1875) with their line-spectrum of carbon, and also with
lines in Dr. Schuster's map {Philosophical Transactions of the Royal
Society, 1879) of the line-spectrum of oxygen.

NO. 1598, VOL. 62]

ties of all this rich domain of matter's spectroscopic radiations,

we must again here grieve to note, has passed away. Besides
his already-mentioned extremely perfect measurements of
"gaseous spectra," the late Prof. Smyth's published spectrum-
maps and spectroscopic writings comprised long descriptions too
of not less than five full series of measurements with high disper-

sion, in .southern skies, and with great magnifying powers, of the
dark lines of the solar spectrum.' The.se graphic solar-spectrum
maps and those of the "gas-spectra," and separate papers treat-

ing also of the oxygen-gas spectrum singly, and of the dark line

group " (5
" in the solar spectrum by itself,^ together form a

lasting store of precious materials for spectroscopic study too
variously instructive and often suggestive of interesting theo-

retical deductions from their well-recorded details, to be here
dealt with shortly and concisely. It is with a sense of doing only
very partial justice to the exceedingly high merit and scientific

value of those other important spectrum records and researches,

that as much space as could be accorded to these short notes has
been devoted here to pourtraying only the increasing cosmical
significance and the widely-spreading applications in spectro-
scopic astronomy, of his valuable investigations of the ordinary
forms of carbon spectra. In his effectual unravelling of the
mazy linelet systems of those familiar spectra's bands, a plain
and simple law of sequence in the linelets' spectrum-places was
disclosed, which some years later also proved the proper clue to

elicit order from the complex-looking linelet structures of the
dark absorption-bands, " A " and " B " (both due to oxygen in

our terrestrial atmosphere), at the red end of the solar spectrum.
Although those shaded groups' constructions were only perfectly

made known at last in 1893, by Mr. G. Higgs, of Liverpool,^
from the beautiful figures of them given in his then published
" Photographic Studies of the Solar Spectrum," yet the drawings
of those bands in Prof. Smyth's Madeira and Winchester Solar
Spectrum Plates in 1881 and 1884, only second to Mr. Higgs'
photographs in their clear discriminations and accurate positions
of the bands' details, would have certainly afforded ripe enough
materials to establish at least the major portions of their simple
featured laws of linelet sequence by themselves, if they had been
searchingly examined, and carefully enough discussed and studied
for the purpose.

Further examples of the same simple law of linelet intervals in

such " shaded " bands (where each distinguishable suite ox tier of
linelets exhibits simply a fixed and uniform excess or growth of
interval—of each suite's own amount or proper measure—in

every pair of adjoinmg lines, over that of its immediately pre-
ceding line-pair, as the rank of lines advances from the brighter
to the dimmer region of the shading) occur, moreover, not only
in the brightest, green, but also in the citron and the blue band-
figures, very plainly, of Prof. Smyth's full-plate "high dis-

persion " maps of those three most notable light-ridges in the
"carbon oxide" (or "cool carbon") spectrum. Another
interesting indication of line-systems also can be traced in his
full-length mapped array of the four then known low tempera-
ture lines of oxygen, three of which he discovered to be finely
triple, and to which he contributed three more just similarly
triple lines. Two Balmer's series of three lines each can be
pretty certainly distinguished in this strikingly peculiar group of
six mapped triplets, converging approximately to a nearly
common progression-head, or series-limit, at about A = 430 MM-
Possibly these two line-sequences which his much extended
range and finely inultiplied line-features of the ordinary tube-
spectrum of oxygen appear to show, may have been ^Iready
recognised and fittingly comprised by Messrs. Kaiser and Runge
among the many such line-series which they have found indi-

cations of in the spectrum-field of oxygen. But these and many
more such philosophical results may be looked for to be richly
gleaned and brought to light by coming years' discussions of the
minute and copious information which with Mr. T. Heath's
skilful assistance in their draughtsmanship and computations, is

lucidly unfolded in Prof. Smyth's noble works of well resolved
and accurately measured ranks of lines both in the solar and in

gaseous spectra. In those several sound and stalwart opera

1 At Lisbon, in 1877-78, with glass prisms (the whole visible solar spec-
trum), Edinburgh Philosophical Transactions, vol. xxix. 1880 ; in
Madeira, in 1881, with a Rutherford's diffraction grating (21 special
" subjects," or small regions of the solar spectrum); "Madeira Spectro-
scopic," Edinburgh, 1882 ; and at Winchester, in 1884, wiib a Rowland's
diffraction grating (the whole visible spectrum, mapped thrice), Edinburgh
Philosophical Transactions, vol. xxxii. 1886.

^ Edinburgh Philosophical Transactions, vols. xxx. Part i, and xxxii.
Part I.

3 Proceedings of the Royal Society, vol. liv. p. 200, October 1893.
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mapia of spectroscopic explorations, we may surely feel con-
vinced that after-times will neither fail to be gratified with results

of scientific consequence, nor find it easily possible to overlook
the great accessions made by the late Prof. Piazzi Smyth to

spectroscopic science, by his boldly-planned recourses to, and
ingeniously contrived employments of, great optical power and
very high dispersions. A. S. Herschel.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—At a meeting of the Junior Scientific Club,
held on Friday, May i8. Dr. Mann gave a rhiitnc of the
history of the nerve cell from Malpighi's and Leeuwenhoek's
time up to the present. He showed the advance due to the
introduction of new methods, viz. chromic acid by Hannover,
Golgi's and Ehrlich's methods, and the Picrocorrosive sublimate
method of the author. Ehrenburg in 1833 discovered the nerve-
cell, Beale in 1863 the nerve-fibril. Flamming and Nissl the
basophil substance of the cell, which, as Mann was the first to

show, becomes used up during functional activity. Hohngren's
observations on material fixed by Mann's methods had demon-
strated the universal occurrence of intracellular lymph channels
in nerve-cells. Finally it was suggested that the basophil .sub-

stance (Nissl's bodies) should rather be regarded as the homo-
logues of Zymogen granules than as reserve material in the strict

sense of the word.— Mr. A. D. Darbishire (Balliol) showed a
number of living crustaceae by microscopic projection on to a
transparent screen.

Cambridge.—The honorary degrees in law, science, and
letters, were conferred in presence of a large and brilliant assem-
blage on June 12. Prof. Langley was unable to arrive from
America in time to be present, but the American Ambassador,
Lord Rosse, Sir Benjamin Baker, Sir Walter Buller and Prof.

Poincare attended, and received a cordial welcome. The follow-
ing are the speeches delivered by the Public Orator, Dr. Sandys,
in presenting to the Vice-Chancellor the under-mentioned reci-

pients of honorary degrees for distinction in science :

—

The Right Hon. the Earl of Rosse, LL.D.
Assurgit proximus Universitatis Dubliniensis Cancellarius,

cuius pater munere eodem ornatus atque etiam Regiae Societati

praepositus, Hibernia in media instrumentum ingens stellis ob-
servandis olim construxit ; cuius de fratre autem, navis eel-

lerimae inventore soUertissimo, omnibus notum est "quo
turbine torqueat " undas. Ipse famam inter peritos adeptus
est, non modo de lunae calore subtilius inquirendo, sed etiam
stellarum nebulis remotissimis (ut Aristophanis a Nubibus ali-

quantulum mutuemur) b/xfiaTi TTjAeo-zcJir^observandis. Habetis
exemplar domus praeclarae scieniiarum amore conspicuae, cuius
caput dignitatis Academicaeheresdignissimusexstitit. Qui abhinc
annos octo Universitatis suae inter ferias saeculares tot honores
in alios contulit, hodie fortasse nobis ignoscet, quod honos ipsi

olim debitus praecepto illi Horatiano nimium paruisse visus
est :
—" nonum prematur in annum."

Sir Benjamin Baker, Sc.D.

Quantum miratus esset historiarum scriptor, Gaius Cornelius
Tacitus, si providere potuisset fore aliquando, ut Caledoniae
fretum,Bodotriae nomine sibi notum, duobus deinceps pontibus
immensis iungeretur ! Quantum miratus esset historiae pater
ipse, Herodotus, si audivisset fore aliquando, ut vir quidam, ab
insulis Britannicis sibi prorsus ignotis oriundus, fluminis Nili
aquas redundantes duplici mole et aggere magno coerceret et

Aegypti regioni immensae irrigandae conservaret ! Operis
utriusque magni conditorem magnum hodie praesentem con-
templamur, qui non pacis tantum triumphis contentus, velut
alter Archimedes, etiam Martis tormentorum inventor et ma-
chinator admirabilis exstitit. Atqui ne Martis quidem inter

opera pacis causam revera deseruit ; etenim scriptoris antiqui
de re militari monitum non ignotum est:

—"qui desiderat
pacem, praeparet bellum."

Sir Walter Lawry Buller, Sc.D.
Coloniae nostrae remotissimae. Novae Zealandiae, inter

decora conspicua numeratus, adest hodie vir regionis illius indi-
genarum linguae imprimis peritus, cui, propter merita eius
egregia, gratiae saepenumero publice sunt actae. Adest vir

qui etiam regionis illius avibus summa cura describendis atque
arte eximia depingendis opus magnum dedicavit. Quantum
autem liberalitati eius etiam nostra Academia debeat, Musei
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nostri parietes, avium et animalium aut prorsus aut prope
extinctorum exemplis ornati, satis clare loquuntur. Ergo quem
ipsa Regina, quem et Gallia et Germania et Italia honoribus
cumulaverunt, eundem etiam nosmet ipsi, tot munerum nori
immemores, laudis nostrae diademate decoramus.

M. Henri Poincare, Sc.D.

Sequitur scientiarum Academiae Gallicae socius illustris,

scientiae mechanicae caelestis inter Parisienses professor insignis,

societatis Regiae Londinensis inter socios exteros olim numer-
atus, astronomorum denique a societate Regia numismate aureo
nuper donatus. Quantam laudem meritae sunt investigationes
illae subtilissimae, de aestuum maritimorum natura universa, de
molium liquidarum sese rotantium aequilibrio, de planetarum
denique et satellitum cursu vario, ad exitum felicem ab hoc viro

perductae ! Studiorum mathematicorum in utraque provincia,

et analytica et physica, propter scientiae suae prope infinitam
varietatem inter principes numeratus, quam egregie nuper
ostendit quantum provinciae illae vicinae invicem inter sese
deberent ! Quam pulchre studiorum suorum voluptatem cum
artis musicae et artis pingendi voluptate comparavit ! Quam
ingenue mathematicam physicam confitetur novam quandam
linguam desiderare ; linguam cotidianam nimis exilem, nimis
ambiguam esse, quam ut aliquid tam delicatum, tam subtile,

tarn varium, possit exprimere. Et nos idem hodie libenter
confitemur : viro tali pro meritis eius tam variis laudando lingua
nostra vix sufficit. "Conamur tenues grandia."

The Knightsbridge Professorship, vacant by the resignation
of Dr. Sidgwick, will be filled up on Saturday, June 30.
Candidates are required to send their names to the Vice-
Chancellor by June 25.

Mr. G. F. C. Searle has been appointed a university lecturer
in experimental physics ; and Dr. G. H. F. Nuttall, university
lecturer in bacteriology and preventive medicine.
The first award of the Raymond Horton-Smith Prize has

been made to Mr. A. B. Green, for his M.D. thesis on amyloid
disease.

Mr. W. A. Macfarlane-Grieve, M.A., Oxford and Cambridge,
of Impington Park, has offered to the University a farm of
about 145 acres near Cambridge, free of rent till Michaelmas
1909, for the purposes of the Department of Agriculture. This
handsome offer has been gratefully accepted on behalf of the
Board of Agricultural Studies, to whom the management of the
experimental farm is assigned.

The University Reporter for June 12 contains an interesting
report on Mr. W. W. Skeat's exploring expedition to the Malay
provinces of Lower Siam.
The Right Hon. A. J. Balfour, M.P., will deliver the

inaugural address to the students of the Vacation Course?,
arranged by the University Extension Syndicate, at 12 noon on
Thursday, August 2.

The Arnold Gerstenberg Studentship in moral philosophy for

graduates in natural science has been awarded to Mr. T. J.
jehu, of St, John's College, who holds a Heriot Fellowship in

geology from the University of Edinburgh.
The Mathematical Tripos list is unusually short this year.

The sixteen wranglers are headed by Mr. J. E. Wright of
Trinity, Mr. A. C. W. Aldis of Trinity Hall being second
wrangler. An Indian student, Mr. Balak Ram of St. John's
is fourth ; and Miss W. M. Hudson of Newnham College,
sister of the senior wrangler of 1898, is bracketed eighth
wrangler. Miss E. Greene, also of Newnham, is equal to
tenth. St. John's claims five of the wranglers, Trinity four^

Clare two.

In Part II. , the bracketed senior wranglers of last year, Mr..
Birtwistle of Pembroke, and Mr. Paranjpye of St. John's, are
placed with two others in the first division of the first class.

Mr. Chamberlain, Chancellor of Birmingham University,
has received a letter from Mr. W. H. Foster, Apley Park,
Bridgnorth, offering a donation of 2000/. towards the endow-
ment fund.

Mr. J. G. Clark, whose death is announced from Worcester^
Massachusetts, was a generous promoter of the interests of
education in the United States. By his efforts the Clark Uni-
versity at Worcester, Mass., was founded "to increase human
knowledge and transmit the perfect culture of one generation to
the ablest youth of the next ; to afford the highest education
and opportunity for research." He gave a close study to the
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subject of the higher education, and was anxious to include in

his proposed University the best features to be found in institu-

tions in America and elsewhere. At the foundation of the

University in 1889, Mr. Clark gave it an endowment of one

million dollars, to which he added a like amount later on. By
his death, the institution receives his magnificent library of rare

and costly books. Clark University is perhaps unique among
the educational institutions of the United States. It is devoted

entirely to post-graduate studies, and recently celebrated its

tenth anniversary.

As announced last week, a series of festivities began at Cracow,

on June 7, in commemoration of the 500th anniversary of the foun-

dation of Cracow University. A Reuter correspondent states that

a large number of men of science, including representatives of most

of the European universities and colleges, attended the celebration.

The Austrian and foreign investigators went in procession on

Thursday morning to the Church of St. Mary, where a Papal

Brief in reference to the celebration was read. The graves of

the founders of the University were visited and wreaths deposited

upon them. At the special commemorative meeting subsequently

held, speeches in Latin were delivered by Prof. Tarnowski, the

rector, and Dr. von Hartel. An illuminated address was pre-

sented by a deputation from Oxford University. The proceed-

ings terminated with the distribution of the diplomas of honour

to those upon whom the honorary degree of doctor has been

conferred.

The new Directory of the Board of Education, South Ken-
sington, containing regulations for establishing and conducting

science and art schools and classes, has just been published.

Many of the regulations have been modified, more particularly

those referring to administrative matters and practical work.

The syllabus of practical mathematics has been revised, but the

subjects remain much the same as were prescribed in last year's

syllabus. A syllabus of an advanced stage of practical mathe-

matics has been added. The syllabus of mineralogy has been

slightly modified and recast. The laboratories in a School of

Science are to be available for preparation work by students of

the school beyond the school hours of the time-table. Courses

of work for Schools of Science in rural districts have been added.

The obligatory subjects of the elementary course for men are :

—

(l) mathematics; (2) chemistry (with practical work); (3)

physiography (Section I.) or elementary physics (with practical

work) ; (4) biology (Section I.) or elementary botany (practical

work may be in the field or garden); (5) drawing, practical

geometry, or practical mathematics. Manual instruction in its

application to workshop and garden must also form part of the

course, which is intended to cover two years. The elementary

course for women in Schools of Science differs slightly from the

foregoing. Physics and chemistry are optional for the second

year, and hygiene may be taken instead of botany. Practical

mathematics is not included. Separate advanced courses of

work are prescribed for men and women who have passed

through the elementary courses. Managers of schools are now
allowed the option of having the grant for practical chemistry in

the advanced course assessed by the inspector or on the results

of examination in the advanced stage. The announcement

made last year that examinations in the elementary stages of

science and art subjects will only be held upon special applica-

tion, in which case a fee for each paper asked for will be

charged, is ratified. This probably means the abolition of

examination in the elementary stages; for apparently nothing

can be gained by arranging for the examination of candidates.

SOCIETIES AND ACADEMIES.
London.

Physical Society, June 8.—Dr. J. H. Gladstone, F.R.S.,

Vice-President, in the chair.—A paper on the magnetic proper-

ties of alloys of iron and aluminium (Part ii.), by S. W.
Richardson and L. Lownds, was read by Dr. Richardson.

Experiments have been made to ascertain in whit way the

hysteresis loss between given limits of the field strength is con-

nected with the temperature for an alloy containing 3-64 per

cent, of aluminium. The experiments show that the hysteresis

loss attains a maximum value at a temperature considerably

higher than the temperature of maximum induction. The
changes produced in the magnetic properties of the alloy by

heating and subsequent cooling have also been investigated.
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The properties depend largely on the previous history of the

specimen, but there does hot appear to be any essential

difference between the behaviour of the alloy during heating

and cooling (except near the temperature of minimum perme-

ability). Experiments have also been conducted on the abrupt

change in the permeability that takes place at a temperature of

about 650° C. The conclusions arrived at are as follows :—(i)

The hysteresis loss at first diminishes as the temperature rises.

It then increases and reaches a maximum at about 550° C. On
further heating it falls off rapidly, and is negligible at 700° C.

(2) The magnetic properties of the specimen depend largely on

its previous history. (3) There is no essential difference

between the behaviour during heating and cooling except near

the temperature of minimum permeability. (4) An abrupt

increase in the permeability takes place at about 650° C. during

heating, followed by an equally abrupt diminution on further

heating. (5) This abrupt change is more marked with falling

than with rising temperatures. (6) Continued heating and

cooling diminish the permeability. (7) The curve connecting

temperature of minimum permeability and percentage of

aluminium is a straight line. (8) The microscopic examination

of the specimens shows the presence of crystals. Prof. S. P.

Thompson asked if the specimens had been kept for any length

of time at a high temperature, because crystals changed and

grew in metals at temperatures even far below their melting

points. Prof. Reinold asked if any specimens had been ex-

amined where the crystalline structure had not been observed.

Mr. Blakesley asked if any explanation of the orientation of the

crystals could be given. The chairmain said it was difficult to

know exactly what substances were being dealt with. They
might be pure alloys or mixtures of two or three alloys with

iron or aluminium. Dr. Richardson in reply said the crystals

might be dissolved in nitric acid and analysed, but at present he

did not know their composition.—Mr. W. Campbell then read a

note on crystallisation produced in solid metal by pressure. In

the preparation of sections of tin, particles cling to the file

and, if allowed to remain, tend to tear the surface of the metal.

The effect is not immediately noticeable, but on etching the

polished surface there appear, besides the usual structure of the

tin, lines of much smaller crystals with irregular boundaries but

possessing different orientation. The effect is only superficial

because it can be removed by polishing. The same behaviour

is noticed in some alloys, and it would thus appear that the

pressure of a file is sufficient to cause a metal or an alloy to re-

arrange itself. Prof. S. P. Thompson suggested that the

effect might be due to local heating caused by tearing rather

than to pressure. Mr. Campbell said that the effect was not

due to the heating of the file, because if the. file were kept per-

fectly clean no crystals formed. Prof. S. P. Thompson asked

if scratching the surface with a diamond produced crystallisa-

tion. The author said he had tried with a sharp knife without

success, but cutting with a blunt chisel produced crystallisation

along the chisel mark.—A paper on the viscosities of mixtures

of liquids and solutions was read by Dr. C. H. Lees. Three

formula have been suggested for expressing the viscosity

of a mixture in terms of the percentages and viscosities

of its constituent parts. The first of these represents

the viscosity as being the sum of a number of terms, each

one of which is the product of the percentage of any con-

stituent and its viscosity. The second formula represents the

logarithm of the viscosity in a similar manner, and the third one

the reciprocal. None of these formulse represent the viscosity

of a mixture with closeness. The author suggests a formula in

which the wth power of the reciprocal of the viscosity of a

mixture is equal to the sum of a number of terms, each one of

which is the product of the percentage of any constituent, and

the ;«th power of the reciprocal of the viscosity of that con-

stituent. This formula gives satisfactory agreement, and, more-

over, leads to Slotte's formula for the variation of viscosity with

temperature.—The secretary read a note from Prof. Wood on

an application of the method of striae to the illumination of

objects under the microscope. The object chosen was powdered

glass immersed in cedar oil of the same refractive index. The

glass particles were aliaost invisible under ordinary conditions of

illumination. The illuminating system was then arranged as

follows :—A screen, bounded by a straight edge, was placed m
front of an incandescent gas lamp, so as to cut off half of the

mantle, and give a source of light bounded by one perfectly

straight edge. A small lens of very short focus was placed

below the stage as close as possible to the object. The lamp
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was at a distance of six feet, and the light reflected from the

mirror was brought to a focus by this lens, passing through the

object on its way. An image of the lamp was formed in space
and viewed by the microscope. A little strip of thin brass, with
a carefully cut straight edge, was fastened to the stand carrying
the bull's eye condenser, and moved into position between the
objective and object so as to cut off the flame-image with the
exception of a narrow thread of light along the straight edge.

The brass screen must be in the plane of the flame-image, with
its edge parallel to the straight edge of the flame. The brass

was then advanced over the flame until nearly all the light was
cut off. Upon lowering the microscope until the object was in

focus, and carefully advancing the brass strip until practically all

the flame-image was cutoff, it was found that the glass particles

suddenly appeared with great sharpness, showing as distinctly as

if in air. Two photographs of glass in oil were shown, one
taken with ordinary illumination, and the other by the Schlieren-
Methode.

Geological Society, May 23.—J. J. H. Teall, F.R.S.,
President, in the chair. — The igneous rocks of the coast
of County Waterford, by F. R. Cowper Reed. The first

part of this paper is devoted to a discussion of the field

-

evidence, as shown by the coast-sections from Newtown Head
to Stradbally. The igneous rocks there exposed are divided
into the following five categories :

—

{a) The felsitic rocks ; (fi)

necks of non-volcanic materials
; (t) the basic sills and vents

;

{d) intrusions of dolerite
; {e) intrusions of trachyte, andesite,

&c. ; (/) intrusions of other types. In regard to the age of the
rocks, there appear to have been two main periods of volcanic
activity : the first, in Ordovician times, was marked solely by
outpourings of a felsitic nature ; the second, post-Ordovician but
pre- Upper-Old-Red-Sandstone, was characterised by a succes-

sion of several distinct types of igneous rocks. The relative age
of some of the peculiar types of intrusive rocks is indicated in

the paper in those cases in which it can be determined. That
those rocks which are later in date than the folding of the
Ordovician are older than the Upper Old Red Sandstone is

shown (i) by the unconformity of the Upper Old Red Sand-
stone ; {2) by the fact that the latter rock does not contain any
interbedded igneous rocks ; and {3) by the absence of felsitic or
other intrusive rocks from the Old Red Sandstone of the district.

The second part of the paper is devoted to petrological notes on
the different rock-types.—-On a new type of rock from Kent-
alien and elsewhere, and its relation to other igneous rocks in

Arg>-llshire, by J. B. Hill, R.N., and H. Kynaston. [Com-
municated by permission of the Director-General of H.M.
Geological Survey.] A rock originally described by Mr. Teall
from Kentallen is used by the authors as a type round which
they group a peculiar series of basic rocks discovered in several
localities. The rocks consist essentially of olivine and augite
with smaller amounts of orthoclase, plagioclase and biotite,

while apatite and magnetite are accessory. The peculiar feature
of the rocks is the association of alkali- felspar with olivine and
augite, and the group is related to the shonkinite of Montana
and the olivine-monzonite of Scandinavia,

Anthropological Institute, May 29.—The President in
the chair.—Prof. Oscar Montelius, of Stockholm, made a com-
munication on the earliest communications between Italy and
Scandinavia. Beginning with the evidence derived from the
discovery, in Denmark and Central Europe, of bronze bowls and
other objects of Roman date, coming from the workshops in
Italy, as similar to examples found at Pompeii and elsewhere, he
traced the active and copious intercourse thus demonstrated,
step by step backwards in time through the period of early
Greek commerce at the beginning of the Iron Age in the Medi-
terranean, into the later and earlier Bronze Age ; and illustrated
his conclusions by a variety of classes of objects, which though
originally of Italian origin and manufacture are found widely
distributed in Central Europe, in Denmark and in Sweden

;

and can be shown by numerous examples to have been imitated
by the bronze working industry of these northern areas. Among
these objects, he regarded the attenuate sword-hilts and the
bucket-like iituloe as demonstrating this intercourse for the
early centuries of the first millennium B.C. ; the transversely-
grooved sword-hilts, and the simple bow -fibula as proving the
same for the later half of the second millennium, corresponding
with the Mycenrean Age in the Mediterranean ; the triangular
dagger-shaped blades, and the imitations of open spiral torques
and bracelets, as representing the earlier half of the same ;

NO. 1598, VOL. 62]

and the rude hour-glass shaped types of cups and vessels as

carrying the same argument back beyond the date 2000 B.C.

—

The paper was followed by a discussion.

Paris.

Academy of Sciences, June 5.—M. Maurice Levy in the

chair.—The eclipse of the sun of May 28, 1900, at Paris, by M.
Loewy. The observations were interfered with by the state of

the sky.—Total eclipse of May 28, by M. J. Janssen. An
account of the work done in Spain by observers from the Obser-
vatory of Paris.—On the calo/ific equilibrium of a closed surface

radiating outwardly, by M. Emile Picard.—Observation of the

solar eclipse of May 28 at Marseilles and Algiers, by M. Stephan.
As the atmospheric conditions were extremely favourable at

these two stations, good observations of the times of contact, and
of the corona and solar protuberances, were taken.—Observations
of the partial eclipse of the sun of May 28 at the Observatory of

Bordeaux, by M. G. Rayet.—Observations of the planet (FG)
(Wolf-Schwassmann, May 22), made with the large equatorial of

the Observatory of Bordeaux, by MM. G. Rayet and Feraud.—On
the curve of rifling in fire-arms, by M. Vallier.—The formation
of the coal-measures, by M. Grand'Eury. In contrasting the

two theories current for explaining the formation of coal deposits.,

the drift theory and the peat bog theory, the author cites in-

stances in which, from his own observations, both influences

must have been at work simultaneously.—The total eclipse of
the sun of May 28 observed at Hellin, in Spain, by M. Hamy.
The observations, which were entirely successful, include seven
photographs of the corona. The characteristic green line of
the corona, although falling within the sensitive region of the

orthochromatic plates employed, gave no trace of impression
in the spectrum photographs.—The total eclipse of the sun of
May 28. Observations made at the Observatory of Algiers, by
M. Ch. Trepied. The plan of operations included observations

of the four contacts, visual study of the corona, photography of

the partial eclipse, photography of the corona and of the

spectrum of bright lines in the chromosphere, the photo-

graphy of the spectrum of the corona, and thermo-actinometric

observations. Under the very favourable atmospheric conditions,

all the results were good, the only failure being in the attempt to

photograph the spectrum of the corona.—On the solar eclipse

of May 28, by MM. Meslin, Bourget and Lebeuf. Results of

observations made at Elche. The photograph of the spectrum
of the corona, obtained with a Rowland concave grating, shows
circles corresponding to the lines H, K and G.—Observations of

the eclipse of the sun of May 28, by M. de La Baume Pluvinel.

Nine photographs of the corona were taken, but the instrument

set apart for the special study of the coronal line gave no
result.—On the proportion of polarised light in the solar corona,

by M. J. J. Landerer. The proportion found was 0*52.—The
eclipse of the sun of May 28 observed at Besan9on, by M.
Gruey.—The partial eclipse of the sun of May 28, at the Ob-
servatory of Lyons, by M. Ch. Andre. The scheme of opera-

tions included the comparison of the time of direct observation of

contact with that made by projection upon a white screen, and the

examination of the dark line noted in the eclipse of 1882.

—

The solar eclipse of May 28, observed from a balloon, by Mdlle.

D. Klumpke.—On the theory of the moon, by M. H. Andoyer.

—On the congruences of circles and spheres which are multi-

cyclic, byM. C. Guichard.—On divergent series, a correction.of

an earlier note, by M. Le Roy,—On the decomposition of con-

tinued finite groups, by M. Edmond Maillet.—On the integra-

tion of the equation Am =/«<, by M. J, W. Lindeberg.—On the

electrical state of a Hertz resonator in activity, by M. Albert

Turpain.—Researches on the existence of a magnetic field pro-

duced by the movement of an electrified body, by M. V.

Cremieu, According to Maxwell, a charged electrified body in

motion should produce magnetic effects, the magnitude of which
can be calculated from the charge and velocity of the moving
body, and experiments by Rowland in 1876, and Rowland and
Hutchinson in 1889, gave results in agreement with Maxwell's

views, Lippmann, applying the principle of the conservation

of energy to Rowland's experiment, shows that magnetic

variations ought to produce a movement in electrified bodies

situated within the field, but experiments by the author

would appear to show that such an effect is not produced. A
repetition of Rowland's original experiments, under conditions

more favourable to accuracy, also leads the author to conclude

that the motion of an electrified body produces no magnetic

effect.—Measurement of the quantity of electricity and of



i6S NATURE [June 14, 1900

electrical energy distributed by continuous currents, by MM. A.

and V. Guillet.—On a mode of decomposition of some metallic

chlorides, by M. CEchsner de Coninck. Gold can be completely

removed from solutions of auric chloride by filtering through

animal charcoal ; solutions of the perchlorides of platinum and

iron are also decomposed on filtration through animal charcoal.

No such decomposition could be observed with the chlorides of

nickel, cobalt, manganese, zinc, copper and magnesium.—On
the conditions of stability of rotatory power, by M. J. A. Le Bel.

It is found that at temperatures of ioo° or thereabouts, many
optically active bodies tend to lose their rotatory power by race-

misation ; on the other hand, if the asymmetric radicals grouped

round a central atom are increased in volume, the stability is

increased.—On the dihydroxylates, by M. de Forcrand.—
Addition of hydrogen to acetylene in presence of copper, by

MM. Paul Sabatier and J, B. Senderens. A mixture of

hydrogen and acetylene passed over reduced copper at a tem-

perature of 130°—200°, reacts readily, forming ethane, ethylene

and other hydrocarbons, no acetylene remaining unchanged if

the hydrogen is in excess.—On the copper and mercury

organo-metallic compounds of diphenylcarbazone.—On acidi-

metry, by M. A. Astruc. A study of the behaviour of isethionic,

sulphanilic, meconic and mellic acids with indicators.—On a

new species of subterranean Isopod, Caecosphaeroma Faucheri,

by MM. Adrien DoUfus and Armand Vire.— Gregarinse and

intestinal epithelium, by MM. L. Leger and O. Duboscq.—On
the animal fossils collected by M. Villiaume in the carboniferous

strata near Nossi-Be, by M. H. Douville. The whole of the

carboniferous strata in the region of Nossi-Be belongs to the

Upper Lias, and is to be classified with the carboniferous strata

of the same age in the north of Persia.—On the vegetable

fossils collected by M. Villiaume in the carboniferous beds in the

north-west of Madagascar, by M. R. Zeiller. The conclusions

•drawn are in harmony with those drawn by M. Douville in the

previous paper from a study of the animal fossils. —The volcano

of Gravenoire and the mineral springs of Royat, by M. P.

-Glangeaud.
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THE REMINISCENCES OF A VETERAN OF
SCIENCE.

Erinnerufjo^en aus meinetn Lebett. By A. Kolliker.

Pp. x + 399 ; with 7 plates, 10 text figures, and portrait

of the author. (Leipzig : W. Engelmann, 1899.)

THE memoirs of the venerable Professor of Anatomy
at VViirzburg will interest a wide circle of readers

in this country, whether amongst the older generation

of scientific men, whose privilege it has been to know the

author as a genial friend and colleague, or amongst the

juniors in rank and years, to whom the name of Kolliker

has been one which from their youth upwards they have

learnt to respect as that of a great leader in scientific

thought and discovery. Many of the latter class may,

perhaps, learn from this book, for the first time, how
much modern zoology owes to its author. So rapid has

been the advance of biological science in the latter half

of the nineteenth century, and so great is the interval,

judged not by time, but by the progress of knowledge,

which separates the science of to-day from that of fifty

years ago, that there is always considerable danger of

the merits of those who have grown grey in the ranks of

science being overlooked or msufficiently realised by the

younger generation. Students are taught at an early stage

in their career facts or principles which seem so well

established or even self-evident, m the light of currefit

knowledge, that it is quite an awakening to find that the

man who first enunciated them is still living in our midst.

To give one instance, a student of zoology is taught

probably in the very first lecture he attends, the distinc-

tion between Protozoa and Metazoa based upon the

essentially unicellular nature of the individual in the

former sub-kingdom. If he reflects at all on the matter,

a truth so obvious and so easily demonstrated will seem
to him one which has been recognised by mankind per-

haps from a remote antiquity. Yet it was Kolliker who
first, in 1845, pointed out the existence of unicellular

animals, and brought forward the Gregarines as instances,

and who later, in conjunction with von Siebold, ex-

pressed the opinion that all the Infusoria, with the

exception of such forms as the Rotifers, consisted of

single cells. In a further work upon Actinophrys this

conclusion was extended to the Rhizopods, and so a

great generalisation was established, the truth of which

is now never called in dispute.

Quite apart, however, from the great interest which
these memoirs possess from the scientific point of view,

their appearance at the present time is welcome for

other reasons. At a period of strained political relations,

when our country appears isolated in aims and sym-
pathies from the rest of Europe, when international anti-

pathies and prejudices seem in a fair way to spread from

the official to the personal sphere, it is a refreshing

change to read the narrative of one who was a frequent

and a welcome visitor in our midst. To judge, at least

from the prevailing tone of this book, its author is no
*' Britenfresser." He refers constantly with warmth, we
might say with affection, to the hospitality of his many
friends in this country and to the pleasant times he spent
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in their homes, feelings which, we can be sure, were as

warmly reciprocated by those about whom he writes.

The book is divided into two parts, the one personal,

the other scientific. Part i. contains a general account of

his life, with details of his many scientific and other

journeys, and a brief account of his relations to various

learned societies. Part ii. may be described as a cata-

logue raisonnee of his works, and is a marvellous record

of many-sided scientific activity. His publications,

amounting to nearly 250 memoirs, are arranged under

the headings of histology, anatomy, physiology, embry-

ology, evolution, comparative anatomy and zoology, and

other miscellaneous items. Under each subdivision is

given a historical account of his work, its main results,

the ideas which guided him, and the conclusions which

he upheld. Here much will be found of great value to

the student—using the word in its widest sense—which

cannot be dealt with adequately within the limits of a

brief review. We turn, therefore, with greater interest to

the personal narrative set forth in Part i.

Rudolf Albert Kolliker was born at Zurich on July 6,

1817. His boyhood and schooldays were passed in his

native town, and he was intended at first for a business

career, but, fortunately for science, this idea was given

up, and he entered Ziirich University, in 1836, as a

medical student. At the University his attention was

first given to botany, a subject in which he had as fellow-

student his intimate friend, Carl Nageli, and his first

publication (1839) was a list of the phanerogams of

Ziirich. Besides other medical and scientific courses he

attended the stimulating lectures of Oken on zoology and

nature-philosophy. In 1839 he spent a semester at Bonn,

and attended lectures on surgery and kindred subjects

which were still delivered in Latin. He next went to

Berlin for three semesters, from 1839 to 1841, a period

which he describes as a turning-point in his life, since

here he came under the influence of two great masters,

whose courses he attended— namely, Johannes Miiller

and Jakob Henle. Of the former, he writes :
" the com-

prehensive outlook by which he connected forms widely

separated, and showed what they had in common, was

especially stimulating and, for me, new." From Henle

on the other hand, he received his first introduction to

the cell-theory of Schwann, and his attention was directed

to the structure of the animal body in a number of

lectures and demonstrations which he describes with

enthusiasm :—

"Now when the youngest medical student is ac-

quainted with all this and much more from pictures of

all kinds, and the facts concerning the minutest structure

of the body are in every one's mouth even at school, it

is not easy to realise the impression made upon the

student at that time by the first sight of a drop of

blood, a ciliated lining, a section of bone or a striped

muscle fibre, and the impress of these experiences remains

permanently in the memory."

Besides Miiller and Henle, he attended many other emi-

nent teachers at Berlin, including Ehrenberg and Remak.

From the latter he received his first demonstrations of the

embryology of the chick. In spite, however, of his ardent

medical and scientific pursuits, he found time to attend

lectures on ethics and Hegelian philosophy. It was

a result doubtless of Henle's influence that his first

I
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anatomical memoir was an investigation upon sperma-

tozoa, published in 1841, with which he took his degree of

philosophy at Ziirich in 1841, and of medicine at Heidel-

berg in 1842. In the former year he passed his State

examination, of which he records the following contre-

temps :—

" I, who had at my fingers' ends the finest ramifications

of the cranial nerves, the structure of the auditory
labyrinth, of the eye, the brain, and so forth, was unable
to answer a question on the portal vein."

This is an experience which will assuredly come home
to many, and while hence eliciting our sympathies, will

at the same time afford no slight consolation to those

who reflect on the subsequent achievements of the un-

fortunate examinee.

IVi 1 841 KoUiker was appointed assistant to Henle,

who had received the chair of anatomy at Zurich. In

the following year he took a trip to Naples, where he

made the acquaintance of Delle Chiaje, Costa and

Krohn, and occupied himself with, amongst other things,

his well-known studies on the development of Cephalo-

pods. In 1843 he became docent at Zurich, and was

prosector to Henle from 1842 until the latter's promotion

to Heidelberg in 1844. Henle's chair was then divided

into one of anatomy and one of physiology, and Kolliker

received the latter ; but in 1847 he accepted a call to

Wiirzburg. His departure from Zurich, which was much
regretted there, was largely caused by political intrigues

in the faculty of the University.

At Wiirzburg he occupied, at first, the chair of com-

parative anatomy, but in 1849 he received that of anatomy,

which he has now filled for more than fifty years, in a

way that needs no praise. The names of many of the

most eminent professors of anatomy in Germany, past

or present, are to be found in the lists of his pupils or

assistants, of whom it is only necessary to mention C.

Gegenbaur, Fr. Leydig, R. Wiedersheim, H. Grenacher
and Th. Eimer. In 1848 he was associated with von

Siebold in founding the Zeitschrift fiir wissenschaftliche

Zoologie, of which famous journal he is still one of the

editors.

The accounts of his many journeys are compiled, for

the most part, from letters written by him at the time to

his relations or friends. There is much of mterest to

be found in them, especially in his visits to England.

His first acquaintance with this country was made in

1845, and renewed on many subsequent occasions. In

his letters he gives his impressions of England and

English life. He quickly made for himself a large circle

of intimate scientific friends, amongst whom he mentions,

particularly in his earlier letters, the names of Todd,

Bowman, Grant, Sharpey, Edward Forbes and Wharton
Jones. His time in London seems to have been very

well filled up, as he writes in one letter that in the last

twelve days he had gone through nine dinners and two

breakfasts, some of which do not seem to have been very

entertaining. " I took part yesterday in a fearfully weari-

some dinner, enough to kill one (etwas ganz totmach-

endes)," he writes ; and further on he complains that

"these everlasting dinners, lasting from 6 to 11^ o'clock,

have taken me en grippe^ as the French say ; but what

can one do ? " But in other cases he seems to have

been happier. In London he is presented at Court, and
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finds that " the Queen is really pretty, and Prince Albert

is also a handsome man." On the eve of his departure,

he expresses himself almost as much at home in London,
in spite of its size, as in Zurich, and considers it " very

interesting, often pleasant, but for the most part fatiguing."

He visited this country again in 1850 and 1857, on both

of which occasions he spent some, or most, of the time

in Scotland, where he became ihtimately acquainted with

John Goodsir and Allen Thomson, and in London with

Queckett. His letters from Scotland to C. Th. von

Siebold contain some interesting remarks about English

science and scientific men.

" The English doctors and physicians are, above all,

practical men, and all that pertains to the theoretical

side takes with them the second place. This is partly

owing to the fact that the English are a people occupied
chiefly with commerce, but only partly so ; the chief

cause of the phenomenon in question is the fact that

science does not hold the place it deserves in popular
estimation, nor is it supported by the Government in

such a way that a man who devotes himself to it can be
free from care."

This is the reason, he thinks, why so many men full

of enthusiasm for science remain in practice, and finally

lose themselves in it ; while others regard theoretical

studies merely as an advertisement to gain them more
clients, since practice in England is golden, and procures

for the practitioner a position which contrasts vividly with

that of a professor.

" I know only three anatomists and physiologists in

England," he adds, " who do not practise—namely, Owen,
Sharpey and Grant, of whom Owen alone has a position

at all equal to his merits."

In 1850 he also paid a short visit to Oxford, where

he met Acland, Strickland and J. V. Carus, but found

little that attracted him, and he returned, he tells us, to

noisy but infinitely more stimulating London, well satis-

fied that he was not obliged to spend all his days in

"this most peculiar of all university towns."

Space does not permit of reference to the many in-

teresting personal reminiscences or amusing incidents

which recur so frequently in this book, especially that

detailed in two letters on p. 162, of which we lose nothing

by its being to a large extent veiled in the obscurity of

the English tongue. It can only be said that the book

affords delightful reading, and gives pleasing glimpses

of a warm-hearted and charming personality as well as

of a great man of science. E. A. M.

DIFFERENTIAL EQUATIONS.
Theory of Differential Equations. By A. R. Forsyth,

Sc.D., F.R.S. Part i. (1890). Pp. xiv-f 340. Part ii.

(1900). Pp. xii -f 344, and x -f- 392. (Cambridge : At

the University Press.)

ALTHOUGH these volumes contain more than a

thousand pages, it would be premature to express

an opinion upon the plan and proportions of Prof.

Forsyth's work as a whole ; so much of his vast subject

still remains unrepresented. Thus the reader will find

nothing, except incidentally, of the theory of partial

differential equations ; and, what is more remarkable,

the subject of ordinary linear equations has been reserved

for a future volume. However, the two parts which have
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now been published are so far complete in themselves

that it is possible to give some account of their contents,

and to appreciate, to some extent, the author's method

and point of view.

Part i. treats of exact equations and the problem of

Pfaff. Of the two chapters on exact equations it is

enough to say that they contain an excellent summary,

with well-chosen examples, of the various methods which

have been suggested ; the most interesting part is that

which deals with Mayer's very remarkable extensioq of

Natani's procedure.

The rest of vol. i. is devoted to Pfaff's problem. A
chapter on the history of the problem is followed by ten

others, which give, in the order of their discovery for the

most part, the principal results of Pfaff, Jacobi, Natani,

Clebsch, Grassmann, Lie and Frobenius. This plan has

its advantages, especially for those who wish to become

familiar with the literature of the subject ; and mathe-

matical experts will duly appreciate the service which

Prof. Forsyth has done them. But if we look at the

result as a text-book for mathematical students, it is a

question whether the course taken is the best one. A
chapter which is an excellent guide to a reader who has

before him the original book or memoir upon which it is

based, may be simply puzzling to a student unfamiliar

with the subject, and unable to refer to the primary

sources. It is doubtful, for instance, if any one who has

not mastered the Ausdehnunoslehre will be able to

appreciate the chapter on Grassmann's method : and in

the sanie way, the chapters on tangential transformations

and Lie's method will not, we fear, do much, in them-

selves, to arouse an interest in Lie's magnificent dis-

coveries. It is unfortunate that Prof Forsyth's exclusively

analytical attitude has prevented him from utilising Lie's

geometrical or quasi-geometrical conceptions. It is quite

true that intuitional methods require to be controlled by

strict analysis ; but they often vivify a mathematical

theory in a very instructive and fruitful way. Take, for

instance, the question of the "integral equivalent" of

the differential relation P</.r-f-QflfK+ R^^= o, where

P, Q, R are functions of .x\y, z. If we take x^y, z as

ordinary Cartesian co-ordinates, this relation associates

with any point A(.r, y, z) a flat pencil of elementary

line-elements, concurrent at A, and lying in a definite

plane P(^ -.i-)-|-Q(f/ -j)-l-R(f-2-) = o. Thus we may
take the " content " of the differential relation to be

either a manifold of oo« line-elements, or of oo^ plane-

elements. If the given relation is an "exact equation"

</</) = o, the integral <p = c gives us a family of oo' sur-

faces, each of which contains oo^ line-elements of the

content and co^ plane-elements of it. Moreover, every

continuous curve made up of line-elements lies (in

general) on one of the integral surfaces c/) = f, and the

line and plane elements of the surfaces exhaust the

corresponding elements of the content. These con-

siderations justify us in saying that ^=t, with c an

arbitrary constant, is a complete integral equivalent of the

differential relation. But in a case \\kexdv+zdy-ydz= o,

we cannot construct an integral equivalent of this

kind ; and the question arises, what integral equi-

valent, if any, exists, and what will be the nature of

its equivalence ? To Prof. Forsyth, this is a purely

analytical question ; he simply inquires what functional
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relations connecting .r,j, 2- are consistent with the given

relation. Of the degree and nature of the equivalence

to be expected he says very little ; and the gist of what
he does say is relegated to a note on p. 250. The geo-

metrical theory at once suggests the possibility of con-

structing "integral curves" by linking line-elements of

the content ; a complete integral equivalent may be con-

ceivably constructed by a system of oo^ integral curves

together exhausting all the line-elements of the content,

or again by ca- integral curves, each with ooi associated

plane-elements of the content. As an example of the

latter kind of integral equivalent, the system of lines

X = a, y = bt, z = /

where a, b are arbitrary constants, and / is a variable

parameter, are integral curves derived from the content

of av/.r -f- zdy - ydz = o ; and if with each point (a, bt^ t)

we associate the elementary flat-pencil which lies in the

plane a{x - a) 4- i{y - bz) = o, we have a complete

integral equivalent, all the elements of the content being

taken into account. If we take the two analytical

relations x — a, y = bz, involving arbitrary constants

only, we get, it is true, a kind of integral equivalent
;

but this is not complete, in any sense analogous to the

complete integral of an exact equation.

Part ii. deals with ordinary equations, not linear
;

and the point of view is almost entirely that of function-

theory. The coefficients in the equation are analytical

functions, in Weierstrass's sense ; and the main problem

is that of discussing the functional nature of the depend-

ent variable or variables. The discussion is necessarily

based upon the work of Cauchy, Briot and Bouquet,

Weierstrass and Fuchs ; the analysis is simple enough

in essence, but the details, unfortunately, are unavoid-

ably lengthy, and tend to be monotonous, owing to the

necessity of considering different cases and establishing

a set of typical forms. The results are so important

that the student is bound to make himself familiar with

them ; but the judicious reader will do well to use his

privilege of skipping. The fact is, that the demon-
strations fall naturally into a very few types ; and it is

as profitless to study every one of them minutely as to

attempt a detailed examination of every kind of

singularity of an algebraic curve. There are, of ccurse,

many points in the analysis which cannot fail to arouse

interest and admiration ; for instance, the use of a

dominant function in proving the existence-theorem, and

the employment of a sort of extended Puiseux diagram

in the applications.

Then, again, there are those surprisingly general

and definite results which have been deduced, almost as

corollaries, from this somewhat unattractive analytical

theory. It must suffice to refer to Painlevd's theorem

(ii. p. 211), that the points of indeterminateness of every

integral of a single equation of a certain very general

type are fixed points determined by the differential

equation itself ; and to the result established by Bruns

(iii. p. 311 and following), that every algebraic integral

of the differential equation of the problem of three (or

more) bodies can be constructed algebraically from

the long-known classical integrals. But the reader

will find other results of almost equal interest due to

Poincard, Fuchs, Picard and others. The reaction of
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the Weierstrassian function-theory upon other branches

of analysis, and in particular upon the problems of celestial

mechanics, is truly remarkable.

It is to be hoped that the publication of Prof.

Forsyth's work will make English mathematicians

better acquainted with current research on the subjects

with which he deals. The value of his treatise for really

competent readers is evident, and needs no commenda-

tion. But we may, perhaps, regret that he has not more

definitely considered the interests of the rising genera-

tion. It is most important that new ideas and recent

methods should be introduced to young men of ability

while their minds are keen and susceptible ; and their

interest is seldom aroused in the first instance by a treatise

which aims at being exhaustive. To take an example

in point ; few readers, we imagine, to whom the subject

was new, would persevere in the study of Lie's great

work on transformation-groups ; yet what mathematical

student could fail to be delighted with his lectures on

differential equations with known infinitesimal trans-

formations, as edited by Dr. Scheffers ?

No doubt the task of writing an introductory, and

thoroughly didactic, treatise on the modern aspects of

this theory is very difficult ; more so, very likely, than

the one to which Prof. Forsyth has applied himself.

The selection, combination and assimilation required

would demand a great deal of care and judgment; a

certain lightness of touch would also be desirable, and

this is not easy to maintain after a course of reading in

the extremely ponderous memoirs which are so often

found in the literature of the subject. But a work of

this kind might do more than the most conscientious

handbook to encourage a living interest in the theory of

differential equations. There is some appearance of a

tendency to over-elaboration in English treatises pre-

sumably written for students ; to authors as well as to

lecturers may be commended the maxim " Above all, do

not be dull." G. B. M.

OUR BOOK SHELF.
Origin and Character of the British People. By Nottidge

Charles Macnaniara. Pp. 242 ; 33 figures. (London :

Smith, Elder and Co., 1900.)

Mr. Macnamara seeks, in a small compass, to indicate

the origin of the component parts of the British people,

and to account for the differences of local moral
character by proportionate inheritance from the original

races, all of which are assumed to have their mental
and moral peculiarities as fixed as their physical cha-
racters. He believes that the Iberians, as he prefers to

call the Mediterranean or Afro-European race, formed
the primary stock from which the existing inhabitants of
Great Britain and the West of Europe are derived ; and
that they are the modified descendants of Palaeolithic

man. The tall fair Aryans originated in Western Asia.

The pioneer migration of the Aryans into Europe
formed the Cro-Magnon race ; then came the dolmen-
builders, the South Mediterranean branch extending
from the Amorites to the "fair Libyans" ; the migrants
into Central Europe mixed with the brachycephals and
constituted the " Celts." A distinct northern migration
formed the Teutonic Aryans.
The author also believes that dolmens and long barrows

are everywhere the work of the Aryan race. The pre-
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historic tall brachycephals of Northern Europe were a
branch of the Northern Mongolian or Turanian race.

The short dark brachycephals of Central Europe brought
the art of working in bronze from Asia, presumably from
Burmah. The Formorians of Ireland were Iberians ; in

North-west Ireland are still to be found descendants of
the Northern Mongoloid race ; the Firbolgs were Celtic

Aryans or dolmen-builders. The Southern Mongoloids
arrived in the bronze age ; these are the Tuatha de
Danann. A second invasion of Aryan Celts, or Mile-
sians, arrived in Ireland also during the bronze age. This
abstract gives a fair idea of the scope and views of the
author.

The Geography of the Region about DeviPs Lake and the
Dalles of the. Wisconsin. By Prof. R. D. Salisbury
and Mr. W. W. Atwood. Pp. x+151. (Madison,
Wisconsin : Geological and Natural History Survey,
1900.)

This is the first number of an "Educational Series" to
be published by the Wisconsin Geological and Natural
History Survey. The region to which attention is now
particularly called is in the south-central part of
Wisconsin, and it is of interest because it well illus-

trates many points in the geographical evolution of land-
surfaces. It comprises an undulating plain chiefly of
Potsdam Sandstone, with some areas of magnesian
limestone, and with a northern and southern range of
bold quartzite hills. The southern range rises from 300
to 800 feet above the surrounding land, or up to 1600
feet above sea-level, and in the bottom of a deep gap,
which divides this range, lies Devil's Lake. This is a
lake which, in glacial times, occupied an enclosure be-
tween the ice on the one hand and the quartzite
ridge on the other : a gorge which originally was
the work of a pre-Cambrian stream. The melting
of the ice supplied abundant water, and the lake rose
perhaps 90 feet above its present level. In this and in

many other cases the irregular deposition of glacial drift

gave rise to many depressions without outlets, in which
surface-waters collected after the ice had disappeared.
Few of these lakes now remain in the region, but Devil's
Lake, which is more than a mile in length and half a mile
wide, occupies an unfilled portion of an old river valley,

isolated by great morainic dams from its surface-con-
tinuations on either hand. Streams originate beyond these
dams. The " Dalles " are sandstone cliffs which form a
gorge along the Wisconsin River for a length of about
seven miles, and a depth of 50 to 100 feet. The effects of
weathering by atmospheric agents, and of erosion by the
river, are well exhibited, and the views remind us of the
rock-scenery along the Eden near Corby Castle.
The volume, which, with its index, extends to 1 5 1 pageis,

is in reality an essay on the origin of scenery treated from
a geological point of view. The authors deal with the
pre-Cambrian history of the quartzite, from its origin in

loose sand to its uplift and deformation ; and they deal
similarly with the other strata. They contribute also a
fairly full account of the phenomena of the Glacial period,
and of the work of rain and rivers. Numerous excellent
photographic representations of the scenery are given,
including views of various natural arches, tors, anct

needles.

Monistische Gottes- und Weltanschauung. Von J. Sack.
Pp. viii -f- 278. (Leipzig : Engelmann, 1899.)

In Herr Sack's view all particular existences are modes
of one spirit-substance—God. He calls this doctrine
monism, and not pantheism, because he thinks the latter

not incompatible with polytheism. Be this as it may,
the distinguishing mark of his thesis is that it works to

an Hegelian doctrine of being along the lines of a
naturalistic theory of becoming that might satisfy Mr.



June 21, 1900] NATURE 173

Spencer. The result is a form of vitalism. The move-
ment which is to be found in the inorganic world is

not merely continuous with, but synonymous with life

and consciousness. Matter is not only the revelation

of spirit, but body and spirit are one and the same. His

method, which consists simply in the assumption that

human spirit is an analogon of the world-principle, will

not bear this conclusion. And his superstructure is

r.ither in the air.

In his view of evolution there is nothing novel. It is,

of course, teleological. Its real dynamic, as opposed to its

formal occasions, is the all-inclusive being as principle of

organisation. The working of this is elucidated quite

after the manner of Mr. Spencer, by what Herr Sack
oddly calls "antinomies"—viz. the antithesis of indivi-

duality and community, and the like.

It is when he comes to deal with art, morals and
religion that Herr Sack is most at home. These are

man's adumbrations of the contents of the intellectual

intuition of the universal spirit : Art, like ethics, is a

social product. Ethics are treated in a manner on the

whole definitely Spencerian, even to the condemnation of

the social-democratic movement. In his discussion of

religion, Herr Sack is opposed to Mr. Spencer, and, while

owing a good deal to Prof Max Miiller, is original. Not in

dreams with their presentment of the dead, not in natural

phenomena like sunrise and sunset, not in anything so

symbolic as totemism, does the matter of religion arise.

They might confirm its sublimity ; they are most of them
too habitual and ordinary phenomena to create it. It is

rather what suggests the invisible, the beyond, the in-

finite, that originates religious feeling—the horizon, the

movement of the wind, the breath of life. Infinite space
and infinite movement, and the aniina mundi^ are the

elements of the religion of monism, and primitive religion

was monistic. Cult degrades it into polytheism, and an
interested priestcraft corrupts it ; but monism has never
been without a witness.

A world of spirits, in the spiritualist's sense, is of

course incompatible with such a view. As is individual

immortality. In truth, personality other than relative

can belong only to the Allwesen, " in whom we live, and
move and have our being."

In description, Herr Sack often shows a good deal of

power. His views in the field of Religionsforschung
doubtless express something of the truth, though not to

the exclusion of other explanations. Indeed, the horizon,

and the wind, and breathing are habitual too I Herr
Sack's monistic formula, if true, must be established on
other lines than his. lis only value here is that of any
unverified vaticination that has brought peace to some of

our fellow-men. H. W. B.

First Stage Hygiene. By Robert A. Lyster, B.Sc.Lond.
Pp. viii -H 199. (London : W. B. Clive, 1900.)

In general character this book resembles those already
available for students of elementary hygiene and public

health. It is intended more particularly for students
receiving lessons upon the lines of the syllabus of the

Department of Science and Art, now the Board of

Education, but it may also be used by other students.

The order of treatment differs from that usually adopted,
l)ut it may be doubted whether in some cases the change
is an improvement. A noteworthy point, however, is

that, so far as possible, the physiological facts required to

intelligently consider hygienic principles are dealt with as
they are required, instead of being described in a separate
section devoted to physiology. Another characteristic

of the book is that simple experiments illustrating the
points described are given at the ends of some of the
hapters. There is still room for a book containing not
uily lecture experiments, but a good course of laboratory
'. ork to be done by individual students of hygiene.
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LETTERS TO THE EDITOR.
[ The Editor does not hold himself responsible for opinions eX'

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any other part of NATURE.
No notice is taken ofanonymous communications, ^

Measurements in Schools, Collateral Heredity.

I AM at present engaged on an investigation into the strength

of collateral heredity, i.e. the degree of resemblance for a variety

of mental and physical characters of pairs of brothers, pairs of
sisters, and pairs of brothers and sisters. In this matter I cannot
seek the aid of parents, for they are scarcely unbiased observers,

but I have to appeal for aid to those who teach in schools, and
have thus an independent and often extensive knowledge of

their pupils' characters. This is very frequently combined with

the scientific training and caution which renders the teacher's

aid of special value. As it is necessary to obtain measurements
and observations of both sexes, I have appealed to both men
and women teachers, and as it is also needful to combine the

sexes (in the brother-sister measurements) to thos2 working in

elementary schools, as well as in boys' public schools and in

girls' high schools. The result of my appeal has been to bring

me a great deal of most valuable aid. Several high schools

have been dealt with, fourof our chief public schools have been,

or are being measured, and a considerable variety of private,

elementary and other schools. But a single public school (even

of 500 to 700 boys) will often have only tea to twenty pairs of

brethren, not, perhaps, as many as in a village national school,

and I am most desirous of getting further help. The determin-

ation of the strength of collateral heredity is a problem of great

scientific importance, and it can only be achieved by co-operative

action. I have found so many teachers in all classes of schools

willing to give disinterested aid in the cau»e of science that I

venture to make a further appeal through Nature for mire
assistance. Besides observations of physical and mental

characters, which can be recorded without measurement, my
data papers ask for certain head-measurements, which can,

following the printed instructions, be taken quite easily. I

shall be most glad to send sample papers to any one willing to

assist, and if, after considering these, they find themselves able

to assist, say by filling in data papers for ten or more pairs of

brothers or sisters, I will at once despatch a head-spanner, of

which I have several at the present time, free. The head-

spanner should not be retained (unless under special circum-

stances) for more than a few weeks. Where the school is a

small one, one master has, as a rule, filled in the papers

entirely ; in larger schools, one of the science masters, or even

the medical ofificer, has done the head -measurements, and the

other data have been provided by house, form or consulting

masters. In the ultimate publication of the statistics all aid

will be duly acknowledged, but I make the appeal for help

simply on the ground that the investigation of heredity is to-day

one of the most important scientific problems, and that its

exact quantitative determination is well within the reach of

co-operative observation. Karl Pearson.
University College, London.

The Perseid Meteoric Shower.

In the years from 1893 to 1899 inclusive, about 120 deter-

minations of the Perseid radiant were made. With the exception

of three or four positions, the dates of the observations ranged

from August l to 16, while the majority were for August 10 and
II only.

It seems of little use to continue accumulating observations

of the radiant point on and near the date of its maximum. What
we essentially require are observations of the earlier stages of

the shower during the last half of July, and as the present year

offers a good prospect for obtaining them, I trust observers will

make a special effort in this direction. The moon will reach

her last quarter on July 19, and will prove a very slight hin-

drance to observation during the ensuing fortnight. When the

sky is clear it should be watched all night, the paths of such

meteors as are visible carefully recorded, and the results for each

date kept separate, so that the place of the Perseid radiant may
be traced in its diurnal motion of about i^ to the E.N.E. Some
really good determinations of the radiant in July would be

valuable, for very few have ever been made owing to the
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comparative feebleness of the shower in this month. An observer,

however, who extends his watch over a long period, if not over

the whole of the night, will find little difficulty in mappmg a

sufficient number of Perseids to indicate a good radiant.

Bishopston, Bristol, June lo. W. F. Denning.

Variations in Plants of the Herb Paris.

The enclosed table, showing the variations in 200 plants of

Herb Paris, picked this month in the woods near Wells, may

be of interest to some of your readers, especially if looked at in

connection with the memorandum written by Sir Edward Fry,

which he is kind enough to allow me to send with it.

L. Eleanor Jex-Blake.
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best to touch upon individual papers rather than to

attempt to discuss them together under special headings,

as was done before.

One must not pass over without mention the list of

some hundreds of hybrid plants exhibited at Chiswick on

the first day of the Conference. In this are given the

names of the parent species and of the raisers, as well as

notes as to characteristics and habits, and points in which

the hybrids most resemble their father or their mother.

The generic headings are arranged alphabetically, while

several plants and the pitchers of some Nepenthes are

figured. .\ page is further devoted to the interesting

series of mixed grafts which were also shown. In these

the branches of both scion and stock retain their foliage,

and in all cases the component plants belong to diflferent

genera. The title of " Hybrid Grafts," given to them in

the report, does not seem to be a satisfactory one, being

open as it is to misinterpreta-

tion or to confusion with " graft

hybrids."

Dr. Masters' introductory ad-

dress has already appeared in

Nature (vol. Ix. p. 286). Among
Mr. Bateson's contentions as to

the origin of species, which have
not been previously alluded to,

is his statement that most pro-

fessed botanists and zoologists

are agreed that no natural

species, whether animal or

plant, has arisen by direct

hybridisation. This may be
mentioned, as another contri-

butor to the report expresses

the opposite opmion. Further-

more, Mr. Bateson's remarks as

to the benefits that many horti-

culturists might confer upon the

student of evolution, by record-

ing even rough statistics, are

very much to the point.

The getiics Anthurium.—M.
de la Devansaye says : (i) that

in this genus, pollen to be of

value must come from plants

springing from a different batch

of seeds from that giving rise

to the ovule-bearing individuals
;

(2) that pollen from allied genera
has a beneficial eflfect

; (3) that

variations may not be seen in i

the first or second generation of

hybrids, and yet may appear in

the third or fourth. Hence experiments should not be
abandoned too soon.

Monstrosities.— Prof. Hugo de Vries' paper, read under
the title of " Hybridisation as a means of Pangenetic
Injection," now appears as "Hybridisation of Monstrosi-
ties." There is plenty in it, however, which does not
refer to monstrous plants. Variation among hybrids of
the first generation, as regards the colour of the flower,

in a case considered by the professor, is put down by
him as justifying the supposition that they simply in-

herited their variability from their mother. He lays down
as a rule of horticultural practice the choosing of forms
to hybridise, of which at least one is known to be very
variable. The well-known multiformity of hybrids is

stated to arise from this, but the fact—abundantly proved
by the Conference— is also noted, that many hybrids can
hardly be distinguished exteriorly from one or other of
their parents, and therefore may be often mistaken for

true species.

Hybridisation and its Failures.— Physiological affinity,

says Prof. Henslow, it would seem, must be neglected
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altogether in purely systematic work. He gives many
cases where plants that botanically are placed in separate

genera or families, on the strength of a single character,

will not breed together, and he contends that genera that

can be crossed should not be united for this reason alone,

for if interbreeding is to be the test, polymorphic forms

of the same species would logically have to be separated.

The many " failures " recorded by Prof. Henslow must

not be all put down as definitely proved to be such, as in

many cases adverse conditions, of which the experi-

menters were ignorant, may have prevailed.

One would be interested to know whether the professor

gained much information from the answers to the ques-

tion set by him at the Royal Horticultural Society's

examination last year, which ran, " Give any instances of

failures, and state your opinion as to their causes, in

crossing distinct species.'

Fig. I.—True anl fa'se hybrids of Citrus,

Official Work of the United States.— In the previous

notice were mentioned the difficulties met with by Mr.
Webber and Mr. Swingle, owing to the ovule of Citrus pro-

ducing more than one embryo. In the accompanying
illustration (Fig. i), reproduced from the report by the

courtesy of the Royal Horticultural Society, pots i and 4
each contain two seedlings of Citrus trifoliata type,

arismg from a single seed, and which show no effiscts

of any cross. In the second pot are three young plants,

again rising from a single seed, as determined after it

had germinated. The seed was the result of a cross

between C trifoliata^ ^ , and the Tangerine orange, $

.

One of the seedlings has trifoliate leaves of larger size

than the typical C. trifoliata., and this is the true hybrid
from the egg-cell proper, while the other plantlets with

unifoliate leaves, and resembling the Tangerine, are from
adventive embryos.

In No. 3, where the parents of the seed were the sweet
orange, $ , and C. trifoliata., ^ , two seedlings have grown
both with trifoliate leaves, and that having these larger

and more abundant may be put down as the hybrid. The
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other, which is like the mother in every respect, is looked

upon as the product of the nucellus. Mr. Webber's other

remarks and illustrations apply to the hybridisation of

cotton and maize.

The structure of Certain Hybrids.—Dr. Wilson con-

tents himself chiefly with the external structure of hybrid

Passijlora, Albuca., Riiyjs and Bej^o?iia. His figures loring

out very forcibly the intermediate nature of many
hybrids. The grades between ideal "tuberous" and
"non-tuberous" conditions in hybrid Bcoonia are re-

markable, joints of the stem falling away in several

instances. We reproduce his illustration (Fig. 2), a

Fig. 2.—Flowering shoot of KiU-s nii^r

(nat. size).
9, X R. grossularia, <J ,

flowering shoot of a hybrid between the gooseberry, $,
and black currant, $, and his sections of the ovary
walls of the young plant and its two parents (Figs. 3,

4, 5). Several experimenters have obtained the cross
and fruit from it, but no seeds. It is interesting that no
odour of the black currant is possessed by the leaves, and
that the caterpillars of the gooseberry saw-fly attack
them without hesitation.

Self-sterility.— \x. is well that the importance of deter-
mining whether a plant may not be self-sterile has been

Fig. 3.—Transverse section of part of the ovarian wall of the black currant.

brought out by Dr. F. Ludwig. All the individuals of
a species which is propagated vegetatively may, in a
particular neighbourhood, be practically the same plant,
and incapable of fertilising one another (compare the case
oi Crocus sativus on p. 276). Hence the importance in
bringing pollen from physiologically independent indi-
viduals at a distance, mentioned in the discussion by the
Rev. G. H. Engleheart with regard to daffodils, but not
explained by him. Among a series of his opinions sum-
marised conveniently by Dr. Ludwig is one with regard
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to the springing up of races within the same species, which
may be self-sterile and self-fertile. Another is of a very
practical nature, and deals with the advisability, when
mtroducing a new species of plant into a garden, to ob-
tain at least two examples of it of as different origin as
possible, or to procure the seed of such.

Work at the Paris Natural History Museum, 1887-99.— M. L. Henry contributes a list of plants supposed ta
be hybrids, which he suggests might have their origin

Transverse sec.ijn of part of the ovarian wall of the hybrid.

proved by hybridisation experiments. He adds a record
of his work during recent years, giving most details with
regard to lilacs.

Grajt Hybrids.—This account of the Bronvaux medlar,
by M. E. Jouin, appeared originally in Le Jardin
(January 20, 1899) ; and M. Daniel ("La Variation dans
la Greff"e," ^«. 6Vz. Nat. Bot. Series 8, vol. viii. (1898),

pp. 1-226
;

pis. i.-x.) has figured and given some details in

Fig. s-—Transver.se section of part of the ovarian wall of the gooseberry.

his recent paper of the remarkable branches pushed out
by the whitethorn stock below the graft.

Branch No. i is intermediate between the whitethorn
and medlar. It is, however, thorny, and bears corymbs
of as many as twelve flowers, instead of solitary blossoms.
The fruits are medlars, but small and much flattened.

Branch No. 2.—The young leaves resemble those of
the whitethorn ; the older, those of the medlar, being
hardly, or not at all, lobed. The flowers are like those of
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the former plant, and arranged in corymbs, but a trifle

larger. The fruits are not medlars.
Branch No. 3.—The base is simply whitethorn, but the

extremity is practically like Branch No. 2.

Similar cases are instanced by M. Jouin, who puts

down the now celebrated Cytisus adami as having arisen

in the way that the branches above described have done.

Drosera Hybrids.—This paper, by Prof. Macfarlane,
has already appeared in the publications of the Uni-
versity of Pennsylvania ; it deals with the structure of

a batch of natural hybrids. It may be noted that several

instances of what the author has called bi-sexual hybridity

occur in the plants considered (p. 248) ; for instance,

instead of finding structures intermediate between the

elongated glandular hairs of Drosera filiforniis and the

sessile two-celled glands of D. in/er>iiedia, both appear
on the calyx of the hybrid between them. This fact

calls forth some interesting speculations of a cytological

nature, which the Professor hopes to see verified. .As

showing the growing opinion in favour of graft hybrids

being realities, it might be mentioned that Cytisus adami
is referred to as such in the paper.

The ]nfluenie of each Parent.—From experiments with

cereals and Bromeliaceje, Dr. Wittpiack concludes that
" the mother has the more influence upon the habit ; the

father the more upon the inflorescence ; at least, upon its

colour." The contrary opinion of M. Duval is given,

who also holds that to reduce the volume of the plant the

larger must be fertilised by the small parent species. Ac-
cording to Mr. Tropp, the same holds good usually, but

not always, with orchids.

Principles.—The laws given by Herr Max Leichtlin

may be quoted in full :

—

(i) The female parent gives to the offspring the form
and shape of the flowers ; also certain qualities.

(2) The male parent gives more or less of the colouring

of the flowers, and if it be richer and blooms more freely

than the female, this property is transferred to the

offspring. ,

(S) Artificially produced offspring give larger flowers

than either of their parents.

(4) The more distant the habitats of the species in-

tended to hybridise, the more difficult is it for them to \y-

fertilised with each other's pollen.

(,5) The offspring becomes infertile and delicate if th(

form of the flowers of their parents is widely different in

shape and outline.

Breeding Staple Food Plants.— In alluding to the cost

in labour and money of developing hybrids when the im-

mense number of plants that should be dealt with are

used. Prof. Willett Hays points to the importance (f

selecting carefully the parental individuals. The be-

flower, he says, too, should be chosen from the best pai

of the plant.

An Iviproved Variety of Crocus Sativus.— It was not

till after many experiments with examples from many
places that the saffron could be got to produce seed, ex-

cept very meagrely (compare the remarks already made
on self-sterilising above). After a wild plant of Crocus
graecus was obtained from the island of Syra, as much
seed as was wanted was obtained. In the variety pro-

duced by M.Chappellier there is a proliferation of stigmas,

sometimes thirty, and even bracts and sheaths have been
converted into them.
Experiments with Dioscorea.— In an attempt to obtain

.1 tuber which was short enough for one to dig up easily, a
plant was obtained by M. Chappellier bearing both male
and female flowers. This worker also contributes a note
on Mirabilts.

Hybrid Lilacs.—M. E. Lemoine sends an account of
how he proved the Varin lilac to be a hybrid between
Syringa perstca laciniata and .S". vulgaris., a- piece of
work which M. Henry would also have succeeded in if

his plants had not died before flowering.
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Hybrid Clematis are dealt with by M. Morel and Mr,
Jackman. M. Duval treats of Anthurium scherzerianuviy
of Bromeliads and of Gloxinias. This hybridist points
out how important it is to know the pedigree of plants
experimented with, and says that the male parent should
be most carefully selected, as being the one whose
influence greatly preponderates. Mr. Meehan and Mr.
Smythe have written a few general notes. Mr. Weekes
has a little to say about Chrysanthemums, wh^le Mr.
James Lye, when discussing the cross-fertilisation of the
Fuchsia., states that he uses the tip of a squirrel's tail to
transfer the pollen, and prefers muslin bags to those
made of paper for enclosing the chosen blossoms.

Mr. Wilks, the secretary of the Royal Horticultural
Society, must be complimented upon the successful
production of the report. Wilfred Mark Webb.

OUR NORTHERN BIRDS.'
IV/r R. DIXON is a prolific writer, and confines himself
-'''-»- almost entirely to one subject. Nevertheless he
always succeeds in interesting his readers, and contrives
to say something fresh even upon such a trite and thread-

-Rough-lcg.;," Buzzard (From Dixon's "Among the Birds
Northern Shires.")

bare theme as British birds. In a former volume Mr.
Dixon took as his subject " Bird-life in a Southern
County "

; and in the present work he dwells on the great

difference between the bird-fauna of the more northern

counties of England and Scotland from that of the south

1 " Among the Birds in Northern Shires." By Charles Dixon.

Pp. X -(- 303. (London and Glasgow: Blackis and Son, 1900.)
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of England. Not only are many of the birds of the

northern districts normally strangers to the south, either

at one season of the year or at all times, but notable

differences in their habits are observable. Species, for

instance, that sing during winter in the south are silent

at that season further north ; while others that are per-

manent residents in the former area are migratory in the

latter. And it is certain that from an ornithological

point of view the northern counties are more interesting

than the southern—and more especially the south-western

counties.

. In the treatment of his subject, Mr. Dixon has acted

wisely in abandoning a systematic classification in favour

of a grouping by means of " station," so that we have
chapters on the birds of the upland streams, of the moors,
the mountains, the heaths and marshes, the forests and
copses, the farm and the garden, the river and pool, the

sea and the beach, and the crag and sea-cliff. By this

arrangement a much more discursive and "chatty" style

of writing is permissible than would otherwise have been
the case. The reader is accordingly spared a repetition

of the descriptions of the various species of which we

The Dotterell. (From Dixon's "Among the Birds in Northern Shire:

have already more than enough ; and the author has
also seen fit to abandon the use of technical names,
and to content himself with the English titles of the birds

mentioned.
Much of the attraction of the book is due to the ex-

quisite portraits of birds in their haunts from the
accomplished pencil of Mr. C. Whymper. Where all are
good it is difficult to select examples for special commend-
ation, but the black-cock crowing is one that strikes our
own fancy, and the two cuts that we are enabled, by the
courtesy of the publishers, to reproduce, will serve as
good examples of the general style of illustration. If we
mistake not, the figure of the raven is very hke one that
has appeared elsewhere.

In the chapter on the birds of the upland streams an
excellent account is given of the habits of the water-ouzel
or dipper ; and here the author appears, for once, to have
caught Prof. Newton "tripping." In his "Dictionary
of Birds" the origin of the name "dipper" is attributed
by the Cambridge ornithologist to the wiiter of the letter-

press of Bewick's " British Birds," but Mr. Dixon points
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out that it occurs in a work published as far back as 1771,
and a later issue of which was actually edited by the
learned professor himself!
An especial feature of all the author's works is his own

practical experience of birds in their native haunts ; and
all who have had bird-nesting adventures in their own
early days will read with delight the description, on p. 136,
of his ascent of a lofty oak to secure a clutch of buzzard's
eggs, which were safely carried down. In making friends,

during his youthful days, with both poachers and game-
keepers, Mr. Dixon seems indeed to have had an almost
unique experience, and one whereby his practical

acquaintance with the ways of birds was largely aug-
mented. He has many stories to tell of the wanton
manner in which he has known keepers fire into the nests

of brooding birds and otherwise inflict destruction on
what they are pleased to denominate " vermin." In regard
to these latter, he urges (p. 151) that our indigenous
native game-birds would thrive all the better if hawks,
crows, magpies, owls and the like were left unmolested.
The pheasant, he thinks, however, might not fare so well

;

but, he adds in effect, perish the pheasant ! This, how-
ever, we venture to suggest, is scarcely a
practical way of looking at things. If

pheasant-preserving were to be given up,

our coverts would not be guarded at all,

and many of the other birds would be ten
times worse off than they are under the
present regime.
Not the least interesting chapter in a

very interesting book is the final one on
bird migration in the northern counties,

where, instead of a learned discussion on
the theory of migration, we have an actual

account of the manner in which the swarms
of autumn and spring migrants reach and
leave our coasts. Here the author re-

marks that the short-eared owl and the

woodcock frequently reach the Wash to-

gether, making the passage, from the

Continent during the same night, although
the one just skims the water while the

other flies high in the air. And many
other passages attests the author's close

observation of the movements of birds. It

is to be wished, however, that he would
employ the familiar name hedge-sparrow
in place of the pedantic hedge-accentor.

The term sparrow, as Prof Newton re-

marks, was probably originally applied

to all our smaller birds ; and it is surely

an unwarrantable assumption on the part

of ornithologists to traverse popular usage
its restriction to the members of the

R. L.

and attempt
restricted genus Passer.

NOTES.
The delegates to the third biennial conference in connection

with the International Catalogue of Scientific Literature were

entertained at dinner by the Royal Society as we went to press

last week. In the course of the evening several interesting

speeches were made in proposing and responding to toasts.

Prof. Forsyth, in proposing " International Science," referred

to the great empire of science, the possessions and achievements

of which are intended for the welfare of all men. Prof. Darboux

responded for France, Prof. Klein for Germany, and Prof. Weiss

for Austria. The toast of " The Delegates to the Conference
"

was proposed by Sir John Gorst and responded to by Prof.

Ciamician (Italy), Dr. Graf (Switzerland), and Dr. Brunchorst

(Norway). Sir Michael Foster proposed the toast of '

' The

Guests," which was responded to by Lord Strathcona ; and the
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health of "The President" was proposed by Dr. Schwalbe

and acknowledged by Lord Lister. We have not yet received

from the Royal Society the proch verbal of the meetings of the

delegates, but it is understood that the support promised will

warrant a commencement of the Catalogue at the time fixed.

The third biennial Huxley lecture at the Charing Cross

Hospital Medical School will be delivered by Lord Lister on

Tuesday, October 2. The two former lecturers, in 1896 and

1898, were Sir Michael Foster and Prof. Virchow.

The Society of Arts has awarded its Albert medal for the

present year to Mr. Henry Wilde, F.R.S., "for the discovery

and practical demonstration of the indefinite increase of the

magnetic and electric forces from quantities indefinitely small.''

This principle is the one on which the invention of the dynamo

machine is based, and is utilised in the construction of all

modern dynamos.

At the annual general meeting of the Royal Statistical

Society, held on Tuesday, Lord Avebury was elected president

for the ensuing session. It was announced that the subject of

the essays for the Howard medal, which will be awarded in

1 901, with 20/. as heretofore, is " The History and Statistics of

Tropical Diseases, with especial reference to the Bubonic Plague.

"

The essays should be sent in on or before June 19, 1901.

The annual meeting of the Marine Biological Association will

be held at the Royal Society on Wednesday next, June 27.

We learn with regret that Mr. W. Percy Sladen, for years an

honorary secretary of the Linnean Society, died at Florence on

June II.

The death is announced of M. Boutan, one of the founders of

the French Physical Society, and the author of an excellent
'

' Traite de Physique " as well as other works.

Prof. Edmund Perkier has been appointed to succeed the

late Prof. Milne-Edwards as director of the Paris Natural

History Museum.

The autumn meeting of the Iron and Steel Institute will

be held at Paris under the auspices of the Societe d'Encourage-

ment pour I'lndustrie Nalionale, on Tuesday and Wednesday,

September 18 and iq.

The summer meeting of the Institution of Mechanical

Engineers will be held in London on June 27 and 28. The pro-

gramme includes an adjourned discussion on road locomotion

(a short supplementary paper dealing with the recent trials

will be submitted by Prof. H. S. Hele-Shaw, F.R.S.) ; recent

locomotive practice in France, by M. Edouard Sauvage ; poly-

phase electric traction, by Prof. C. A. Carus-Wilson ; obser-

vations on an improved glass revealer, for studying condensa-
|

tion in steam-engine cylinders and rendering the efifects visible,

by Mr. Bryan Donkin.

An interesting exhibition of objects illustrating the population,

monuments, customs, and native industries of the Chawi and

Kabyle tribes of Algeria will be on view in the rooms of the

Anthropological Institute, 3 Hanover Square, W., until June 23,

from II a.m. to 5 p.m. The objects were collected in the

course of a recent journey in Algeria by Mr. D. Maclver,

student of Egyptology at Worcester College, Oxford, and Mr.

Anthony Wilkin, of King's College, Cambridge.

The Advisory Committee appointed by the Board of Trade in

connection with the business of the Intelligence Branch of the

Commercial, Labour, and Statistical Departments of that office

met on Thursday last. Sir Courtenay Boyle being in the chair.

There were present, among others, Lord Avebury, Sir Frederick

Abel, F.R.S., Prof. Wyndham R. Dunstan, P\R.S., and Mr.

C. A. Harris C.M.G.
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The grant of 1000/. in aid of the work of the Marine Bio-

logical Association ; the site of the National Physical Laboratory

at Kew ; and the grant to the British School at Athens, were

brought before the House of Commons on Friday last, upon the

vote to complete the sum of 50,724/. for scientific investigation^

It was urged by Mr. Gibson Bowles that the grant to the

Marine Biological Association should be largely increased ; and

by Lord Balcarres that the vote of 7000/. for building and

equipping the National Physical Laboratory should not bind

the Treasury to adhere to the site which has been proposed.

Mr. Hanbury said it should be borne in mind that the grant of

1000/. to the Marine Biological Association was not the only

grant made in connection with the fisheries of the United

Kingdom. A grant was given to the Fishery Board of Scotland

for the purpose of scientific investigation, and similar assistance

was given to the Irish fisheries. Under present conditions

there did not seem to be any urgent necessity to increase the

grant. The Treasury had very little voice in the matter of the

Physical Laboratory ; it had acted on the recommendation of a

committee of the Royal Society. It was absolutely necessary

to find a site near Kew Observatory, and after looking at every

possible site the committee strongly reported that no other site

would answer the purpose so well as that which adjoined Kew
Gardens. He agreed that nothing ought to be done which

would interfere with the amenities of Kew Gardens, and this

point had been considered in the selection of the site. The

two buildings, one for the machinery and the other for carrying

on the more delicate scientific operations, were to be placed in

positions which would not mar the views from the gardens or

injure their amenities. The voting of the 7000/. would in no

way prejudice the consideration of the case against the proposed

site.

Referring more particularly to the British School at Athens,

Mr. Balfour said that the only ground for the alarm expressed

was that the original grant was for five years, and that this term

was drawing to a close. The question of Governmental sub-

vention of scientific investigation was a very important subject,

and there was no doubt that this country had, from a traditional

policy, lagged greatly behind other nations in this respect. It

never occurred to us to do what the Germans, the French, or

the Americans did in making certain grants for investigations ;

and whether we were right or wrong he did not undertake to

say. His own personal inclination was rather in the direction

of Governmental aid in cases where they could not expect

private aid to come forward ; but at the same time he confessed

that he often thought how strange it was in a very rich country

like ours there were not found some people who, in a difficulty

to find other and more profitable investments, did not attempt

to earn glory for themselves by carrying on those investigations

with the money that was required. He could only say that

certainly the grant would not be discontinued without a generous

consideration of the facts and interests involved.

A MEETING of the Rontgen Society was held on Thursday,

June 7, at St. Bartholomew's Hospital, by the invitation of Dr.

Lewis Jones. A large American Holtz machine has recently

been presented to the hospital, and it was chiefly to allow the

members to have an opportunity of seeing this machine at work

in connection with X-ray tubes that Dr. Jones invited the

Society to meet at the hospital. Large Holtz machines,

though used considerably in America, are rarely seen in this

country, where the Wimshurst pattern is more commonly em-

ployed. A dark room has been fitted up in the electrical

department specially for X-ray work. The wires for bringing

the current to the tubes are passed through a partition to the

machine, which is on the other side. The observer and the

patient are thus in no way disturbed by the movements of the
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machine, or of the motor or other appliances connected with the

working of the same. The light given by the tubes was per-

fectly steady, which is one of the advantages usually claimed for

the influence machine over the coil, although this has been

somewhat diminished since the advent of the Wehnelt and

Caldwell electrolytic breaks.

Mr. J. WiMSHURST, F.R.S., also read a short paper on his

work in connection with the design and perfecting of the

several forms of his influence machine, describing, among

others, the large machine made for and presented to the Science

and Art Department, with plates 84 inches in diameter ; and

another, with twenty-four plates 36 inches in diameter, shown at

the Earl's Court Exhibition, and which is now, we believe, in

the possession of Dr. J. Macintyre, of Glasgow.— Dr. Remy, of

Paris, showed a new localising apparatus. This consists of a

vertical support moving in a socket fixed to the table. The

tube is supported by a cross piece at the lower end, under the

table, while the fluorescent screen is attached to the upper end,

together with two pointers representing the paths of the rays,

and held in supports moving in slots or grooves. Two observa-

tions are made and the pointers adjusted, after which the

apparatus is turned round away from the table, and the pointers

lowered until their points meet, thus indicating the df pth of the

hidden object below the surface. A bullet hidden in a loaf of

bread was found in a minute or so by Dr. Remy.

The Scientific American contains an account of Count von

Zeppelin's projected navigable balloon now under construction

on Lake Constance. The balloon is to be 416 feet in

length and 38 feet in diameter, divided into seventeen compart-

ments, and supported on an aluminium framework. It is to

carry two cars and motors, and to be propelled by screws placed

in pairs at the side of the balloon and geared to the driving-

shaft by two diagonal shafts. In the preliminary experiments

for testing the efficiency of the motors, a launch was driven

on the lake at from 6'S to 9-2 miles an hour by aerial

propellers. The fuel is benzene, and it is calculated that the

balloon will carry sufficient fuel to perform a journey of over

179 miles.

The cutting of the sudd on the Upper Nile and the conse-

quent release of large volumes of stagnant water has, we learn

from the Times ,\\z.d. an unanticipated influence on the condition

of the river at Assuan. P'rom reports received by .Sir Benjamin

Baker from the engineering staff" it would appear that the

absence of free oxygen in the water has caused wholesale

destruction of the fish. Within a hundred yards of the

resident engineer's office at least a million dead fish, ranging in

size from minnows to six feet in length, are to be found. This

result is consistent with London experience when it was usual

to pour crude sewage into the stream. The filtered water,

though clear and odourless, was drunk with impunity, but,

having no free oxygen, eels plunged into it would struggle

violently and finally die of suffocation, as has apparently been

the case with the fish in the Nile in the special circumstances

resulting from the long-deferred cutting of the sudd \}cv\s, year.

Some notes on New Zealand volcanoes are contributed to

the latest volume (1899) of Transactions and Proceedings of the

New Zealand Institute, by Dr. B. Friedlander. A description

of an eruption of Te Mari witnessed by him is of interest. The
eruption began with an explosion, and masses of ash-bearing

steam were ejected. There were at least four different light-

phenomena :—(l) the reflection of incandescent matter upon

the dark clouds ; (2) a large number of red-hot boulders, which

were shot high up and fell down in parabolic curves
; (3) light-
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ning, due to electricity produced by friction. The lightning

appeared in masses of ash-bearing steam ; and the ashes were

coarse, the single grains being about the size of a pin's head.

(4) Blue flames, and probably- reddish flames. Some red flames

were apparently distinct from the light due to illumination of

steam, and the blue flames must have been real. Dr. Fried-

lander suggests, to account for the flames, that during the

explosion there escaped combustible gases which at a certain

height above the crater met the oxygen necessary for taking

fire. He considers that vaporised sulphur would explain his

observations better than hydrogen, the flames of which are less

brilliant and less distinctly blue. Another paper of interest to

students of vulcanology, in the volume referred to, is a detailed

description of the volcanoes of the Pacific, by Mr. Coleman

PhiUips.

An official report by Captain R. H. Elliot, upon his re-

searches into the nature and action of snake-venom, is referred

to in the Madras Mail. Captain Elliott confirms the fact that

the mongoose is not immune in the fullest sense of the expres-

sion, seeing that it may succumb to a snake-bite, if sufficiently

severe, like any other animal. His researches go to show, how-

ever, that the mongoose does enjoy a partial and comparative

immunity from snake-poison—that is to say, a mongoose takes

from ten to twenty-five times as much cobra venom to kill it

as a rabbit does, and five to twelve times as much as a dog.

M. Calmette gives a somewhat lower estimate than this ; but

he made only a few experiments, and it is noteworthy that the

mongooses that he experimented with were obtained from

Guadeloupe, where venomous snakes are unknown. The mon-

goose was introduced into Guadeloupe (and Barbadoes) some

twenty-five years ago with a view to the destruction Of rats.

Captain Elliott thereupon remarks :
—" We are thus led to the

interesting conclusion that the introduction of the mongoose

into a country in which venomous snakes are unknown has re-

sulted, in so short a period as a quarter of a century, in a very

appreciable reduction of the animal's resistance to snake-venom.

This fact points strongly to the farther conclusion that the im-

munity is an acquired one, and inasmuch as the acquired

characteristic has been so rapidly and easily diminished, it

would appear likely that it must be maintained from generation

to generation. Be it remembered that a quarter of a century

probably means about fifty generations."

The growing necessity of obtaining greater speed on rail-

ways has of late been freely discussed, and different designs

have been put forward favouring very much the idea of a single-

rail system resting on supports and its train suspended below.

Hitherto all railways of this nature have been propelled by steam

or electric motors, but Fie/dens Magazine (June) describes and

illustrates a still later application of this suspended car system,

patented by Mr. H. S. Halford under the name of the Halford

gradient railway. The remarkable feature about his system is the

fact that no locomotive or electric motors are carried, as the train

derives its motion by gravitation imparted by raising, as long as

this is required, to a slight incline, the section of line upon which

the train is running. The track of this railway, which is sup-

ported, is divided into sections, the extremities of which can be

raised or lowered by hydraulic (or other) power, the operation

being performed either automatically by the carriage in its transit

or by the driver at will. It is stated that the cars ride smoothly

going from one section to another, and also the change of incline

is so small and gradual that the lifting of the track is almost un-

perceived. The Halford gradient railway has yet to see a more

practical test, but the following advantages claimed make the

devise feasible in many ways :— (i) In all other systems, the

greater the load the less the speed ; in this, the greater the load
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the greater the speed. (2) There is no need to stop for coal or

water. (3) Its natural tendency must be to increase in speed.

A photograph of a working model and diagrams illustrate the

article.

Considering the advances that have been made in the rate of

travelling during the present century, it would be unsafe to say

that a speed of 120 miles an hour is not attainable The evi-

dence that was produced before a Committee of the House of

Commons, in a Bill recently brought forward, was not, however,

sufficient to satisfy the Committee that such a rate of speed can

be attained with safety to the passengers. The scheme of the

inventor, Mr. Behr, was for an electric railway to run between

Liverpool and Manchester, and to perform the journey of 35

miles, including stoppages, in 17^ minutes, which would mean

a speed of more than double that now attained by the best

express trains. The carriages were to be suspended on a single

rail resting on A-shaped iron tressels, with two side rails to keep

the carriages in place. The idea of carriages being suspended

from rails is not new, an electric railway on this principle, 8

miles long, having for some time been in use between Barmen

and Elberfeld. The trolley rails there are double, and the speed

attained is only \%\ miles an hour. In the Lartigue system,

which has also been in use for some years, the carriages are sus-

pended from a single rail, but no high speed is attempted. An
experimental railway was constructed at Brussels on the Behr

system, when a speed of 80 miles an hour was said to be

attained. The sensation produced by the sudden pulling up of

an ordinary express train is sufficiently uncomfortable, to say

the least, to create considerable doubt as to the safety of stop-

ping a train within any reasonable distance travelling at double

this rate. Anyway, the Committee, in the interest of the public,

declined to give their sanction to the scheme as presented to

them ; and while admitting that the mono-rail system when pro-

perly matured might make an important development in rail-

way traffic, yet as regards the method of applying the brake-

power to trains running at such high speeds, they were not satisfied

that the safety of the public was sufficiently provided for.

The action which the vestry of the Parish of Hammersmith

has taken to make known the nature of consumption, and the

measures which should be adopted to prevent its spread, is alto-

gether praiseworthy, and other public authorities should emulate

it. At the request of the vestry, the medical officer of health,

Mr. N. C. Collier, has prepared a report upon the causes and

prevention of consumption,and it has been distributed in the form

of a leaflet. It is pointed out that " there is now no doubt that

consumption is caused by a minute living organism, the bacillus

of tubercle, and that the presence in the body of the tubercle

bacillus is most rarely inherited, but becomes introduced from

without. What is inherited is the non-resistile condition of the

vitality of certain cells in the body which are unable to destroy

the tubercle bacillus, when it has become accidentally introduced

into the system. To prevent consumption it is necessary, firstly,

to avoid all those means by which the tubercle bacillus may be

introduced into the body ; and, secondly, to avoid all those

causes which enfeeble the vitality of the cells of the body, and so

render them unable to destroy the tubercle bacillus should it

become introduced." The hygienic principles to be borne in

mind in order to prevent the spread of the disease are briefly

summarised, and the information given cannot be too widely

known to the public.

The recent report of progress of the observatory at Colaba

(Bombay) shows the large amount of work accomplished during

the year ending March iQCxa. In addition to the usual magnetic

and meleorclogical instruments, one of Prof. Milne's horizontal

pendulums has been in action for nearly two years. During the

year covered by the report, twenty-seven earthquakes were
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registered, besides 1398 small and local movements. A second

horizontal pendulum, designed and made locally, was erected

last March. It is similar in principle to the other, but much
more sensitive. The record is made mechanically by means of

an ordinary crow quill and glycerine ink, writing on paper

driven at the rate of five inches an hour, excellent open diagrams

being thus obtained.

The Deutsche Seewarte has recently issued its twenty-second

\Q\\xm^o{ Ausdem Archiv for the year 1899, containing valuable

discussions relating to the motions of air and sea. Among the

most popular subjects we may mention a paper, by Dr. van

Bebber, on a scientific basis of weather prediction for several

days in advance. The same subject has been treated of by the

author, in a preliminary way, in periodical publications, and has

already been noticed in our columns. The question is one of

great importance, and we therefore refer our readers to the pre

sent more elaborate discussion. An examination of the weather

conditions of twenty years, as shown by the daily weather charts

of the Deutsche Seewarte, has led the author to distinguish five

principal types, under one of which the actual conditions may be
classed, with a fair degree of probability that the behaviour of

the weather (on the Continent) will conform in its general features

to that of the type in question. The types all refer to the more
persistent areas of high barometric pressure, in contradistinction

to the more mobile areas of lower barometric pressure. The paper

is accompanied by sixteen charts and diagrams printed in the

text, and will repay careful study by those interested in weather

prediction.

We have received a double number ofthey<?«r«a/ of the Scottish

Meteorological Society, completing vol. xi. (3rd Series) of this

useful publication. It contains the usual valuable meteorological

returns from the Scottish lighthouses, and from a large number
of stations belonging to the Society. These observations (which

refer to the years 1897 and 1898) have been carefully examined ;

and monthly means have been calculated and utilised in the

preparation of the annual reports on the meteorology of Scot-

land. In addition to this routine work, the number contains

several special discussions, e.g. the "Annual Rainfall of Scotland

from 1800 to 1898." This is a comprehensive and laborious com-

pilation, by Dr. Buchan, and will be of the greatest utility in any

inquiry bearing upon the rainfall of this part of the United

Kingdom. The tables are divided into two parts, showing (l)

the annual amounts, and (2) the average rainfall for the whole

period, the heaviest and least yearly amount, the height of the

station, and other particulars. Among the other papers may be

mentioned "Birometric and Thermometric Gradients, 1704-

1898," showinj; the differences in the mean monthly and annual

values of these elements at London and Edinburgh, by Mr.

R. C. Mossman. We are glad to see that the important

work of tlie Ben Nevis Observatories will be completed in the

way desired by the directors, thanks to the magnificent donations

of two of the members of the Society.

The Wisconsin Geological Survey sends us the third number

of an "Economic Series," a "Preliminary Report on the

Copper-bearing Rocks of Douglas County, Wisconsin," by

Dr. Ulysses S. Grant. The copper occurs mainly as the

native metal, and most commonly in the upper amygdaloidal

parts of the old lavas belonging to the Lower Keweenawan

(pre-Cambrian) formation. It occurs also in small particles

scattered through both igneous and stratified rocks, in minute

seams and in veins. It was deposited in its present position

by circulating waters. At times, at the surface the native

copper is not discernible, and its presence may then be detected

by the green and blue alteration products or stains, malachite

or azurite. Areas where the rock is highly charged with

epidote are of a yellow or yellowish-green colour, and it is
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recommended that these be searched for particularly, as in them

copper is likely to occur. The rocks of Douglas county are

the same in nature, in origin and in age, as the copper-bearing

rocks of Keweenaw Point, Lake Superior ; but at present it has

not been determined in Douglas county that any deposit of

copper of sufficient richness is extensive enough to be of

economic value. Some of the recent explorations are, however,

very encouraging.

The Quarterly Journal of the Geological Society for May is

a bulky number, which contains the address of the ex-president,

Mr. Whitaker, and fourteen papers dealing with a variety of

subjects. Perhaps the most important of these are contributed

by women, who, by the by, are not at present eligible to

become Fellows of the Society. There can be no doubt,

however, that the essay by Miss Gertrude Elles on the zonal

classification of the Wenlock shales of the Welsh borderland,

and that by Miss Ethel Wood on the Lower Ludlow formation

and its graptolite- fauna, make very great advances on our

previous knowledge. The papers bear evidence of long-con-

tinued and critical research on the Silurian strata and on the

difficult subject of the zoological characters of the graptolites

which characterise successive stages in the rocks.

The volume of "Geological Literature," which since 1895

has been separately published by the Geological Society of

London, reflects great credit on the compiler, Mr. W. Rupert

Jones, and on the editor, Mr. Belinfante. In this work the

titles are given of the books and of all the geological papers

contained in periodicals which have been added to the Society's

library during the year 1899. This list occupies over a

hundred pages, while the subject-index brings the total to 176

pages. As a work of reference it is indispensable to all

geologists.

There is now in the press, and will shortly be published by

Messrs. Young, Liverpool, and Messrs. Porter, London, the

report of the conjoint expedition to Sokotra and Abd el-Kuri,

conducted in 1898-99 by the British Museum (represented by
Mr. Ogilvie-Grant, of the Zoological Department) and the

Liverpool Museums (represented by the director of museums to

the Corporation, Dr. H. O. Forbes). The expense of its

publication is borne by the Museums Committee of the Liver-

pool City Council, and the volume is edited by Dr. Forbes. It

will be illustrated by between twenty-five and thirty plates,

chiefly coloured, depicting the zoological and botanical dis-

coveries of the expedition, the ethnography of the islands, &c.

The introductory chapters by the editor give an account, fully

illustrated by blocks, of the journey, of the geography of the

islands and of their inhabitants. The scientific chapters are

contributed by Lord Walsingham, F.R.S., Prof. I. B. Balfour,

F.R.S., Mr. Boulenger, F.R.S., Dr. Forbes, Mr. Ogilvie-

Grant, Mr. A. E. Smith, Colonel Godwin-Austen, F.R.S., Mr.
De Winton, and other well-known naturalists.

The last number of the Zeitschrift fiir wissenschaftliche

Zoologie contains an elaborate paper, by Dr. E. Zander, on the

male reproductive organs of the Hymenoptera. It is illustrated

by a remarkably well-executed coloured plate.

A CORRESPONDENT of Nature Notes asks for some good
reason why a lover of animals should not wear the stuff'ed head
of a bird or other creature as an ornament. The query appears
to us a pertinent one.

We have received the Report of the South African Museum
for 1899, in which the Trustees express themselves generally

well satisfied with the progress of the institution. They record

an addition to the edifice of a large block of new building to

receive the art collections.
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In No. 3 of Marine Investigations in S. Africa, Mr. G. A.

Boulenger describes an example of the rare unicorn-fish

{Lopkotes cepedianus) from the Cape of Good Hope, where it

has not hitherto been definitely known to exist. The specimen

was considerably over a yard in length. The unicorn-fish,

which is an ally of the ribbon-fishes, takes its name from

the peculiar filamentous process arising from the front of the

elevated head.

The Annual Report of the Field Columbian Museum, con-

taining an excellent portrait of its founder, Marshall Field, is

likewise to hand. The museum appears to be making extremely

rapid progress, its ethnological series having been very largely

increased by the acquisition of the rich collection acquired by

the Stanley McCormick Expedition among the Hopi Indians.

An especial feature of the report is the introduction of a number
of photographs of recent acquisitions. Among these, we may
call attention to the portrait of a Hopi bride, and also to a

plate of a group of the extraordinary gigantic spiral fossils known
as " devil's corkscrew," or Daeinonelix, which have lately

excited so much interest.

The Imperial Department of Agriculture for the West Indies

has just issued a small pamphlet on the best means of destroying

that troublesome insect, the " mo\h.-\iOxzx'\Diatraea saccharalis),

which inflicts so much damage, while in the caterpillar stage, on

sugar-cane. It appears that a considerable number of the eggs

of the moth-borer (which are laid in patches on the leaves of the

sugar-cane) are attacked by parasites which prevent the develop-

ment of the caterpillars, and in due course come forth as flies.

These parasite-infested eggs are readily distinguished from

healthy egg? by being black, instead of yellow or orange. It is

recommended to destroy all the yellow and orange eggs that can

be collected, but to leave the black ones, in order that they may
breed flies to destroy other clutches of eggs. If this remedy were

adopted as soon as the young cane commences to show, and
continued as long as it is sufficiently small, the loss of the best

shoots would be avoided. If, however, the caterpillars are

allowed to hatch out and bury themselves in the cane, there is

nothing for it but to cut out the "dead hearts," and this to a

considerable depth. When cut out, they must forthwith be
destroyed, or the caterpillar will either complete its development
in them, or crawl out to other canes.

Bulletin No. 2 of the West of Scotland Agricultural College
is a report by Prof. -R. Patrick Wright on experiments on the

manuring of rye-grass and clover-hay in 1899.

The following are the most recent official botanical publica,-

tions which have reached us from the United States :—The ger-

mination of seeds as affected by certain chemical fertilisers, by
Mr. G. H. Hicks (U.S. Department of Agriculture, Division of

Botany, Bulletin No. 24) ; Bread, and the principles of bread-

making, by Helen W. Atwater (U.S. Department of Agriculture,

Farmer's Bulletin, No. 112); Co-operative experiments with

grasses and forage-plants, by Dr. P. Beveridge Kennedy (U.S.
Department of Agriculture, Division of Agrostology, Bulletin

No. 22).

Under the title of " Annuaire des Mathematiciens," Messrs.

Georges Carre and C Naud propose to publish a directory

containing the names, addresses and academic rank of those

interested in the study of mathematics.

Much information is given in a clear and concise form in

Mr. A. A. C. Swinton's little book on " The Elementary
Principles of Electric Lighting" (Crosby Lockwood), the

fourth edition of which has just been published. The book
only runs into sixty-four pages, but everything in it is to the

point ; and electrical artisans, as well as readers unfamiliar with
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electrical phenomena and effects, will find its pages perfectly

intelligible.

The first part of Dr. Carl Chun's narrative of the cruise of

the Valdivia and the scientific work accomplished, which has

been published by the firm of Gustav Fischer, Jena, shows that

the complete work, " Aus den Tiefen des Weltmeeres," will be

a most interesting account of a successful expedition. The

descriptive matter is untechnical in style, and liberally illus-

trated with excellent half-tone blocks and plates reproduced

from photographs. The complete work will contain six chromo-

lithographs, eight heliogravures, thirty-two full-page plates,

and about 1 80 illustrations in the text. There will be twelve

parts in all, two of which will be published every month, and

the whole by November next. The work will be a Challenger

narrative on a small scale, full of interest to all students of

natural history and of physical geography in the most compre-

hensive sense of the term. We propose to review it in detail

when all the parts have been received.

Prof. E. B. Wilson's work on "The Cell in Development

and Inheritance" (The Macmillan Cjmpany) contains a

masterly treatment of the facts of cell-structure and division,

and is favourably known to many biologists. It originally

appeared in 1896, and has already been reviewed in Nature
(vol. Iv. p. 530). Since then the aspect of many important

questions with which it deals has been greatly changed, more
particularly in case of those focused in the centrosome, and

involving the phenomena of cell-division and fertilisation. This

has necessitated a complete revision of the work, and there is

scarcely a page of the second edition, which has just been

published, that has not undergone alteration. More than a

hundred pages of new matter have also been added. The most

important results of modern cell-research, especially on the

zoological side, are brought together in the volume, which will

continue to be used as a convenient and clear synopsis of a vast

amount of knowledge to which additions are constantly being

made.

The additions to the Zoological Society's Gardens during the

past week include a Grivet 'MonVsy {Cercopitkeciis griseo-viridis)

from North-east Africa, presented by Mr. H. G. F. Stallard ; a

Campbell's Monkey [Cercopithectis campbelli) from West
Africa, presented by Miss E. B. Hall ; two Palm Squirrels

iSciurus palinarum) from India, presented by Mr. W. B.

Bingham ; two Common Squirrels {Sciunis vulgaris), British,

presented respectively by Dr. J. L. Williams and Mr. G. S.

Johnson ; an Egyptian Jerboa [Dipus aegyptius) from North
Africa, presented by Lady Preston ; an Angola Seed-eater

{Serittus angolensh) from Angola, presented by Miss Long ; a

Vellow-billed Sheathbill {Chionis alba), captured at sea, pre-

sented by Captain Bite ; ten African Walking ¥\s\\ {Perioph-

thaltnus koelreuteri) from West Africa, presented by Dr. H. O.
Forbes ; a Hocheur Monkey {Cercopithecus niciitans), a Mous-
tache Monkey {Cercopithecus cephus), a Malbrouck Monkey
[Cercopithecus cynosurus), an Angolan Vulture (Gypohierax

angolensis) from West Africa, a Chacma Baboon {Cynocephalus

iorcarius, S) from South Africa, a Negro Tamarin [Midas
ursulus) from Guiana, two Wandering Tree Ducks [Dendrocygita

arcuata) from the East Indies, four Anderson's Tree Frogs

[Hyla andersoni), four Changeable Tree Frogs [Hyla versi-

color) from North America, deposited ; an Orinoco Goose
[Chenalopex jubatus), a Blue-fronted Amazon [Chrysotis

aestiva, var.) from South America, a Little Guan [Ortalida

utotmot) from Guiana, a De Filippi's Meadow Starling

[Sturnella defilippi) from Argentina, purchased ; two Collared

Fruit Bats
(
Cynonycteris collaris) from South Africa, received in

exchange ; three White Ibises [Eudocimus albus), six Glossy

Ibises [Plegadis falcineLus), bred in the Gardens.

NO. 1599. VOL. 62]

OUR ASTRONOMICAL COLUMN.
French Observations of the Total Eclipse of the

Sun.—The Comptes rendus of the Paris Academy of Sciences
for June 5 (vol. cxxx. pp. 1495-1529) contains the preliminary

reports of several of the French astronomers who made observa-

tions of the recent total eclipse.

M. le Compte de la Baume-Pluvinel, observing at Elche, near
the east coast of Spain, successfully carried out a very extensive

programme. Nine photographs of the corona were obtained
with objectives of i "50 metres focal length ; on these he says the

coronal structure is almost identical with that he observed in

1889 at Salut. The planet Mercury is shown on all these plates,

and will be useful for their accurate orientation. Three plates

were obtained with a lens of 2 70 metres focal length, in con-
junction with a coelostat. For spectroscopic work three instru-

ments were employed. A single prism spectrograph, with the slit

in the line of the solar equator, showed the continuous spectrum
of the corona extending to 12' from the limb. Thirty-five bright

lines were recorded, more intense on one side than the other.

A second spectrograph had two objective prisms of spar and
quartz ; plates taken with this showed numerous chromospheric
arcs, and a strong one due to the corona, this latter having no
definite outer boundary. One interesting plate taken some
seconds after totality still shows chromospheric arcs, and will

furnish measures of the thickness of the chromospheric
layers from the actual limt) of the sun. An attempt to observe
with a powerful six-prism spectroscope for special examination
of the principal coronal radiation was rendered difficult by the
feeble intensity of the image.
M. Ch. Trepied, director of the Algiers Observatory, also

communicates a number of successful results. In addition to

many accurate visual observations, twenty-eight photographs of
the partial phases were made ; six of the corona during totality,

using an objective of o'i6 metre aperture and i'03 metre focal

length; the coronal extensions are recorded to 3 "5 lunar dia-

meters from the limb. Spectroscopic photographs were obtained
with a Thollon prism spectrograph, an attempt being made
to record the spectrum of the corona at diametrically opposite
regions.

M. G. Meslin and party at Elche obtained eight photographs
of the corona with a Henry lens of i6cm. aperture and i metre
focus, and wide angle photographs of the region round the
eclipsed sun for recording new objects. A photograph of the

spectrum of the corona was obtained with a concave Rowland
grating of 3 metres radius of curvature, used with a heliostat.

The second order was photographed on plates 13 x i8cm., the

spectrum extending from F to M ; the images of the chromo-
spheric radiations being portions of circles i6mm. in diameter.

The Total Eclipse Observed at Sea.—In an interesting

letter written to the Gibraltar Chronicle of May 30, Colonel
E. E. Markwick describes the appearance of the recent total

eclipse as he and other fortunate passengers observed it from the

Orient Steamship Company's R. M.S. Austral. The Company
had considerately arranged that the vessel should be so navi-

gated as to be near the central line of totality at the time of the

eclipse, and, thanks to the skill of those in charge, this was
accomplished with perfect success.

The position of the ship during totality was about Long. W.,
9° 27, Lat. N., 41" 3', this being about 50 miles west of

Oporto; the duration of the eclipse was about im. 31s. The
Orient Company had provided an ample supply of glass plates,

which, when smoked, permitted the passengers to view the

progress of the partial phases, opera glasses being substituted

during totality. During the eclipse the sky near the horizon

was a lurid yellow, the clouds visible being reddish ; the sea

looked dark and sombre against the bright yellow of the sky.

Close to the sun, however, the sky was quite blue ; the dark-

ness during totality was just sufficient to interfere with distinct

vision.

The success of this enterprising project will probably induce
many would-be observers in the future to adopt this exceedingly

convenient and comfortable style of eclipse expedition ; the de-

parture from regular routine, though slight in itself, furnishing

opportunity for really important scientific operations without

disorganising any of the usual arrangements of the observers.

New Variable Siar in Cbpheus.—Prof. W. Ceraski, of

Moscow, announces in the Astronomische Nachrichten (No.

3644) that Mdme. Ceraski has found a new variable on examin-
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ation of plates taken by M. Blajko. The star is not in the

D.M., and has the following position :

—

R.A. oh. 28m.\,o„
Decl. +79° 33' / "'

The brightness varies from between 8-9 to about 1 2 magnitude.

It was increasing in October 1896, and decreasing in October

1897 ; it was almost at minimum during May 1898, April 1899,

and at commencement of May 1900.

Ei'HEMERis OF Eros.—Herr F. Ristenpart communicates a

revised ephemeris of this planet to the Astronoinische Nachrich-

ten (Bd. 152, No. 3643), as follows :

—

Ephemeris for 1 2h. Berlin Mean Titne.

1900. R.A. Decl.
h. m. s. o I II '

June 21 ... o 30 15-44 ... + 9 57 27-1

23 ••• 33 42-19 •• 10 33 336
25 ... 37 8-20 ... II 9 490
27 •• 40 33*44 ••• II 46 I3'3

29 ... 43 57-91 ... 12 22 466
July I ... 47 21-57 ... 12 59 29-0

3 •• 50 44 '44 ••• 13 36 21-0

5 ... o 54 6-51 ... +14 13 22-3

Howe's Photographic Observation of Eros.—Mr.
A. C. D. Crommelin writes to point out an error in our

note on the above, in which it was incorrectly stated that

Prof. Howe's photographic observation of Eros was obtained

during the solar eclipse of May 28. The photograph was
taken before sunrise on the morning of the eclipse, some
hours before totality. The error was introduced by the report

of the observation being included in reports of the eclipse,

and if uncorrected might lead to wrong estimates of the com-
parative brightness of the planet and of the darkness of the

sky during totality.

A MODERN UNIVERSITY.
I.

'T'HE granting of a Charter to the University of Birmingham,
which has just become an accomplished fact, forms a

fitting climax to an educational movement which may turn out

to be one of the most momentous of the century. We have seen
University Colleges called into existence in the great cities of
the land by the perception of leading citizens that culture and
scientific education of a high type must be brought to their doors
and made accessible to all ; and we have seen the chairs of those
colleges occupied by men who have devoted their spare time to

the advancement of learning in various ways. All this has been
of the greatest interest in the past and is full of hope for the

future.

Side by side with these colleges there is now growing up in many
cities a Technical School generally under ISIunicipal Govern-
ment, wherein artisans and hand workers generally may be
trained in their craft, and in the main principles underlying it,

in a more direct and satisfactory manner than by the old system
of apprenticeship.

Such schools can no more turn out a finished artisan than the
colleges can turn out a finished scholar. Much remains to be
learned in later life and in the actual pursuit of trade or profession,

but the early stages are overcome not only more rapidly, but far

more thoroughly, by aid of direct instruction ; and in the more
favourable cases a substratum of scientific knowledge is laid, and
a grasp of principle attained, which must be of the utmost benefit

hereafter, and could never have been obtained on the old plan.

It is this scientific training in principles which is the really

needful thing, when the public is educated enough to perceive
it ; it is this which is of interest to the educationist, and not a
mere instruction in handicraft : it is the making of men, and not
the making of machines, which is of vital importance to the
future of a country.

Without a training in principles a man remains ignorant and
narrow, limited to the performance of the one thing which he
has been trained to do, and incapable of turning his attention
profitably to anything else ; inelastic and incapable of devising
or of assimilating modifications and developments, which, as they
come in, tend to leave him stranded and belated, waiting only
for a period of slacker demand to throw him out of employment.
And even if the artisan and the foreman are well educated, there
remains his employer to be considered. If he is ignorant—too
ignorant to turn his enterprise in the right direction when oppor-
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tunity offers—his workers must suffer, and the whole nation
suffers with them. But though Colleges and Technical Schools
impart education on the one hand and instruction on the other ;

though they enlarge and make more real the education avail-

able to the average citizen, they do not control and modify the

educational ideal of the country. That ideal remains in many
respects still essentially the same as it was at the beginning of

the present century, before all this amazing inrush of new know-
ledge. The new knowledge has not yet been incorporated into

education. The half-hearted effort made by schools to introduce

what they term a " modern, side " only serves to emphasise the

blankness of the prospect. They say, and say truly, no doubt,

that the new studies do not answer. They do not pay either for

Government appointments or for the university. But a new
university, able to set its own standards, select its own faculties^

and set its seal on students of its own subjects, has far larger

possibilities before it. It can control, and not only impart, edu-

tion. It may need an effort to rise to its privileges. The easiest

plan is to follow the lead of others and establish degrees on the

worn old lines, but that is not what we expect and hope from
the new university of the Midlands. We hope to see it break
away from mediieval traditions and realise the need there is for

a new educational ideal.

The aim we have before us is an aim at actualities rather thark

at artificialities ; at real things rather than at conventions.

There is a stage of thoroughness at which a study of the
conventionalities of grammar and orthography is able to convey
real information about men and things—the advanced stage
when it becomes the science of philology—but as usually learnt

by ordinary persons it is little better than a conventional code
and set of rules. If there was little in the world to learn about

—

as in the middle ages there was but little—it might be well to

spend much time in acquiring precisely the gender of nouns and
the terminations of irregular verbs in different foreign tongues ;

not only for practical purposes but for mental training ; but amid
the superfluity of real subjects of the present day, of all of which
the ordinary person is densely ignorant, to immerse him for a
long period in these barren studies is wasteful of his youth.
On the other hand, History is reality ; and some knowledge

of history is necessary for every one. Art, again, and Literature
and Music are, or may be, realities ; and the vast majority who
have no power of creation should at least learn reverently ta
appreciate the great work of the greatest masters in all subjects,

unless they are deaf and dumb and blind. The things really

valuable to the human race should be made in some degree
accessible to all, and this part of the work of education the
Press and the Stage indirectly in some degree accomplish ;

imperfectly, no doubt, but often more really than do the bodies
which make the attempt in a more academic way.
Thus we would discriminate between the conventionalities of

language and the realities of literature, just as we discriminate
between the laws of colour and perspective, the technique of the
painter on the one hand—and the great work of art itself, the
expression of a thought or of an emotion, or of a beauty or of a
fact. To the scholar, as to the painter, the two are inextricably-

interwoven ; technique is the material in which he works ; but
the general human race, who have to do the work of the world,
and who constitute the bulk of the nation, are neither scholarly
nor artistic, and it is both wasteful and cruel to plunge them
into technique, and disgust them with the—to them—dull and
meaningless details, instead of educating them in the finished

work possible only to masters of the craft.

The same sort of things do we say of science and of mathe-
matics. Here, again, there is too great a tendency to educate
youths in subtleties and artifices and minutise, as if they were
going all to be accomplished mathematicians or men of science.

The teacher is himself, perhaps, a mathematician, and so thinks
that what was necessary for him is suitable for everybody.
More usually, of course, the teacher knows very little about it,

and feels only that he was himself taught that way, and that he
must pass it on. Only a few stop to think what they are doing,
and these are the educationists ; what they have to say is

written at large, and there is no need to repeat it. Some of them
are faddists, doubtless ; not all are wise ; but it is well at any
rate to try and think a matter out ; and the speculative teach-
ing even of a faddist is likely to be more stimulating than the
tenth-hand droning of a conventional pedagogue. To indicate

our meaning in terms of mathematics and science, as we have
tried briefly to indicate it in the domain of more humanistic
studies, we would say that a good deal of the teaching of Euclid
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and algebra and trigoncmetry is conventional, and unsuitable

to the average youth. If a youth is going to be a mathematician,

it matters very little how he is taught these things, so long as

they are put in his way. He can hardly have too much of them,

he can look at them every way and they present no difficulty ;

but even the young mathematician might be saved the wearisome

and long continued grind through the conventional books of

Euclid, with the result that at the end he knows about as much
geometry as a month of reasonable teaching would have given

him. It is not mathematics at all that he is studying when he

is doing Euclid in the usual way, it is a piece of old world

literature, very admirable in its proper place, no doubt, and read

through at a fair pace quite interesting. It is at any rate far

more interesting than the military despatches with which so

large another portion of his time is usually, at the same time,

being burdened—a form of literature which is not of the

slightest interest, and leaves no residue of real information in his

mind, except that Ciaul used to be divided into three parts ; that

Cresar's army built an ingenious and highly technical bridge ;

that he had difficult times in conquering a people who are not

our ancestors, but who happened to occupy the same plot of

ground on the earth's surface as we do now.

The conventional part of algebra we refer to may be illus-

trated by Ci.C. M. and other rules which in actual work are

never needed or employed even by mathematicians. Factors

and Equations and Progressions are well enough,—all those

parts that are really used or likely to be used hereafter, and all

those parts which give a firmer grasp of principles.

Thus in arithmetic, familiarity with such a subject as scales of

notation—with the principles, that is, of Arabian numeration

—

will be really educative and far more helpful than excessive

repetition of a rule called " practice," and much dealing with

commercial articles. A variety of problems from mensuration,

mechanics and heat might be introduced into arithmetic, and
the subject made more living than it is apt to be. Mensuration
and practical trigonometry may be made truly educative subjects,

and a quantity of arithmetical exercises may be founded upon
things actually done in the workshop, the laboratory and the

field, in the working out of which boys might readily be got to

take a real interest.

But all these are school subjects. What have they to do
with a university ? They have a great deal to do with it in

reality, for it is one of the functions and the privileges of a

i university indirectly to control, or rather influence, the schools.

The influence is quite natural and unavoidable anyhow, but

on the side of exhibitions and scholarships it becomes obvious
and direct.

The schools must train largely for the universities, and the

universities must train largely for life.

Now it is just in this training for life that the universities

have proved deficient. The only life they have contemplated
has been that of the politician and the lawyer on the one hand,
and the scholar and recluse on the other. The kind of train-

ing needed or supposed to be needed by the past generation
of statesmen has been supplied— with results not wholly and
completely satisfactory ; the kind of training needed for the

highly speciali.sed scholar has likewise and will always be
supplied. The ancient universities are the natural homes of

this kind of learning, and no modern institutions can hope or

should attempt to compete with them. The aroma of centuries

is a unique growth, and should be carefully fostered and
reverenced by a busy and pushing generation.

It would be a calamity if anything were done to destroy the

peace and old world quiet of mediceval institutions, founded
"n monastic traditions and full of attraction for the few who

J called to be learned. That Oxford should specialise in

chseology and ancient philosophy is most appropriate ; that it

.should regard with jealous eyes the learning of the present
century, and hesitate about letting its old bottles be endangered
by the inclusion of new wine, is natural and may be wise.

We would urge its custodians jealously to preserve the old

learning, and leave experiments in new developments to younger
and less fragile growths. We would treat the old universities

like old buildings, relics of the past, to be most carefully

preserved, and supplying something in the life of the nation
which no amount of energy or reforming spirit is competent
to supply.

If this old world atmosphere disappears it is an irreparable loss.

Let its custodians be jealous and conservative ; if they see no

way of engrafting the new learning on the old stock, without

ruining it, then it were far better that the new learning should be
planted in fresh soil.

Such soil is furnished by natural circumstance at the inter-

section of great trade routes, at the market places of the

world. Here the average man is at his strongest and busiest,

here he is most actively in touch with life on this planet, and
is serving his day and generation with an energy which is

unmistakable. The motives, doubtless, are mixed, and the

results are mixed, there is little Utopian about them ; yet

there is real self-sacrifice for a far-off good instinctively felt.

Ugly surroundings are put up with, as a concomitant appar-

ently necessary, and as at any rate temporarily unavoidable

;

and life is lived hard for an end not often clearly grasped, yet

powerfully felt to the uttermost parts of the Empire. It is

on such strenuous home industry, of director, of manager, of

foreman, of artisan and of salesmen that our empire is estab-

lished ; and if there is one thing that we are more powerfully

realising at present than another it is that our empire must
be consolidated, that fresh guiding force must be available,

not mere energy—of that there is plenty— but more directing

force, more intelligent guidance, more discrimination, more
breadth of view— in a word, more real edu:ation.

The present war will wake the people of these islands out of

their comfortable lethargy. They will see that to hold our
position in the modern world we require improved training, not
only in rifle shooting and artillery practice, but in every depart-

ment of activity. Other nations are leaping to the front and
spending public money lavishly to get their people better

educated, better fitted for seizing new ideas and applying them ;-

it will never do for us to lag behind.

A few scholars, a few men of science, a few men of genius in

various branches, these will not save a nation. They extend its

fame, they adorn it, they stimulate it, and they reward it ; but

the backbone of a nation is the average man, the average man
of affairs, the man who does the business of the world. If he
breaks down or is crippled, the ornamental head cannot be sup-

ported. He may be a professional man or a merchant, or he
may be a manufacturer or a tradesmxn, but whatever he is, he
must not rest on his oars and be content with the tradition of

the past. We are entering a new century, many traditions of the

past are out of date, and the vital thing for the nation to realise,

if it is to maintain its hard won supremacy, is that antique

methods of education will no longer serve. They have had
their day ; they need not yet cease to be, but they must be sup-

plemented by others. The modern university must take care of

the average man. Plenty of long-established universities will

look after the high honours men, and in every department
highly specialised training is already available ; our artisans are

as skilled, each in his narrow groove, as it is possible for man
to be—marvels of mechanical skill they are ; but where is the

breadth of view, the elasticity, the power to modify, to invent,,

to reform, to seize new conditions, to adapt one's self to the

growing and changing needs of the world? A foreign order

comes to an engineering works of the present day with its sizes

expressed in decimals. Before the order can be given out it has-

to be interpreted into the clumsy sixteenths and thirty-seconds

and sixty-fourths of an inch, which alone the workman under-

stands.

Nor is this portentous ignorance limited to workmen.
Directly the domain of science is touched, your ordinary school-

trained average man is stranded—he is ignorant even of the

scientific alphabet—scientific principles are a sealed book to

him : the divorce between science and practice, except in the

case of a few leading firms who have already wakened up like

their continental confreres, appears to be complete.

The modern university must aim for a long time not at depth
so much as at breadth. Depth for the few, breadth for the many.
It must seek to turn out all-round men, and not specialists

only.

Its graduates should not one of them be illiterate, not one of

them ignorant of the fundamental principles of science. Trained
scientific men they cannot be, in .-.ny numbers^the idea would
be absurd— but they should have sufficient education to under-

stand a scientific question and know where to go for the answer.

They should have lived for a time—even a short time—in the

atmosphere of science, and thereafter it will never be quite

strange to them.
The scientific training need not be given solely in an academic

manner, aloof from all questions of practical interest.
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Some people are best traiaed in this manner, but other
persons with a vivid practical interest or experience in applic-

ation to life and work are bast trained in close touch with prac-
tical conditions. Medical training is the best example ; that is

thoroughly done. We would have other training arranged on
the same practical lines. The modern university will seek, so
far as it can, to allow for differences of aptitude, or, it may
be, differences of preliminary training. It will not seek to

force every undergraduate at first through an arts course,

and then through a science course, and then through a
technical course. It may be well to do this with professional

men, but not with all. Every graduate should pass through
these three stages before he can be turned out a useful and
educated citizen, fit intellectually to take his share in the work
of the world ; but he need not in every case of necessity take
them in this logical order.

To force a boy through a course of language or history or

literature, at a period when for some reason he is not attracted

by it, is doing him but little good. It may, indeed, do him
harm, by breeding disgust for subjects which at a later stage he
might realise were necessary, and, when properly taught, en-

thralhng. It is love of culture, and not hatred of it, that should
be implanted. The so-called " preliminary in arts " course should
be taken compulsorily at some stage of a graduate's complete
career, but not necessarily at the beginning. A student who
has been immersed for a term in purely technical studies will, if

he is good for anything, turn to such humin subjects with relief;

and it is not fair to turn him out in the world without some
worthy human interest and solace. The university has failed

in one of its functions if it permits him to depart trained in

nothing but unhuman technology.
But then, on the other hand, the arts man, the lawyer, the

merchant, the man of business, and still more the teacher—how
much better would they not be for a tinge of scientific training.

Their ignorance does not come home to all of them, but to

many it does ; and probably in middle life they strive, by attend-
ing popular lectures and miscellaneous semi-scientific entertain-

ments, to obtain a growth by a top-dressing of superficial in-

formation never really assimilated,seldom adequately understood.
A manuring of science placed low down when young would have
rendered the surface soil fertile, and this later growth easy, just

as the youthful smattering of letters renders moderately easy
and interesting the subsequent reading of history, or, in some
cases, even the learning of a new language ; but to the wholly
untrained person these things are, and remain, hopelessly difficult.

A broad training all round can only result in what specialists

would call a smattering—what we should prefer to call a leaven
;

but so long as it is not confined to a learning of trivial details,

but represents a grasp of some of the fundamental principles

of a subject, it is all that most men ever have, or can have, in

any branch but their own, however highly educated they may
be. It takes a very exceptional man to be really learned, or to

be able to say anything really worth hearing, off his own subject.

There are men who make a large portion of knowledge their

province, but the majority of men cannot and should not aim at

this. They should know one thing well, and in all else they
should not be entirely ignorant.

This absence of entire ignorance is a far more valuable com-
modity than is usually supposed. It enables the man of affairs

to consult specialists with advantage. Special knowledge is

always available, if one knows how and where to look for it

;

but the man of complete ignorance is at the mercy of every
charlatan ; he puts his money into the wildest scheme, on the
one hand, and on the other he fails to realise possibilities of
sound application lying all about him. His enterprise and
power may be great, but the blight of ignorance makes him
useless ; and it is just this blight which is endangering our
continued industrial and commercial supremacy among the
nations of the world.
We look to the new type of university now about to be

created to remedy this state of things. If Birmingham suc-

ceeds in its high emprise, other great cities will follow suit.

The experiment is one that is of interest to the whole British
Empire, indeed to the whole Anglo-Saxon race.

In another article we may perhaps enter more into detail

concerning some of the features of the scheme ; but it is at

present in such extreme infancy that its features are barely
recognisable. It does not follow that what is immediately to the
front is in reality the most important or the most characteristic.

{To be continued.)
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THE STEADYING OF SHIPS}
T^HE evolution of the modern flat-bottomed merchant vessel,
-*• with its midship section of approximately rectangular form,
from its old pointed-bottomed prototype, with deep central keel,
has been a necessary result of commercial competition. The
naval architect is called on to increase the carrying capacity of
his vessels to the utmost extent, and a limitation is imposed on
their draught of water by the limited depth of harbours, docks,
rivers and, last but not least, ship canals. The old central keel
has had to disappear in order that the extra foot or two of
displacement might be utilised for the carriage of cargo, and a
substitute has had to be found for it by the attachment oj " bilge-
keels" or side keels projecting from the ship at the only places
where they could be placed without taking up valuable space-
namely, at the two rounded off corners of the rectangular section.

The efficiency of bilge-keels in modifying the rolling oscilla-

tion of ships seems to have been for some time a debated point
among naval architects, and the experimental fact that the
extinction of oscillation produced by these keels may in some
instances be many times—possibly as much as ten limes—that
which would be inferred from determinations of the resistance
of a paddle oscillating in water certainly appears at a first

glance paradoxical. On reading Mr. Luke's paper in the Trans-
actions of the Scotch Shipbuilders, and subsequently Sir

William White's account of his experiments on the Revenge, it

occurred to me that the properties of discontinuous fluid motion,
so long a favourite study among mathematicians, might be put
to a useful purpose in explaining the high resistances to rolling

observed with the use of bilge-keels. So far from these resist-

ances being in contradiction with the principles of hydro-
dynamics, they appeared to be to a large extent in conformity
with our theory of free stream-lines, and this view has been
borne out by subsequent calculations, certainty to a far greater

degree than I at first anticipated.

According to hydrodynamical theory, if a solid body is set

moving through or rotating in an unlimited mass of perfect fluid

previously at rest, the motion will continue indefinitely, pro-

vided that the body has no sharp edges or corners projecting

into the fluid, and that the velocity does not exceed certain

limits. The motion involves no continuous expenditure of

energy, and if the solid is brought to rest, the fluid will come to

rest, and the energy which was expended in starting the motion
will be recovered. If, however, the body has any sharp project-

ing edges, the fluid is unable to flow continuously round these,

and discontinuous motion is set up, a mass of dead water being

dragged along behind the projecting edges, and this dead water

being separated from the moving fluid by a " surface of dis-

continuity" in crossing which the velocity changes abruptly. In

this case the fluid motion is not destroyed when the solid is

brought to rest, and energy is absorbed by the fluid. The
theory of discontinuous motion is the basis of the well-known
calculations of the resistance experienced by a plane lamina

moving through a liquid, originally due to Kirchhoff, and subse-

quently developed by Lord Rayleigh, Love, Michell and others.

The case of a ship floating in water rocking from side to side

differs from these ideal cases in the properties (i) that waves
are produced on the surface, (2) that water is not a perfect

fluid ; so that energy is being continuously absorbed by wave-
formation, and by the viscosity of the water. If the ship has

no sharp keels projecting into the water, these are the only

causes which retard the rolling of the ship, but as soon as

keels are attached discontinuous motions are set up, which
involve a further absorption of the energy of rolling, and the

oscillations subside much more rapidly. If we imagine the

ideal case of a ship floating in a perfect liquid, the surface of

which is coated with a perfectly rigid sheet of ice entirely

preventing any waves from forming, but just allowing

free play for the ship to roll, the oscillation would continue

indefinitely, provided the ship had no sharp projecting keels.

If, however, bilge-keels were attached, the oscillations would

gradually die down, the energy of rolling being absorbed by

the production of discontinuous motions, and being transformed

into kinetic energy of the liquid.

The object of this investigation is to show that the efficiency

of bilge-keels in modifying the rolling of ships may be greatly

increased by the action of the sides of the ship itself, and is so

increased in a ship of section approaching to a rectangular form,

provided that the bilge-keels are attached at the protruding

1 Abstract of a paper read before the Institution of Naval Architects.
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corners of the section. This increased efficiency is due to two
causes :

—

( 1

)

The rocking of the ship produces currents in the water,
which flow round the corners in the opposite direction to that

in which the ship is rolling, thereby increasing the pressure on
the bilge-keels.

(2) The discontinuous motion past the bilge-keels alters the

listribution of pressure against the sides of the ship, and the

differences of pressure thus produced have a moment always
tending to retard the rolling motion.

1 he effect of stream-line motions.—Consider a cylinder

of section, such as represented in Fig. i, rotating in fluid about

an axis through its centre O. It is known that the fluid dis-

placed by the motion of the cylinder will flow past its protrud-

ing corners B, D in the opposite directions to that in which the

cylinder is moving ; while at the points A, c, E the fluid will be
moving in the same direction as the cylinder. Hence if a small
lamina representing a bilge-keel be placed at B or D, it will

encounter a current of liquid flowing in the opposite direction

to that in which it is moving, and the pressure on the lamina
will be correspondingly increased.

I made several calculations to form some estimate of the

increases produced by these counter-currents on the resistance

experienced by a suitably placed bilge-keel, assuming the

resistance to vary as the square of the relative velocity.

Taking certain sections more or less approximating to the form
of a square with rounded corners, in a section where the great-

est radius o B exceeded the least radius o a by 13 per cent., the

resistance was increased, owing to this cause, by about 36 per
cent. ; while in the section actually represented in Fig. I, OB
exceeded o A by 21 per cent., and the resistance on a lamina at B
came out 67 per cent, greater than it would be if the lamina had
only to encounter the relative velocity of the fluid due to its

own motion.
In these cases the fluid was supposed to be indefinitely ex-

tended. To estimate the influence of surface-conditions 7t//Mo«/

taking account of waves, I next considered the case of a cylinder
partially immersed in a liquid bounded by a rigid horizontal plane,
the cylinder itself rocking about an axis in the plane of the
surface. The form chosen for the section of the submerged
portion was roughly suggested by a diagram of the ship
Revenge, and the counter-currents past the protruding corners
were found to be sufficient to more than double the resistance
on a suitably placed bilge-keel.

The ej^ect ofpressure-variations against the sides of the ship.—
The resistance on a lamina moving in fluid is due to the pressure
being greater on the front than on the back of the lamina, this

difference of pressure being the result of the discontinuous char-
acter of the fluid motion. When the lamina is attached to a
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ship as a bilge-keel, this difference of pressure also extends
along the sides of the ship, the ])ressure in front of the bilge-keel

being greater than behind it. Whether the pressure in front is

increased or the pressure behind is decreased, or both of these

effects take place simultaneously, is unimportant, for we may
on each of these hypotheses represent the effect by an excess of
pressure on the portions in front of the bilge-keels as compared
with the portions behind.

Now let Fig. 2 represent a diagrammatic section of a ship
approaching to a rectangular section, with bilge-keels at its pro-

truding corners, B, d. Then if the ship be rolling about its centre
of gravity, O, in the direction of the circular arrow, the greater

pressures in front of the bilge-keels will be distributed over the
segments A B and c D, and, as indicated by the arrows P and Q,
their moments about o will be in the direction opposed to rota-

tion. When the ship rolls in the opposite direction, the greater

pressures will be onthe segments B c and d e, and their moments
will again tend to retard the rolling. In this way the pressures

on the sides of the ship will materially assist the bilge-keels in

steadying the ship.

To test the extent to which the pressure on the sides of the
ship is likely to be modified by the presence of the bilge-keel, I

examined the case of a fluid flowing along a plane, A B, with an
edge, B c, projecting at right angles to it (Fig. 3). If from B there
be measured off on b a a length = -927 B c approximately, the
thrust on this portion of B A is equal to the thrust on B c, and the
average pressure on this portion is therefore a little greater than
the average pressure on B c. If, again, we measure oft" on B A a
length = 2*042 BC, the thrust on this portion is equal to twice
that on B c. Speaking in general terms, we may say that the

V.

Fig. 3.

pressure is greater along b a than along B c, and that it

does not fall off rapidly along the arm v, A. If the arm B a,

instead of being straight, bends away from B C like the curved
side of a ship, we should expect the pressure on it to be even
greater than in the case considered. These considerations led

me to consider the results of supposing the bilge-keels to

produce on the segments in front of them (a b and c d of^

Fig. 2) uniform increases of pressure equal in intensity to

the average pressures on the keels themselves. Applying
this hypothesis to a ship, the details of which were
kindly furnished me by Dr. Elgar, I found that the

total retarding moment came out to be about 3*9 times the

retarding moment on the bilge-keels alone. This result, taken

in conjunction with the previous result that the currents past

the sides of the ship may double the pressure on the bilge-keel,

shows that there is nothing paradoxical in the supposition that

bilge-keels may have eight times the efficiency in extinguishing

oscillations that would be inferred from experiments made with

a simple paddle moving freely in fluid.

We learn from Sir William White that in the case of the

Sultan the agreement between Mr. Froude's estimate of the

resistance to rolling, based on the coefficient of resistance of a

lamina, and the experimental facts was very close indeed. But
the midship section of the Sultan was very much more nearly

circular than that of the other ships experimented on. For a

circular section there would be no counter-currents producing

increased resistance, nor would the changes of pressure against

the sides of the ship possess any retarding moment.
There are many further points connected with the investigation

which want of space prevents us from discussing here. One
such point is the fact that the rolling motion is not steady, but
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oscillatory, and, therefore, account must be taken of the pressures

involved in producing changes of motion, in consequence of

which the pressures differ from those which would exist at any

instant if the motion were steady. These pressures, which I

have called the " d<^ldt pressures," after the term which pro-

duces them in the hydrodynamical equation, are completely

modified in their action when continuous motion is replaced by

discontinuous motion, but their efifect can only be discussed

from general principles. Other points are the effect of the

ship's forward motion in increasing the steadying action, and the

influence of bilge-keels in modifying pitching and in improving

the steering of ships ; the two last effects are further simple

consequences of the properties of discontinuous motion.

We have seen that the action of bilge-keels in steadying a ship

is largely modified by the actions of the sides of the ship, and is

much augmented when the keels are placed in a suitable position ;

and it is interesting to notice how the exigencies of trade, while

they have necessitated the removal of keels from the middle

line of the ship to the sides, have brought about such a change in

the form of the section as to render the new position by far the

most effective. In the old pointed-bottomed ship, the central

keel was the best, as it not only intercepted the currents flowing

round the bottom in each swing from side to side, but also

produced a difference of pressure on the two sides whose moment
was always opposed to rolling. In the modern flat-bottomed

ship of rectangular section a central keel would be unfavourably

placed for this purpose, as not only would the water tend

to flow in the same direction as that in which the ship is rolling,

producing a diminished pressure on the keel, but the differences

of pressure on the sides of the ships would have a moment
tending to diminish the resistance to rolling. The favourable

position now commonly assigned to the bilge-keel is calculated

to render its addition to ships of the greatest value in increasing

their steadiness. G. II. Bryan.

THE ''ORTHOSTIGMAT" LENS.

A SPECIMEN of the new series of lenses issued under
"^^ the joint auspices of Messrs. Beck and Steinheil, has

been tested and examined by us. The lens is of the rectilinear

symmetrical type with two equal combinations, each consist-

ing of three elements. It is by special construction of the

surfaces of these components that the remarkable qualities

claimed for, and undoubtedly possessed by, the new lens are

attained. The great drawback to the best of the old type lenses

was the curvature of field, and it is only in recent years that

the discovery of the new varieties of glass has made it possible

to correct this, and at the same time perfect the corrections for

spherical aberration and astigmatism. The result of the pro-

cess is that each component of the lens is made up of a positive

meniscus, with a double convex lens cemented on one side of

it and a double concave one on the other. The centre positive

lens will consequently have a lower power than the two outer

ones.

When it is understood that each of the twelve surfaces in-

volved in the complete lens is worked with such accuracy that

an error of i/40,oooth of an inch is inadmissible, the increased

price, compared with the old types of lenses, is amply accounted
for in the superior product obtained.

We have tested the lens, which is of about 4f inches solar

focus, and are quite satisfied that ic fulfils to a high degree of

perfection the claims made for it by the makers. Although
the lens is listed for \ plate, the circle of good definition

is much larger, and with a stop of //16 excellent definition

was obtained over the whole of a | plate. The lens at its

greatest rapidity works at //6'3, and at this aperture the

definition appears very perfect over an area 4^ inches

square. The makers call attention to the special attempts
they have made to eliminate astigmatism, and it is not until an
oblique pencil falls considerably beyond the listed angle that

any distortion shows itself. To make this clearer, let the

image of the sun, moon, a star, or any distant object, be
focussed at the centre of the plate, and then the camera so

tilted that the image falls gradually away to the extreme corner.

The slightest distortion can be at once recognised in this

manner. With the lens in question no distortion was evident
until the image was received at an angle of about 30 degrees
from the axis, and for another 10 degrees further the resulting

astigmatism, although present, was much less than is present
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closer to the axis in a rectilinear of the ordinary type. So that

for an angle of n iew of over 60° the new lens is practically non-
astigmatic at the large aperture //6'3. This will recommend
it especially for all process and copying work, where critical

definition and speed are primary necessities. A word should

be said concerning the focussing with these new lenses. This
adjustment must be critical, as an almost imperceptible dis-

placement of the plate will suffice to throw it out of the focal

plane sufficiently to destroy the definition, and so create false

impressions of the capabilities of the optical system. For all

such work, therefore, only perfectly rigid apparatus is per-

missible.

Another important qualification of the lens is its comparative

freedom from chromatic aberration, in virtue of which it will

be useful for work connected with colour photography, obviat-

ing the laborious and uncertain corrections which are necessary

in such work with the ordinary lenses, whose chromatic aber-

rations are only suppressed for the blue and yellow. Critical

tests of this correction have not been possible, but sufficient

have been made to show that the outstanding error is small.

On account of their covering power, the smaller sizes will be

found excellent for low-power microphotography. The new
lenses are obtainable with foci varying from 34 in. to 23^ in.,

covering plates from 3^ in, square to 28 x 24 inches.

UNIVERSITY AND EDUCATIONAL
LNTELUGENCE.

Oxford.—The Romanes Lecture will be delivered by Dr.

James A. H. Murray on Friday, June 22, upon " The Evolution

of English Lexicography."

Sir William Thiselton-Dyer, F.R.S., has been made a per-

manent elector to the Sherardian Professorship of Botany, in

succession to the late Prof. Bartholomew Price.

The Statute instituting Diplomas in Geography has been

approved by Convocation, and is to remain in force until

October, 1904.

The extensive bequest to the University under Mr. Fortnum's

will has made an enlargement of the Ashmolean Museum
necessary. The cost is estimated at 1500/., and towards this

sum Brasenose College has offered a contrii)Uiion of 500/.

At Merton College there will be an election to a fellowship

on October 6, after an examination in Animal Physiology and
Animal Morphology. Candidates are requested to inform the

Warden by September 10 of their choice between these two

subjects, and to submit, if they wish, original papers or memoirs.

At a meeting of the Oxford University Junior Scientific Club,

held on Wednesday, June 6, Sir John Burdon Sanderson,

F.R.S., gave an account of the method he has been lately em-
ploying for producing tetanus in muscle, by means of telephone

currents produced by musical sounds, showing how the results

bear on the vexed question of the inherent rhythmicality of

muscle and nerve-cell. The lecture was illustrated by experi-

ments.
At a meeting of the above club held on Friday, June 15, Mr.

T. C. Porter, of Eton College, described the growth of the

shadow of the Peak of Tenerifi'e, as witnessed from the summit

of the mountain at sunrise and sunset, and its gradual eclipse by

the shadow of the earth. He showed photographs taken at the

time, and explained how by means of an ordinary watch and

pair of opera glasses a rough value of the diameter of the earth

might be deduced.

Mr. A. F. Walden, New College, made a preliminary com-

munication to the club on the theory of labile hydrogen atoms.

Cambridge.—The researches of Mr. J. C. McLennan on

electrical conductivity in gases traversed by kathode rays, and

of Mr. R. L. Wills, of St. John's College, on the magnetic

properties of iron as influenced by temperature and the

presence of other elements, have been approved by the Degree

Committee as qualifying for the B.A. degree.

In the Natural Sciences Tripos, which is now the largest o.

the Honour Examinations, forty men and three women are

placed in the first class of Part I. In Part II. fourteen men and

no women obtain first-class honours.

At St. John's College the following awards in natural science

were made on June' 18. Foundation Scholars continued or

elected : Lewton-Brain, May, Adams, Ticehurst, Fletcher,

Browning, Wakely, Gregory, Williams, Harding, Ilepworth,
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Pascoe, King, Macalister, Mitchell. Exhibitioners : Crocker,

Denham, Simpson, Balls. Hockin Prizeman (lor electricity) :

Browning. Engineering Scholar : Paton.

The attention of teachers and others engaged in schools is

directed to the appeal made by Prof. Karl Pearson in our corre-

spondence columns. Observations of the physical and mental

characters of children are required, and measurements of the

head, in order to provide material for an investigation of heredity

upon which Prof. Pearson is engaged. There should be no difti-

culty in obtaining the co-operation of masters and mistresses in

schools in this work, for the observations and measurements can

be made with very little trouble, and they are of as much interest

from an educational point of view as they are to biological science.

SCIENTIFIC SERIAL.
Bulletin of the American Mathematical Society, May.

—

The number opens with four papers read before the Society at

the dates annexed : On the geometry of the circle, by Dr. V.

Snyder (December 28, 1899) ; isomorphism between certain

systems of single linear groups, by Prof. L. E. Dickson
^ February 24) ; the Hessian of the cubic surface ii. , by Dr.
' I. Hutchinson (February 24); and note on the group of

morphisms, by Dr. G. A. Miller (February 24). These

i^.ipers are short and, in the main, continuations of work pre-

viously published by the authors.—Prof. F. S. Woods con-

tributes an interesting sketch of a German translation, by F.

Engel, of two articles by Lobachevsky, with the titles " Ueber
die Anfangsgrtinde der Geometrie" and " Neue Anfangsgriinde

der Geometrie mit einer Vollstiindigen theorie der Parallel-

linien." The reviewer's conclusion is that, "while it is re-

markable that the solution of a two-thousand-year-old problem

should be given almost simultaneously by three men, it should be

.emembered that these three were not the only mathematicians

who had worked upon the problem. More than one had missed

the solution by a hair's breadth only ; Lobachevsky, Bolyai

and Gauss succeeded in finding it
"—Other notices are Vogt's

"Algebraic solutions of equations," by J. Pierpont ; the elements

of the diflferential and integral calculus, based on the work by

Xernst and Schonflies (translated by W. A. Young and C. E.

Linebarger), by L. E. Dickson ; and E. Pascal's "Die Variations-

rechnung," by J. K. Whittemore.— University and general

mathematical information come into the "Notes" and "New
Publications."

SOCIETIES AND ACADEMIES.
London.

Royal Society, April 5.
—" The Kinetic Theory of Planetary

Atmospheres." By Prof. G. H. Bryan, F.R.S.
The application of the kinetic theory to the atmospheres of

planets dates from the paper of Waterston, who gave an in-

vestigation based on the then only possible assumption of equal

velocities for all molecules, an assumption since known as

Clausius' law. Of later papers reference is due in especial to

Dr. Johnstone Stoney's memoir "Of Atmospheres on Planets

and Satellites" (Trans. R Dublin Soc), in which the test of

permanence of a gas in the atmosphere of a planet is made to

depend on the ratio of its velocity of mean square to that rela-

tive velocity which would enable a suitably projected body to

escape from the planet's attraction. If it be admitted, as Dr.

'-^toney assumes, that helium cannot exist in our atmosphere, it

Hows that vapour of water cannot exist on Mars.

The author's object has been to investigate the logical con-

clusions obtained by applying the Boltzmann-Maxwell distribu-

tion to the atmospheres of planets. In 1893 calculations were
made, having special reference to the absence of atmosphere
from the moon, but these took no account of axial rotation.

When this cause is taken into account, the distribution of co-

ordinates and relative velocities of the molecules is found to be
the same as if the planet were at rest, and "centrifugal force"

applied to the system. The surfaces of equal density are of the

forms originally investigated by Edward Roche, of Montpellier,

and they cease to be closed surfaces when passing to the outside

of the point on the equatorial plane where centrifugal force just

balances the planet's attraction. Calling the surface through this

point the "critical surface," the density of molecular distribu-

tion over this surface must be very small to ensure permanence.
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The ratio of the density at the planet's surface to the density at

the critical surface has been called the "critical density ratio,"

and the author calculates its logarithm for particular gases at

different temperatures on the various planets. The use of this

logarithm has the advantage that the calculation can at once be

extended to any gas at any temperature.

The high value obtained in the case of helium, considered

in reference to the earth, appears to afford abundant proof that

if helium existed in our atmosphere it would possess a very

high degree of permanence at ordinary temperatures. To test

this point further, a calculation is made of the total rate at

which molecules would flow across the critical surface, this rate

being regarded as a superior limit to the rate at which the

planet would lose its atmosphere, since it takes no account of

molecules which describe free paths beyond the limit and fall

back again. To further exhibit the results in a tangible form,

the rate of flow is estimated by the number of years in which-

the total amount of gas escaping across the critical surface

would be equal to the amount of the gas in a layer covering

the surface of the planet to the depth of I cm. This measure

is independent of the actual quantity of the gas under consider-

ation existing in the atmosphere, since, if this quantity be in-

creased, the rate of flow across the critical surface and the

amount of gas present in the surface layer l cm. thick will be

increased in the same proportion.

If a gas of molecular weight 2, such as helium, be supposed

to exist in the earth's atmosphere, the loss in question would

occupy 3-5 X lo^** years at - 73°C., 3 x lo^^ years at 27°,

84 X iqI** years at 127° C., 6 x 10'^ years at 227" C, and 222

years at 327° C.

If we halve the absolute temperatures, we have the conditions

applicable to hydrogen, the losses in question therefore taking

place in 8-4 x lo^" years at - 73° C, 6 x io» years at -23°C.„
and 222 years at 27° C.

For water vapour on Mars, the corresponding results are

1-2 x io-'=* years at - 73°, 19 x iqI" years at 27°, 2-4 x 10"

years at 127", 4-3 x 10'* years at 227°, and 106 years at 327°.

These figures indicate that helium cannot practically escape

from our atmosphere at existing temperatures, nor can vapour

of water escape from the atmosphere of Mars. A leakage

may, and undoubtedly does, take place, which may appear con-

siderable when estimated by the number of actual molecules

escaping, but it is wholly inappreciable relative to the mass of

gas left behind.

At a future time it is proposed to examine the corresponding;

results, based on the hypothesis that the atmosphere of a plane*

is distributed according to the adiabatic instead of the isothermak

law.

" On the Weight of Hydrogen desiccated by Liquid Air."

By Lord liayleigh, F.R.S.
In recent experiments by myself and by others upon the

density of hydrogen, the gas has always been dried by means of

phosphoric anhydride ; and a doubt may remain whether, on

one hand, the removal of aqueous vapour is sufiiciently com-

plete, and on the other, whether some new impurity may not

be introduced. I thought that it would be interesting to weigh
hydrogen dried in an entirely different manner, and this I have

recently been able to effect with the aid of liquid air, acting as

a cooling agent, supplied by the kindness of Prof. Dewar from

the Royal Institution. The operations of filling and weighing

were carried out in the country as hitherto. I ought, perhaps,

to explain that the object was not so much to make a new deter-

mination of the highest possible accuracy, as to test whether

any serious error could be involved in the use of phosphoric

anhydride, such as might explain the departure of the ratio of

densities of oxygen and hydrogen from that of 16 : i. I may
say at once that the result was negative.

Each supply consisted of about six litres of the liquid, con-

tained in two large vacuum-jacketed vessels of Prof. Dewar's

design, and it sufficed for two fillings with hydrogen at aa
interval of two days. The intermediate day was devoted to a

weighing of the globe empty. There were four fillings in all, but

one proved to be abortive owing to a discrepancy in the weights

when the globe was empty, before and after the filling. The
gas was exposed to the action of the liquid air during its passage

in a slow stream of about half a litre per hour through a tube of

thin glass.

I have said that the result was negative. In point of fact the

actual weights found were iV to /^ milligrams heavier than in

the case of hydrogen dried by phosphoric anhydride. But I
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doubt whether the small excess is of any significance. It seems

improbable that it could have been due to residual vapour, and

it is perhaps not outside the error of experiment, considering

that the apparatus was not in the best condition.

May 31.— "Palaeolithic Man in Africa," By Sir John Evans,

K.C.B., F.R.S.

In April 1896, just four years ago, I ventured to call

the attention of the Society {Roy. Soc. Proc, vol. Ix.

p. 19) to some paleolithic implements found in Somali-

land by Mr. H. W. Seton-Karr. In doing so, I pointed

out the absolute identity in form of these implements with

those from the valley of the Somme and numerous other

pleistocene deposits in North-western Europe and elsewhere ;

and I cited others from the high land adjoining the, valley of

the Nile, and from other places in Northern and Southern

Africa. I was at the same time careful to point out that though

there could be no doubt as to this identity in form, no fossil

mammalian or other remains had been found with these African

implements. I did not, however, hesitate in claiming them as

palzeolithic.

Since the publication of my short note, an extensive collection

of stone implements formed in Egypt by Mr. H. W. Seton-Karr

has been acquired by the Mayer Museum at Liverpool. I have

not had an opportunity of examining the specimens, but a

detailed account ^ of them, with numerous illustrations, has

been published by the Director of the Liverpool Museums, Dr.

H. O. Forbes. The majority of the implements are of Neo-
lithic Age or even of more recent date, and with the account of

these I need not here concern myself ; but the author is at con-

siderable pains to dispute my view that the instruments of

palpeolithic forms belong to the Palaeolithic Period. As he says,

Mr. Seton-Karr's statement that he sometimes found spear-

heads "on the ground surrounded by a mass of flakes and chips

as though the people had dropped their work and fled," is very

suggestive and important. He adds, however, that "one such

occurrence is almost sufficient in itself, I venture to think, to

disprove the high antiquity claimed by Sir John Evans for these

implements."
Were it certain that the so-called spear-heads were really of

paleolithic form, and had the flakes and chips been fitted on to

them so as to reconstitute the original blocks of flint, as has
been done in the case of undoubted palaeolithic specimens by
Mr. Spurrell and Mr. Worthington Smith, the question would
still remain to be discussed as to the condition of the localities

in relation to subaerial denudation.

It is, however, hardly necessary to discuss these points, as

some recent discoveries made in Algeria will, I venture to think,

go a long way towards settling the question. I propose, there-

fore, very briefly to state their nature. About sixty miles to

the south-west of the town of Oran, and about ten miles to the

north of Tlemcen, on the plateau of Remchi, about a mile to

the south of the River Isser, lies a small lake known as Lac
Karar. It occupies a depression in lacustrine limestone of com-
paratively recent geological date, superimposed on beds of

Lower Miocene Age. The level of the water, which is some
15° C. warmer than that of the ordinary springs of the district,

and appears to be derived from some deep-seated source, seems
to be about 600 feet higher than that of the River Isser. The
lake originally filled a much larger part of the depression than
it does now, and from its old bed a considerable amount of

material has of late years been extracted for the Service des
Fonts et Chaussees. This material consists of sand and gravel

rich in iron pyrites, in the midst of which lie, pell-mell, bones
of animals and stone implements fashioned by the hand of

man.
These have for some years been diligently collected by M.

Louis Gentil, a geologist, and form the subject of a memoir
that has just appeared in I'Anthropologic (Tome xi. ), by my
friend M. Marcellin Boule, of the Galerie de Paleontologie at

the Jardin des Plantes, Paris. Some 200 specimens of imple-
ments have been submitted to him, of various sizes, and all or

nearly all of well-known palaeolithic forms, including several

with a broad chisel-like end, of which examples have been found
in the laterite of Madras and the gravels of Madrid. They are

for the most part formed of an eocene quartzite, though some
smaller specimens of the type known as that of " le Moustier "

are formed of flint. The fades of these latter is not so dis-

i Bull. Livey/i. Mus., II., Nos. 3 and 4 (Jan. 20); Nature, vol. Ixi.

April 19, p. 597.
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tinctly palaeolithic as that of the former, of which some, through
the kindness of M. Marcellin Boule, are exhibited.

The most important part of the discovery is that which relates

to the mammalian remains found with the implements. These
are of elephant, rhinoceros, horse, hippopotamus, pig, ox,

sheep, and certain cervidae. I will not detain the Society with
the details given in M. Boule's memoir, but I may call attention

to the fact that the elephant is not the African elephant, but
one more nearly related to the quaternary or even pliocene
elephants of Europe, to which the designation Atlanticus has
been given. Some teeth seem closely allied to those of

E. meridionalis and even E. armeniacus. Having regard to

the whole fauna, M. Boule arrives at the conclusion that it is

identical with that of the fossiliferous deposits of Algeria, which
from their topographical or stratigraphical characteristics have
been assigned to the Quaternary or Pleistocene Period. He
also cites other Instances in Algeria, such as Ternifine and a
station near Aboukir, in which palaeolithic implements have been
found associated with the remains of a similar pleistocene fauna.

Altogether, these recent discoveries in Northern Africa tend

immensely to strengthen my position with regard to -the truly

palaeolithic character of the implements found in other parts of

that vast continent, and I am tempted to bring for comparison
some few specimens from South Africa. One of these, found by
Mr. J. C. Rickard at the junction of the Reit and Modder twenty
years^ago, is almost indistinguishable from those of the Lac Karar,

as is also one from the valley of the Embabaan in Swaziland.

But the most remarkable is an implement of typically palaeolithic

character found in 1873 under 9 feet of stratified beds at Process-

fontein, Victoria West, by Mr. E. J. Dunn.^ May the day be not

long distant when researches for the implements of palaeolithic

man may again be carried on, and trenches be dug in South Africa

for peaceful instead of warlike purposes.

Anthropological Institute, June 5.—Mr. C. H. Read,
President, in the chair.—-Dr. J. G. Garson explained in detail

the metric system of identification of criminals which is in use

in this country. This system, which is a modification of the

Bertillon system employed in France, consists in measuring as

accurately as possible certain dimensions of the individual, and
classifying them, according as they prove severally large,

medium or small, in such a way that the search for any single

set of measurements at the central office is curtailed to the

utmost. Finger prints are used, as an additional proof of

identity, on the back of the card which carries the record of the

measurements. The paper was illustrated by diagrams and
examples of the measurements and of the instruments which
are employed ; and was followed by a discussion.

June 12.—Mr. C. H. Read, President, in the chair.—The
secretary exhibited, on behalf of Mr. II. Swainson Cowper, a

primitive figurine from Adalia in Asia Minor, which presented

analogies with the " owl-faced idols" found on the site of Troy
by Dr. Schliemann.—Mr. B. H. Pain read a paper on Eskimo
craniology, in which he stated that from observations on a

number of living Eskimo, lately in London, he had been en-

abled to extend the comparisons instituted by Virchow between
the dimensions of the head and those of the skull in this race.

Reference was incidentally made in the paper to the collection

of Eskimo crania at Cambridge (of which a descriptive note was
published in theyi??<r«a/of the Anthropological Institute, 1895),

as well as to the large collection of crania of Greenlanders in the

Anatomical Museum at Copenhagen. The paper was fully dis-

cussed by M. J. Deniker, Dr. Garson, Mr. Duckworth and Mr.

Shrubsall.—Mr. W. L. H. Duckworth read a paper on the

skeletal characters of the Mori-ori of the Chatham Islands.

The result of his observation and measurement of ten skulls and

two complete skeletons of Mori-ori (from the Chatham Islands)

is a general corroboration of the earlier results of Turner

{Challenger Report) and Scott {Transactions of the New
Zealand Institute) as to the characters of the skeletons of these

Pacific Islanders. Special notice was directed to the frequency

of occurrence of osteo-arthritis, as evidenced by the condition of

the sacrum, innominate bones and femora especially, and to the

rare form of occipito-atlantic articulation in one of the speci-

mens. The paper was followed by a discussion.—Mr. J. Gray

gave a summary of the anthropometric survey conducted by

Mr. James Tocher and himself in East Aberdeenshire, and exhi-

bited diagrams showing the relative frequency and the local

1 See also a paper by M. E. T. Hamy in the Bulletin du Museum
d'Histoire Naturelle, 1899, No. 6, p. 270.
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distribution of various types of complexion, iStc—A paper, by

Mr. D. Maclver, on recent anthropometrical work in Egypt, was

taken as read.

Edinburgh.

Royal Society, June 4.—Prof. M'Kendrick, Vice-President,

in the chair.—Dr. R. Stewart McDougall read a paper on the

biology of certain species of Pis^odes and Scolyttis. Pissodcs

is a genus of Coleopterous insects very harmful to pine trees in

Great Britain, the eggs beinfj laid under the bark, and the grubs

tunnelling in the Cambial layer. In working out the life-history

of P. notattis, a pest on young pines, and of P. pint, which

attacks chiefly grown trees, the author found that imagos could

be obtained from March to November, and that breeding might

take place from April to September inclusive. A remarkable

feature was the long life of adult beetles of both sexes, with

repeated copulation. Specimens of P. notatus had lived 22,

24 and 37 months, hibernating twice in the first two cases and

three times in the last case. Marked adults kept in confine-

ment, but otherwise in natural conditions, began hibernation in

\' ivember, and appeared above ground again in the following

irch. Scolyliis ninltistriattis attacks the elm—almost invari-

ly dead or decaying trunks or branches. Attempts to develop

ic eggs in living trees had failed. The beetles are late

-warmers, appearing chiefly in July. The generation is an

mnual one.—Sir John Murray read a paper on the physical,

chemical, and biological conditions of the Black Sea. Certain

peculiar features were pointed out, notably the presence of a

cold layer at a depth of 50 fathoms, the deeper waters being

warmer ; the lack of vertical circulation, and the consequent

stagnation of the deep waters, which can find no outlet through

the comparatively shallow straits ; the presence of sulphuretted

hydrogen and the absence of o.xygen in these depths ; the

absence of animal life there ; and the deposit of carbonate of

lime on the bottom. This carbonate of lime was not of

organic origin, but was formed by chemical action, the sulphur-

etted hydrogen being one of the products. The special interest

of the inquiry arose from the fact that in several of these par-

ticulars the Black Sea conditions differed fundamentally from

conditions that obtained in oceans and other ocean-connected

Mathematical Society, June 8.—Mr. R. F. Muirhead,

President, in the chair.—The following papers were read :—(l)

A general proof of the addition theorems in trigonometry

;

(2) a slight extension of Euler's theorem on homogeneous
functions, by W. Edward Philip ; note on proofs by projection

in trigonometry and co-ordinate geometry, by Prof. Gibson.

Paris.

Academy of Sciences, June 11.—M. Maurice Levy in

the chair.—Reduction of certain problems of heating or cooling

by radiation to the more simple case of heating or cooling of

the same bodies by contact ; heating of a wall of indefinite

thickness, by M. J. Boussinesq.—On the radiation of uranium,

by M. Henri Becquerel. The rays from uranium are deviable

in a magnetic field, although on account of the comparatively

feeble action of the uranium radiations, the time of exposure
of the photographic plates has to be very long. Uranium salts

treated with barium salts and a sulphate have their radio-

activity reduced. The author has not been able to obtain an
inactive uranium salt.—Researches on the pressures of saturated

mercury vapour, by MM. L. Cailletet, Colardeau and
Riviere. An experimental study of the vapour pressure of

mercury from its boiling point up to about 880°. At the

point where the pressure is about 160 atmospheres, the

experiments were stopped by the iron tubes allowing the mer-
cury to pass through them, thus rendering the study of the

TJtical phenomena of mercury impossible. The pressures
A t.re read on a metallic manometer which had been directly

dibrated against a mercury column, and the temperatures on a
Lhermo-couple.—On the )3-phenyl and )3-benzyl-a-alkoxy-a-

cyanoacrylic acids, by MM. A. Haller and G. Blanc. Starting
with phenylacetylcyanacetic and benzylacetylcyanacetic esters,

he silver salts are prepared and these treated with alkyl iodide.
i he esters so obtained are isomeric with the benzoylcyanacetic
>ters, and are clearly derivatives of crotonic acid.—Note on an

earthquake in Mexico on December 19, 1899, by the French
Consul in Mexico.—On a photograph obtained at the Observa-
tory of Algiers during the total eclipse of the sun of May 28,

by M. Ch. Trepied.—On the polarisation of the corona

of the sun observed at Elche, by M. P. Joubin. The ex-

periments of Prazmowski and Ranyard were confirmed.

Further observations with a Bravois bi-plate showed
that for all points of the sun's limb between the

equator, and about 15° to 20° from the north solar pole, there

was no elliptical polarisation. Above this, the colours of the two
plates could be clearly distinguished.—The method of Neumann
and the pri)blem of Dirichlet.—On the class of primitive con-

tinuous finite groups of transformations of Lie, by M. Edmond
Maillet —On the logarithms of the algebraical numbers, by M.
Carl Stormer.—On the angular points of solubility curves, by
M. H. Le Chatelier.—On the electrical distribution in a Hertz

resonator in activity, by M. Albert Turpain.— Permanent
modifications in metallic wires and variation of their electrical

resistance, by M. H. Chevallier.— On the kathcde rays, by
M. P. Villard. A study of the heating eff'ect produced upon
the kathode. The usual metal electrodes can be replaced by
ordinary lamp filaments, the kathode in this case being rapidly

raised to a white heat. The fall of potential necessary

for the production of light by a filament in this

way is much greater than when the carbon is heated

by the ordinary Joule eff'ect. — The campylograph, a

curve-tracing machine, by M, Marc Dechevrens. A new
method of producing Lissajous figures. Instead of being con-

fined to compounding two rectangular motions only, the instru-

ment can combine three simultaneous movements, two rectilinear

and oscillatory, the third uniform and circular. Seventeen
illustrations of the results obtainable accompany the paper.

—

Heat of solution of hydrogen peroxide. Thermal value of the

hydroxyl group : influence of carbon and hydrogen, by M. de
Forcrand.— On the direct production by the wet method of

mercuric and mercurous iodides in the crystalline state, by M.
F. Bodroux. Mercuric iodide can be crystallised in octahedra

from boiling concentrated hydrochloric acid or from a solution

of potassium iodide. A better method is to leave mercuric

acetate in contact with methyl iodide. The substitution of

mercurous nitrate for mercuric acetate yields large crystals of

mercurous iodide.—On the impossibility of the primary forma-

tion of potassium chlorate obtained electrolytically, by M.
Andre Brochet. The electrolysis was carried out in

presence of large amounts of oxide of cobalt. Since

hypochlorites are destroyed by this oxide, whilst chlorates

are unaffected, only chlorate which has been formed by primary
interaction of the ions will be found. Since no chlorate is pro-

duced under these conditions, it follows that in the electrolysis of

alkaline chlorides, contrary to the hypotheses of (JUttel, Haber
and Grinberg, Forster, Torre and Miiller, the formation of

chlorate is never due to a primary action, but is always due to

the intermediate formation of hypochlorites, even in a strongly

alkaline medium.—On the decomposition of metallic chlorides,

by M. Qichsner de Coninck.—Addition of hydrogen to acetylene

in presence of reduced iron or cobalt, by MM. Paul Sabatier

and J. B. Senderens. At 180° reduced iron causes the interaction

of hydrogen and acetylene, ethane, ethylene, benzene and
higher unsaturated hydrocarbons being produced. Cobalt under
similar conditions gives a much larger yield of ethane compared
with that previously noticed for nickel.—On a product of decompo-
sition of a diiodhydrin of glycerol, by MM. E. Charon and C. Paix-

Seailles. The substance formed by the elimination of hydriodic

acid from the iodhydrin, CHgl.CHI.CH.jOH, is /3-iodopropion-

aldehyde, most probably the polymer (CH2l.CH.>.CHO)3.

—

Action of acetylene upon cuprous chloride dissolved in a solu-

tion of potassium chloride, by M. Chavastelon.—On acidimetry

and alkalimetry in volumetric analysis, by M. A. Astruc—Fix-

ation of clay in suspension in water by porous bodies, by M. J.
Thoulet. Analysis of marine deposits consisting largely of

shells, showed great variations in the amount of clay present,

and it appeared possible that this clay might have been abstracted

from the water after the death of the animal by mechanical
means. Experiments with powdered pumice stone and with

wood charcoal confirmed this view.—Preliminary note on the

decapod Crustacea collected during the Belgian Antarctic expe-

dition, by M. H. Coutiere.—The embryos of mummy wheat and
barley, by M. Edmond Gain. A microscopical examination
showed that in spite of their external appearance of good pre-

servation, the mummy cereals do not possess a cellular organisa-

tion compatible with germination.—The ratio of nitrogen to

chlorides in the contents of the stomach during digestion, by
MM. J. Winter and Falloise.
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St. Louis.

Academy of Science, May 23.—A paper by Dr. Adolf Alt,

entitled " Original contributions concerning the glandular struc-

tures appertaining to the human eye and its appendages," was

presented by title.—Dr. M. A. Goldstein read a paper on the

physiology of voice production, in which he discussed three

essential factors in the production of voice— the motor force, the

organ of sound, and the resonators.—Prof. F. E. Nipher read a

short communication on the zero photographic plate, to which

reference was made at the meeting of May 7 (see pp. 62, 159).

The zero plate is one upon which a photographic image has been

made, but which will develop no image in a bath placed in light

of given candle power, at a distance of one metre from the

source. For example, if the developing bath is twenty centi-

metres from a sixteen candle lamp, a Cramer isochromatic plate,

such as is called "instantaneous," held for ninety seconds at a

"distance of one metre from the lamp, will be a zero plate. With
an opaque stencil over the plate when placed in a printing frame

during the exposure, there will develop a positive of holes

through the stencil, if the exposure is longer, and a negative

if the exposure is shorter. If a fresh plate is exposed in our

camera with full opening to a brilliantly lighted street scene for

one minute, it will develop as a positive in that same bath. This

time can be somewhat reduced, but the least time needed has not

yet been determined. It is evident that part of this minute is

used in producing a zero plate. It is furthermore clear that

different parts of the plate will arrive at the zero condition at

different times. The exposure may be arrested at a time when
-the strongly lighted white background of a sign-board will develop

white as a positive, and when the black letters will also show
white as a negative. It has been found that when a plate is

uniformly exposed over its whole surface to the extent that

nothing would have developed had it been covered by a sten-

cil, this plate may then be placed in a camera and exposed in

the ordinary way, and a perfect positive will develop in the bath

to which it has been adapted. This preliminary spoiling of the

plate for developing a negative is a very advantageous prepara-

tion for taking a positive. It shortens the time of exposure, and
ensures that a positive shall be obtained over all parts of the

plate. It is not yet known how short the camera exposure may
be made, but the present indications are that they will be as

short as those now made in the taking of negative pictures. It

is currently believed by photographers that in a positive plate

the object has " printed its picture " upon the plate. This ap-

pears to be a misconception of the process. It is true that in an
exposure of long duration an image shows on the plate before it

is placed in the bath. But this image is blackest where the light

has acted most. It is a negative. This picture disappears in the

developing bath when illuminated. The plate becomes perfectly

clean. The positive picture then develops exactly as a negative

would under ordinary conditions.—Mr. J. B. S. Norton
presented some notes on the flora of the south-western United

States
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Acid; (2) Methylisoamylsuccinic Acid, II.: Dr. W. T. Lawrence.

FRIDAY, June 22.

Physical Sociktv, at 5 —Notes on Gas Thermometry: Dr. P.

Chappuis.—A Comparison of Impure Platinum Thermometers : H. M.
Tory.—On the Law of Cailletet and Mathias and the Critical Density :

Prof. J. Young, F.R.S.
Anatomical Society (Owens College, Manchester), at 10.30.—Note on

the Configuration of the Heart in a Man and some other Mammalian
Groups: Dr. C. J. Patten.—On the Arrangement of the Pelvic Fasciae

and their Relationship to the Levator Ani : Dr. Peter Thompson.—(a) A
Preliminary Note on the Development of the Sternum ; (b) Specimens

of Diaphragmatic Hernia and of a Leit Inferior Vena Cava : Prof.

Paterson—Preparations and Lantern Slides illustrating : (a) The
Anatomy of the Subclavian and Axillary Arteries ; ih) The Position and
Relations of the Eustachian Tubes : (c) Stereo.scopic Views of Anatomical

Preparations : Dr. Arthur Robinson.—A Series of Microscopical Pre-

parations illustratine the Development of the Posterior End of the

Aorta : Prof. Young and Dr. Arthur Robinson.—Demonstration of a

Series of Preparations of the Posterior End of the Adult Aorta : Prof.

Young.
MONDAY, June 25.

Royal Geographical Society, at 8.30.—Results of the Sir George
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Royal Photographic Society, at 8.—The Selection of Lenses with
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CHRISTMAS ISLAND.
A Monos^raph of Christmas Island {Indian Ocean);

Physical Features ana Geology. By C. W. Andrews,
with descriptions of the Fauna and Flora by
numerous contributors. Pp. xv + 237. (London :

Published by order of the Trustees of the British

Museum, 1900.)

TILL 1887 Christmas Island, which is situated in the

Indian Ocean nearly a degree to the south-south-

west of Batavia, was scarcely known, even by name, to

the average Englishman, and only the low-lying shore

had been visited by explorers ; the steep cliffs, together

with the forest with which the island is cloth«d, forming

a barrier which had hitherto prevented access to the

central plateau. In that year the Commander of H.M.S.
Egeria, with the assistance of a landing party, succeeded

in cutting his way into the interior ; and two years later

the island was leased by the British Government to a

trading company. Since it contains an area of about

forty-three square miles, and appears never to have been

inhabited by aboriginal tribes, it presented a most favour-

able opportunity for studying the fauna and flora of an
oceanic island of considerable size situated at no very

great distance from a considerable land-mass—the Sunda
Archipelago Down to the time mentioned, it appears,

indeed, to have been the largest uninhabited tropical

island extant ; and as the discovery of valuable deposits

of phosphates in the interior indicated that its pristine

conditions would soon be rudely disturbed, it was evident

that if a biological survey was to be undertaken at all,

there was no time to be bst. Fortunately, Sir John
Murray interested himself strongly in the matter, and it

was eventually arranged that Mr. C. W. Andrews, of the

British Museum, who is both a geologist and a zoologist,

should undertake the work. He accordingly spent ten

months on the island during the years 1897-98 ; and the

present volume, in which he has had the assistance of

a number of specialists, is the result of his labours.

As is evident by their permitting a member of their

staff to undertake the task, the Trustees of the British

Museum gave their support to the exploration ; and it is

a matter for congratulation that they have seen fit to

publish the results in the same form as the Museum
" Catalogues." A wise liberality has been exercised in

the matter of illustration, the plates (some coloured)

being numerous, while a considerable number of repro-

ductions from photographs are given in the text. These
latter have, however, received but scant justice at the

hands of the printer ; and it is, indeed, with some sur-

prise that we notice the volume bears the name of a
local firm of printers.

Situated at a distance of over 190 miles from the
nearest land, with the intervening ocean attaining a
depth of more than three miles, Christmas Island appears
to have derived its limited fauna from the Sunda Archi-
pelago, of which indeed it probably once formed a part.

The length of its isolation is, however, indicated by the
circumstance that four out of its five indigenous mammals
are peculiar species, the fifth—a Shrew—being a local

NO 1600. VOL. 62]

variety of an Assam and Tenasserim form. The majority

of the few land birds are likewise distinct, the most

striking being a Goshawk {Astur natalis), an Owl

{Ninox ?tatalis), and a White-eye {Zosterops natalis),

specimens of all of which were first collected by Mr,

J. J. Lister during a flying visit to the island in 1890.

As regards the fauna generally, it exhibits no greater

evidence of affinity with that of the Mentavvei chain of

islands, running parallel with Sumatra and Java, than

with that of the two islands last named. And the hypo-

thesis that Christmas Island formed the termination of

a "Mentawei Peninsula" must accordingly be given up.

One of the main objects of the exploration of the

island was to ascertain whether its geological structure

would throw any further light on the vexed question of

the origin of atolls. As the result of his observations,

Mr. Andrews is led to believe that, from the absence of

a sufficient thickness of reef-limestone, Christmas Island,

although originally an atoll, could not have been formed

in the manner required by the Darwinian theory, as the

amount of subsidence which has taken place would have

been quite insufficient. That a certain amount of sub-

sidence may have occurred in the early history of the

island, Mr, Andrews considers to be quite possible.

"It may, of course, be objected," he writes, "that

Christmas Island was never a typical atoll, and to this

objection no answer is possible ; but since it can be
shown that at one time it must have consisted of reefs

and islands approximating very nearly to those seen in

atolls which are regarded as typical, the determination

of the nature of the foundations upon which these reefs

and islands rested is at least a step in the right direc-

tion. ... In this case the basis of the island is almost

certainly a volcanic peak, the foot of which is now some
2400 fathoms below the level of the sea, and that on
its summits and flanks great accumulations of Tertiary

limestones have been deposited, and in some cases are

interstratified with the products of the eruptions, probably

for the most part submarine, which took place from time

to time. The oldest of the volcanic rocks are trachytic,

tlie newer basaltic. The last of the eruptions was ac-

companied by the formation of' thick beds of volcanic

ash, and it is upon these that the great mass of the

Miocene (Orbitoidal) limestones rests."

The occurrence of such a thickness of Tertiary de-

posits (ranging from the Eocene or Oligocene upwards)

is unknown in any other oceanic island. It is important

to notice that these rocks, allowing for a difference in

the proximity of land at the time of their deposition, are

very similar to those of South Java ; but the author con-

siders that there are difficulties in believing that the

two series of sediments were deposited in a continuous

area, as this would involve great local dislocations. Ac-

cordingly the volcanic peak theory is adopted in preference

to such a view.

In speaking of elevation and depression, the author is

careful to guard himself by stating that such terms are

merely used in relation to the sea-level ; and it would

appear, from reading between the lines, that he is rather

in favour of an actual alteration of the sea-level in these

districts. It may further be inferred that he does not

intend his conclusions as to the mode of origin of

Christmas Island to affect the case of other atolls, his

idea apparently being that all atolls are not of precisely

similar origin,

K
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The rocks which have brought Christmas Island into

the most prominent notice are the thick beds of nearly

pure lime phosphate capping several of the higher hills.

It is inferred that this deposit has been formed by the

action of beds of guano on limestone forming the summits

of the low islets presumed to have existed previous to

the first elevation of the present island. Another phos-

phatic bed is considered to have been produced by

guano acting on volcanic ash. It is for the purpose of

working these phosphates that the island has been leased

by a commercial company.

Although the greater part of the volume is of a highly

technical nature, it must not be inferred that this is the

case with the whole of its contents. As an example of

its lighter side, the excellent account of the habits of the

Frigate-bird may be cited. These birds, which form

the main support of the present colony of the island, are

of an inquiring and fearless disposition.

"The usual way of obtaining them is," writes the

author, " for a man to climb into the topmost branches

of a high tree near the coast, armed with a pole eight

or ten feet long and a red handkerchief. The latter he
waves about, at the same time yelling as loudly as

possible. The birds, attracted by the noise and the red

colour, swoop round in large numbers, when they are

knocked down with the long pole. In this way suffi-

cient birds to supply the small colony with food can
usually be obtained in an hour or two ; occasionally,

however, in unfavourable states of the wind, they are

difficult to procure."

From first to last, the exploring, the collecting, and

the descriptive and literary portions of the book have been

thoroughly well carried out. And, despite the fact that

no far-reaching or epoch-making discoveries, in either

zoology, geology, or distribution have been made, all

concerned in the production of the volume before us

(save the printer) are to be heartily congratulated on

the manner in which they have executed their respective

tasks. R. L.

A NEW WORK ON SILVER.

Metallurgy of Lead and Silver. Part ii. Silver. By
Henry F. Collins. Pp. 352. (London : Griffin and

Co., Ltd., 1900.)

WE recently had occasion to notice the first volume

of the present work, and to speak favourably of

its merits. We are pleased to find the second portion

equally good. It has been a source of great regret that

the distinguished master of metallurgy, the late Dr.

Percy, did not live to complete his projected work on

Silver, instead of leaving what has been termed a splendid

fragment : and as no book claiming to give a full account

of the metallurgy of the subject has been published since,

we cordially welcome the advent of a further contribu-

tion. It is perhaps unnecessary to point out how closely

interwoven is the metallurgy of lead with that of silver,

or to state that a full treatise on silver cannot be written

without considerable reference to lead ; and when

one author is competent to deal with both branches of

the subject, it affords the best means of imparting a

sound knowledge of these metals. In the present case

we have this additional advantage, that the editor ig an
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authority on all questions relating to the nature and pro-

perties of silver, together with that of assaying. The
immense importance of silver in the economic relations

of the United States is well known, and many attempts

have been made to introduce similar relations into this

and other countries ; hence it may be considered one of

the most important metals known to mankind. The
present work is not an exhaustive treatise on silver, and
is evidently intended chiefly for those who are connected

with the extraction of the metal from its ores. Those
ancient methods which are fast becoming obsolete have

not escaped notice ; for, while they may not possess

much practical. value at the present time, their chemical

and educational value is not to be despised. Numerous
references to original sources of information are given

throughout the volume, and this will enable the reader to

obtain fuller information than is given here. The method

of procedure in special works, such as that of matte

smelting at Sunny Corner (p. 268), is described at some
length with clearness and precision. The author has

followed the same plan as in his first volume, of econo-

mising space by giving details of the practice at

different localities in the form of tabular statements.

This should prove useful for reference and comparison.

The book is divided into four main sections, dealing re-

spectively with silverand itsores, amalgamation, lixiviation.

and smelting processes. Of these the chapters relating to

lixiviation and blast furnace smelting are the best^

as they appear to be the branches with which the author

is most familiar. The hyposulphite leaching process is

described in a more lucid and methodical manner than

we have seen elsewhere, and the advantages and dis-

advantages of calcium sulphide are admirably compared

on p. 197. A chapter is specially devoted to hypo-

sulphite leaching practice, in which is given details of

plant, mode of working, advantages and disadvantages

of lixiviation, cost, and examples of the Russell process

in various localities. Data as to cost and results at

mills using the Patera and Russell processes respectively

are given in the form of tables on pp. 224 to 227. A
serviceable chapter on the refining of lixiviation sulphides

concludes the section. The fourth section, dealing with

the extraction of silver by smelting processes, contains a

considerable amount of information in a condensed form.

The table of comparison of various systems of smelting

is instructive and helpful. The construction of furnaces

is made clear by the aid of figures, drawn to scale. The
arguments in favour of the hot blast for smelting mattes

are pertinent and convincing. Several well-compiled

tables are included in this chapter. Pyritic smelting

receives only a brief notice in Chapter xv., as this sub-

ject has been partly dealt with in the first volume. The

subject of matte smelting in reverberatories for silver-

copper ores is next considered, and the characteristics

of the method, with the points of difference from blast

furnace practice, are pointed out. This kind of information

is often of great moment to the practical man, who has

to decide on the most economic method to adopt in

special cases. The final chapters deal with the treat-

ment of argentiferous mattes, which generally require a

preliminary concentration to eliminate some of the lead

and iron. In some cases a direct method may be
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adopted, and information is here given for that purpose.

The Bessemerising of copper mattes is briefly described.

Silver-copper smelting and refining is limited in its

application to ores comparatively free from sulphur,

arsenic, and lead, and therefore but little used. The

plant employed is specified and illustrated by diagrams

and tables. The book concludes with a short account

of the various wet methods used for argentiferous slimes.

The author's attempt to cover the ground embraced by

such a wide subject within a moderate compass will, with

the aid of tables and summaries, prove most valuable

both to practical men and to students.

OUR BOOK SHELF.
The History of Lnttguage. By Henry Sweet, M..'\.

Pp. xi + 148. (London : J. M. Dent and Co., 1900.)

There are few living scholars who are so well qualified

as Dr. Sweet to write a thoroughly comprehensive intro-

duction to the science of language. He is, as is well

known, one of the foremost European authorities on
phonetics ; but at the same time he is a profound and
original thinker on those psychological aspects of lin-

guistic science in which few phoneticians take any
interest. And while possessing a competent knowledge
of Indogermanic comparative philology in its latest

developments, he is preserved from the narrowness of

view of the mere Indogennanist by having made a prac-

tical study of Arabic, Finnish and Chinese. Notwith-
standing its small size, this " priiner" is a very remark-
able book. In completeness of outline, it is superior to

any elementary manual of the subject known to us ; and
it is no mere arid skeleton, but contains a good deal of

novel and interesting illustration of the principles ex-

pounded. Perhaps it is not quite so easy to master as

a " primer" is usually expected to be. Although strictly

elementary, in the sense that it assumes no previous

philological knowledge on the reader's part, it does
undoubtedly demand considerable power of close atten-

tion and some trainmg in habits of scientific thought.

It will therefore probably be less acceptable to absolute
beginners than to those who have already some general
knowledge of the subject and desire to render their con-

ceptions of it more systematic and precise. Even by
advanced philological scholars it may be studied with
interest and profit.

The contents of the book may be said to consist of

three portions : an exposition of the general principles

affecting the development of language, an outline of the

history of the Aryan family of languages, and a state-

ment of the author's views as to the exterior affinities of

Aryan and the locality in which it was developed. Per-
haps the third part is somewhat out of place in an ele-

mentary book, but it is at any rate interesting. Dr.
Sweet's hypothesis is that primitive Aryan arose in

Scandinavia out of a mixture of the language of Ugrian
conquerors with that of the aboriginal population among
whom they were absorbed. This is not now such a
startling heresy as it would have been a few years ago,
though it is not likely at present to find a ready welcome
from Indogermanists. The apparent affinities between
Aryan and Ugrian certainly seem too striking to be due
to mere coincidence, but it is a long step from this admis-
sion to the acceptance of the definite theory here pro-
pounded. The writers who have hitherto advocated
somewhat similar views have always discredited their

case by their ignorance of philology and their lack of
scientific caution. It is to be hoped that Dr. Sweet will

give to the world a full exposition of the grounds on
which his conclusions are based. Whether he succeeds
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in the establishment of his particular thesis or not, he

can hardly fail to make a valuable contribution towards

the ultimate solution of the question.

Micro-organisms and Fermentation. By Alfred Jorgensen.

Pp. xiii-l-318. (London: Macmillan and Co., Ltd.,

1900.)

The study of the biology of fermentation has made
considerable progress in recent years. The knowledge
that has been gained of the nature and mode of action

of the living agents in question is mainly due to the

efforts of foreign observers. Through the investigations

of Pasteur, and most notably of Hansen, the subject

became a recognised branch of methodical and practical

inquiry. To be in a position to employ the essential and
to exclude the deleterious agents in a fermentative pro-

cess is to substitute scientific for haphazard methods.

This, briefly put, is the aim of technical mycology, and
the gain to a given industry is considerable, as e.g. in

brewing and distilling operations. Of the books dealing

with micro-organisms and fermentation. Dr. Jorgensen's

has long occupied a leading position, and hardly requires

an introduction to the specialist. The new edition just

issued has been completely revised, and the English
translation has been well done by Dr. A. K. Miller and
Mr. A. E. Lennholm. Dr. Jorgensen's reputation as a

teacher and investigator, as well as his intimate associa-

tion with Hansen, place this work above the ordinary

run of text-books. The first chapters deal with the

methods of microscopical and physiological examination

of micro-organisms, and the methods for obtaining and
utilising pure cultures of the useful races of sac-

charomyces are described. The examination of water

and air is next dealt with— a subject of importance on
account of the injurious organisms that may exist in the

air and water of a brewery. The chapter on bacteria is

somewhat incomplete. The technical mycologist has

commenced to study the bacteria more closely, and a

fuller account of this branch of the subject will be found
in Lafar's book. An interesting account is given of the

alcohol-forming bacteria, and of certain symbiotic fer-

ments, e.g. Kephir and the ginger-beer plant. The
moulds of importance in technical work are fully dealt

with.

Of recent work, Buchner's "Zymase" is shortly

alluded to ; but more mention might have been made of

Calmette's investigations at Lille and S^clin upon the

symbiotic action of moulds and yeasts in the alcoholic

fermentation. The account of the alcoholic ferments in

Chapter v. is naturally the main and distinctive feature

of this work, and it will be particularly valuable to the

English reader on account of the lucid description it con-

tains of Hansen's investigations upon yeasts. The

I

various species of bottom and top fermentation yeasts of
' interest to the brewing chemist are fully dealt with.

The final chapter is devoted to the application of the

results of scientific research in practice. The value of

the book is added to by a number of illustrations and a

very full bibliography. As an introduction to the

morphology and biology of the alcoholic ferments, Dr.

Jorgensen's work leaves little to be desired, and consti-

tutes a valuable complement to the text-books which
deal mainly with the chemical side of the subject.

.\. M.

Photography in Colours. By R. C. Bayley. Pp. 74.

(London : Iliffe, Sons and Sturmey, Ltd., 1900.)

This little book is practically a reprint of a series of

articles by the author which have already appeared in

a photographic periodical, but the subsequent revisions

and convenience of reference occasioned by their collec-

tion under one cover should render them more service-

able. The general principle has been to avoid techni-

calities and purely executive details, aiming rather to
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give a lucid explanation of the principles governing the

various processes, which may be understood by readers

not necessarily acquainted with photographic manipu-

lation.

The opening chapters introduce the elementary ideas

of the nature of colour and the undulatory theory of

light. Following these is a chapter on the Lippmann
process, this being the only direct process having a

purely physical origin.

The fourth chapter deals with the principles of colour

vision, showing how the colour curves of red, green and

blue sensitiveness are employed in deciding the screens

used in the three-colour photographic process ; two pro-

cesses of this type, founded by Ives and Joly respectively,

being then fully explained.

The work is brought up to date by descriptions of

Wood's diffraction grating process, and later improve-

ments on the Joly process. A chapter is also devoted

to three-colour photomechanical processes, and another

to the method developed by Sanger Shepherd and others

of producing lantern slides in three colours.

Lecons nouvelles stir les applications geomdtriques du
calcul diffdrentiel. Par W. de Fannenberg, Professeuf

k la Facultd des Sciences de I'Universite de Bordeaux.
Pp. 192. (Paris : A. Hermann, 1899.)

The geometrical applications of the differential calculus,

which are usually given in English treatises on the cal-

culus, are mostly confined to plane curves. In these

lessons, on the contrary, the author begins by assuming a

knowledge of elementary analytical geometry of three

dimensions, and proceeds at once to deal with subjects

which occur in the latter part of an English text-book

on solid geometry, in chapters on the general theory of

curves and surfaces.

Thus we have sections on the descriptive properties

of tortuous curves and curved surfaces, followed by sec-

tions on the metrical properties of tortuous curves, of

ruled surfaces, and of surfaces in general.

The author's treatment of his subject is exceedingly

clear and elegant, and there is considerable freshness of

method. We may notice, in particular, the early employ-
ment of the six co-ordinates of a line ; the use of the system
of moving axes formed by the tangent, the principal

normal and the binormal at a point on a curve ; the

systematic application of Gaussian curvilinear co-ordinates

in developing the properties of the several classes of

curves that may be traced on a surface.

In fact, a student will find here in small compass a
pleasant introduction to some of the most powerful

methods of modern analysis as applied to geometry,
and if he proceeds afterwards to the " Lemons sur la

theorie generale des surfaces," by Darboux, his study
of that great classic will have been much facilitated.

Elementary Illustrations of the Differential and Integral

Calculus. By Augustus De Morgan. New Edition.

Pp. viii -1-142. (Chicago : The Open Court Publishing

Company. London : Kegan Paul and Co., Ltd., 1899.)

It is nearly seventy years since De Morgan first pub-
lished this tractate in the Library of Useful Knowledge.
It was afterwards bound up with his large treatise on the

differential and integral calculus, but the very inferior

typography detracts much from the pleasure of perusing

it there. In the present issue we have a very attractive

reprint. Although there has been in recent years almost

a superabundance of elementary treatises on the calculus,

some of them not lacking excellent illustrations of the

fundamental principles and processes of the subject, it

may still be said that De Morgan's effort at popularisa-

tion remains the greatest of its kind, and far above all

others in the philosophic spirit which animates it.
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LETTER TO THE EDITOR.
[Tie Editor does not hold himsetf responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any other part of Naturr.
No notice is taken of anonymous communications.'^

A Surface-Tension Experiment.

If an unbroken vertical jet of falling water is allowed to
impinge normally on a smooth circular disc, whose diameter is

rather greater than that of the jet, then a phenomenon, illus-

trated by the accompanying photographs, is observed. These
are one-ninth natural size.

A disc about 7 mm. in diameter was supported on the upper
end of a knitting-pin, which was held vertically in a clamp.
A jet of water proceeding from a tube of 6 mm. internal

diameter was directed downwards, so as to strike the disc

centrally.

If the initial velocity of the jet is high, then an umbrella-
shaped sheet is formed, which breaks up into a shower of drops
at its margin. On diminishing the rate of outflow, the broken

Fig. I.

4000 c.c. per min.

Fig. 2.

3000 c.c. per 1

edge of the sheet gathers itself together and closes inwards until

it reaches the upright supporting the disc, thus forming a com-
pletely closed pear-shaped surface (Fig. i). The surface-tension

of the falling sheet thus drags in the water radially, for if it were
in separate drops these would describe parabolic paths.

On further restricting the water supply there is, in general, a

tendency for the surface to elongate and at the same time to

contract laterally, thus becomint^ more spindle-shaped (Figs. 2

and 3). In this condition the figure is remarkably steady and
well defined.

With a still slower stream of water (Fig. 4), the spindle

reaches a certain critical length at which it first begins to

P i^^mI
Fig. 4-

1600 c.c. per min. 1000 c.c. per mm.

oscillate vertically and to pulsate, and then a sudden constriction

occurs causing the division of the spindle into two bubbles, one

of which rushes down and the other up the vertical support.

The latter bubble persists as a small conical figure imme-
diately beneath the disc (Fig. 5). |

*•-*'

Since there is an almost instantaneous transition from Fig. 4
to Fig. 5, it was not found possible to photograph any of the

intervening conditions.
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The length of the spindle in Fig. 4 (just on the point of

undergoing segmentation) is about four times its diameter ; a

ratio which is considerably greater than in the three preceding

figures, and which approaches that known to hold in the case of

an unstable liquid cylinder.

The rate of outflow from the tube is in each case stated

under the photograph.
The knitting-pin was then replaced by a glass tube, closed at

its upper end, but connected below with a manometer, which
was put into connection with the interior of the various bubbles

by mean of a small hole previously blown in the side of the tube

near its upper extremity. The pressure inside the bubbles was
always found to be very nearly atmospheric, an excess of about

I mm. of water being the greatest noted.

Another form of apparatus gave striking results.

A H tube was supported with the cross piece vertical, and the

upper opening was closed with a cork into which a stiff" wire was
driven, so that it hung centrally, with its other end projecting

a little from the lower opening of the lube.

The circular disc was attached to this projecting wire, and was
then exactly in the path of the issuing stream of water which was
admitted by the side tube.

By properly regulating the velocity of the water a series of

surfaces similar to those produced by the former method can be

obtained, but the adjustments are not so easily controlled

(Fig. 6).

It is curious to note how the water constituting the walls of

the bubble reunites into a single stream which falls from its base.

T. J. Baker.
King Edward's School, Birmingham, May 28.

THE INTERNATIONAL CATALOGUE OF
SCIENTIFIC LITERA TURE.

TN view of the proceedings at the recent third Inter-
• national Conference, of which the Acta are printed
on another page, there can be little doubt that the ultimate
execution of this important enterprise is now assured.
Prior to the meeting, some of us, perhaps, vaguely feared
that the foreign delegates would come prepared to suggest
all sorts of difficulties, if not to announce the unwillingness
of the countries they represented to take any part in the
work ; btit nothing of the kind occurred : all came bent
on securing success ; not a word was uttered in de-
preciation of any of the proposals brought under con-
sideration ; and all present may be said to have taken an
enthusiastic interest in carrying the proceedings to a
satisfactory issue. Every one was of opinion that if a fair

beginning can once be made, the importance of the work
is so great ; it will be of such use to scientific workers
at large ; that it will rapidly grow in favour and soon
secure that wide support which is not yet given to it

simpiy because its character and value are but im-
perfectly understood. Therefore, all were anxious that a
beginning should be made.

It has been estimated that if 300 sets or the equivalent
are sold, the expenses of publication will be fully met.
As the purchase of more than half this number was
guaranteed by France, Germany, Italy, Norway, Switzer-
land and the United Kingdom, the Conference came to
the conclusion that the number likely to be taken by other
countries would be such that the subscriptions necessary
to cover the cost of the catalogue would be obtained.
The resolution arrived at after this opinion had been

formed, " That the catalogue include both an author's and
a subject index, according to the schemes of the Pro-
visional International Committee," must, in fact, be read
as a resolution to establish the catalogue.
Of the countries represented at the various Conferences,

excepting Belgium, not one has expressed any unwilling-
ness eventually to cooperate in the work. Unfortunately,
neither the United States nor Russia was officially repre-
sented on the present occasion. The attempts that have
been made to induce the Government in the United
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States to directly subsidise the catalogue have not been
successful : but that the United States will contribute
its fair share, both of material and of pecuniary support,
cannot be doubted. There as here private or corporate
enterprise must undertake much that is done under
Government auspices in Europe. As to Russia, the
organisation of scientific workers there has been so little

developed that it is very difficult to secure their attention,
and probably our Russian colleagues are as yet but very
imperfectly aware of what is proposed. The importance
of Russian scientific work is so great, however, that it

stands to reason that it must be fully considered ; and it

may be supposed that Russia will join when she becomes
acquainted with what is proposed and what is required
of her.

A Provisional International Committee has been ap-
pointed, which will take the steps now necessary to secure
the adhesion and cooperation of countries not yet pledged
to support the scheme.

Originally, it was proposed to issue a card- as well as
a book-catalogue, but on account of the great additional
expense this would involve, and as the Americans in

particular have not expressed themselves in favour of a
card issue, it is resolved to publish the catalogue, for
the present, only in the form of annual volumes.
From the outset great stress has been laid on the

preparation of subject indexes which go behind the
titles of papers and give fairly full information as to the
nature of their contents. Both at the first and the second
International Conference this view met with the fullest

approval. Meanwhile, the action of the German Govern-
ment has made it necessary to somewhat modify the
original plan. In Germany, a regional bureau will be
established, supported by a Government subvention, and
it is intended that the whole of the German scientific

literature shall be catalogued in this office ; no assist-

ance will be asked from authors or editors or corporate
bodies. In such an office it will for the present be
impossible to go behind titles ; consequently, only the
titles of German papers will be quoted in the catalogue.
In the first instance, some other countries may prefer to

adopt this course on the ground of economy. But in

this country, at least, the attempt will be made to deal
fully with the literature, and the cooperation of authors
and editors will be specially invited. An author may not
always be best able to judge which are the most im-
portant points in his paper to be noted in an index, but
the experience gained in the Royal Society during several
years past has shown that authors furnish most valuable
information, and that their suggestions are easily reduced
into shape. A full code of instructions for the use of the
regional bureaux is now being prepared under the auspices
of the Provisional International Committee.
The catalogue is to be published annually in seventeen

distinct volumes. The collection of material is to com-
mence froin January i, 1901. As it will be impossible to

print and issue so many volumes at once, it is proposed
to publish them in sets of four or five at quarterly in-

tervals. During the first year, parts covering shorter
periods will be prepared, so as to make the subsequent
regular issue possible of volumes in which the literature

published during a previous period of twelve months is

catalogued. Valuable opportunity will thus be given
from the outset of gaining experience both in the

preparation and use of the catalogue.

That many difficulties will be encountered in carrying
the work out cannot be doubted ; but if scientific workers
generally will but reflect on the inestimable value of
accurate classified subject indexes, they cannot but see

that it will be to their great advantage to do all in their

power to further the enterprise. If the attempt fail, it

will only be because those on whose behalf it is under-
taken are blind to their own interests. H. E. A.
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NOTES.
The annual visitation of the Royal Observatory, Greenwich,

by the board of visitors, took place on Tuesday last.

A SPECIAL joint meeting of the Royal and Royal Astro-

nomical Societies is being held in the rooms of the Royal Society

to-day, to receive preliminary accounts of the observations of

the recent eclipse of the sun.

The Nilson Memorial Lecture will be delivered by Prof. Otto

Pettersson, of Stockholm, before the Chemical Society on

Thursday next.

The great kindness and attention shown oy the Alcalde and

other authorities at Santa Pola to the astronomical party who
went there to observe the recent eclipse, and to the captain and

officers of H.M.S. Theseus, who conveyed the members of the

expedition from Gibraltar, occasioned a very pleasing little

episode. On leaving Santa Pola a donation of lo/. was col-

lected, and left by Captain Tisdall with the Mayor for the benefit

of the poor of the town. This gift was highly appreciated by

the local authorities, and the amount has been distributed by

a local committee. The children in the schools were not for-

gotten, and each of them received a packet of sweets and a

memorial card relating to the eclipse and the visit of the expe-

dition. We are also able to state that the Mayor of Santa

Pola has received from the Spanish Government a decoration

of the First Order of the Civil Administration. We heartily

congratulate him on his new honour, which all who had any

relations with him know was well deserved.

At a public meeting recently held in Belfast, it was decided

to renew the invitation to the British Association to visit Belfast

in 1902, and a representative deputation was appointed to

present the invitation at the forthcoming Bradford meeting of

the Association. The last meeting in Belfast took place in

1874, and was under the presidency of Prof. Tyndall.

Sir William MacCormac is to receive to-day the honorary

degrees of M.D. and M.Ch. from the University of Dublin.

The death is announced of Prof. Boutan, general inspector of

public instruction in France. Prof. Boutan was one of the

founders of the Societe fran9aise de Physique, and was also

the author, jointly with M. d'Almeida, of a treatise on physics.

The death is announced of Dr. Karl Lange, professor of

pathological anatomy in the University of Copenhagen ; also of

Dr. Wilhelm Kiihne, professor of physiology at Heidelberg.

The new physical laboratory at Owens College, Manchester,

will- be opened to-morrow by Lord Rayleigh. The new labora-

tory will have a larger floor area than that of any other similar

institution in the world, with the exception of the Johns
Hopkins and the Strasburg laboratories. Great efforts have

been made to provide an equipment of the most modern appa-

ratus for use in every branch of physical science, and to main-

tain conditions which shall ensure their being used to the

best advantage. The research laboratories are to be an im-

portant feature of the new buildings, and should attract a large

number of students. Another feature is the electro-technical

wing, which is to constitute a John Hopkinson memorial, and
will be formally handed over by the relatives of the late Dr.

John Hopkinson, on the occasion of the opening ceremony.

It is understood that Dr. C. H. Lees, formerly chief assistant

lecturer in the physics department of Owens College, will

occupy the post of assistant director of the new laboratories,

under Prof. A. Schuster, the director, and that Mr. R, Beattie

has been appointed lecturer in electrotechnics.

At the conversazione to be held at the London Medical

Graduates' College and Polyclinic on Wednesday, July 4, Prof.

Osier F.R.S., of Baltimore, will deliver an address on " The
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Teaching of Practical Medicine," and the museum will be
inaugurated.

The annual general meeting of the Rontgen Society will be

held on Thursday, July 5. The Presidential Address will be

delivered by Mr. Wilson Noble.

The second annual meeting of the Astronomical and Astro-

physical Society of America is being held in conjunction with

the meeting of the American Association at Columbia Uni-

versity. In addition to the papers to be presented, there

will be discussions upon the following subjects :—The eclipse of

May 28 last ; Observations of Eros to be made at the next

opposition ; Spectroscopic determinations of motion in the

line of sight.

An important' meeting of the Committee of the Liverpool

School of Tropical Medicine was held on the 19th inst., when
it was reported that the Government were co-operating with

the School in the matter of the despatch of the Yellow Fever

Expedition to America and Brazil, and that a letter had been,

received from the Marquess of Salisbury asking •whether the

Committee wished him to communicate with the British repre

sentatives in the countries to be visited by the expedition. The
offer was gratefully accepted, and a further letter was received

from Lord Salisbury saying that he had asked the British Am-
bassador at Washington and H.B.M. Consul at Para to obtain,

all possible facilities from the United States and Brazilian

authorities respectively on behalf of the expedition. Official

invitations for the expedition to visit Washington had been re-

ceived from the heads of the medical departments of the U.S.
army, and to visit Baltimore from the authorities of the Johns
Hopkins University. As has already bien stated in these

columns, the expedition consists of Dr. Durham (Grocers Re-
search Scholar) and Dr. Walter Myers (John Lucas Walker
Student), both of Cambridge. The expedition, which started

on Tuesday last, goes first to Canada, and then proceeds direct

to Washington and Baltimore. After conferring with the

bacteriological experts there, the expedition will go to New
York, and sail from that port to Para. Subsequent movements
will be guided by circumstances.

At a dinner given last Monday in honour of the Yellow Fever
Expedition, Mr. A. L. Jones, chairman of the school, announced
his intention of giving 1000/. to.vards the erection of a Tropical

Diseases Hospital in Liverpool in connection with the Royal
Southern Hospital, to be associated with the name of Miss Mary
Kingsley. It was also announced that Mr. Blaize, of Lagos,

and Mr. John Holt, of Liverpool, had promised 500/. each to

th2 same object. Two other subscriptions of 100/. each were

announced.

The Summer School of Medicine, which was to have been

held at Cambridge from June 25 to June 30, has, unfortunately,

had to be abandoned in consequence of the meagre number of

acceptances received. The necessity for the taking of this step

is the more to be regretted, as very careful preparations had been

made to insure a successful session ; demonstrations of the

malarial and other blood parasites, and of the most recent

work on cancer, had been arranged for, and in addition to

these subjects lectures were to have been given by experts in

their several lines of work upon various other matters of medical

and surgical interest.

There are, it is estimated, about 400 lepers in France.

They are scattered about in Brittany, in the Pyrenees, on the

shores of the Mediterranean, and in Paris, where they number

150. Among the lepers there are missionaries and nurses who
have fallen victims to their devoted care of sufferers in other

countries, and officials and soldiers who have contracted the

disease in the colonies. An anti-leprosy committee has, says

the British Aledical lotirnal, recently been formed on the



June 28, 1900] NATURE 99

initiative of Dom Santon, a member of the Benedictine Com-
munity of Ligugc, who is also a doctor of medicine, for the care

cf the lepers in France and the prevention of the spread of the

•disease. Dom Santon his for many years past devoted himself
to the study of leprosy, travelling for that purpose in many
jjarts of the world. After conference with the Council of

Hygiene he has acquired a property in the Vosges, where he
proposes to establish an asylum for lepers to be called the
St. Martin Sanatorium. The plans have been approved by the
French Government.

The National Academy of Sciences of the United States has
recommended to the trustees of Columbia University that the

Barnard medal be given to Prof. Rontgen for his discovery of
the X-rays. The medal, of gold, is awarded quinquennially to

the person who shall have made such discovery in physical or
astronomical science as, in the judgment of the National
Academy of Sciences, shall be esteemed most worthy of the
honour.

A.\ entomological expedition is to be sent into Southern
Mexico this summer by the University of the State of Missouri.

It will be in charge of Prof. J. M. Stedman, head of the
Entomological Department, and will have for its object the
making of a biological, largely entomological, survey of the
region from Vera Cruz on the Gulf, which is in perpetual
tropics, to the top of the volcano Popocatepetl, which is far

above the perpetual snow line, and down to Acapulco on the
Pacific. This wiU give all the temperature variations from
perpetual tropics to perpetual snow, and will allow of the study
of life zones under conditions not to be found elsewhere in

North America. The collection will become the property of
the University, which is to furnish half the expenses, the other
half being borne by Prof. Stedman.

An expedition, consisting of President Jordan and Mr. John
O. Snyder, of the Department of Zoology in Stanford University,
has sailed for Japan, for the purpose of making a collection of
the fishes and insects of that country. Assistance will be given
by other graduates of Stanford University at present resident
in Japan.

It is stated in Science that Mr. G. B. Gordon has secured the
control of the ruins of Copan, and the lands pertaining thereto,

for a period of ten years, with the right to make excavations
and to remove to Cambridge, Mass., for preservation, a portion

of the objects that may be found.'

Mr. O. a. Titt.mann has been appointed successor to Dr.
II. S. Pritchett as superintendent of the United States Coast
nd Geodetic Survey, Dr. Pritchett having been elected president

of the Massachusetts Institute of Technology.

The American National Geographical Society's prizes for the
best essays on Norse discoveries in America have been awarded
to Mr. C. B. Dalton, of New York City, and Mr. K. F. Murray,
of Norfolk, Va.

Science announces that a donor, who wishes to be anonymous,
has presented to the American Museum of Natural History the
collection exhibited by Messrs. Tiffany and Co. at the Paris

Exposition, consisting of American and foreign cut and uncut
;iecious stones and other objects. The value of the collecticn
1- estimated at over 50,000 dollars.

During the summer a station will be maintained on Lake
>iranac by the New York State Museum, for the study of
Hjuatic insects. The work will be under the direction of Dr.
Charles Needham.

The Scientific American states that a new species of petrel

lias been discovered on the Island of Kauai (Sandwich Islands)
l>y Mr. A. Searle, of the Stanford University. Mr. Searle is
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also reported to have found on the same island a new species of
seagull. He is about to go to Guam for the purpose of exploring
that island, and to make a collection of birds and fishes for the
Bishop Museum of Honolulu.

Excellent results have been obtained by the French
Government from experiments made with wireless telegraphy.

The Engineer ofJune 1 5 says that the demonstrations showed that

communication could be maintained, between ship and shore, to

a distance of about sixty miles with comparative ease, only the

height of the masts of the Government ship Utile preventing
longer distances being attained. In consequence of these

achievements the French Government have decided to equip
their Mediterranean Squadron with the necessary apparatus.

Wireless telegraphy stations are, by the instructions of the

Chief Signal Service Officer of the United States, to be esta-

blished in the harbour of San Francisco, in Porto Rico and the

Philippines.

Among the numerous congresses arranged to take place in

connection with the Paris Exposition, in addition to those

to which attention has already been called in these columns,
may be mentioned the following, dealing respectively with :

—

Automobiles, on July 9 ; medical electrology and radiology,

from July 27 to August I ; medicine, from August 2 to 9

;

physics, from August 6 to 11, and on the same dates, technical

and industrial education ; chemistry, from August 6 to II;

hygiene and demography, from August 10 to 17; hypnotism,
from August 12 to 15; electricity, from August 18 to 25;
prehistoric anthropology and archeology, from August 20 to 25 ;

ethnology, from August 26 to September l ; railroads, from

September 15 to 23 ; acetylene, from September 23 to 28.

It is satisfactory to find that the present troubles in South
Africa have not interfered with Museum progress in the larger

towns of Cape Colony. From the Report of the Committee of

the Albany Museum for 1899, we learn that it was expected the

new buildings would be ready for opening about July i.

A severe thunderstorm occurred in London on the 25th inst.,

accompanied by heavy rain and hail. The weather had been
very unsettled for some days, with gales on our exposed coasts.

On the evening of the 24th a storm area lay off the north-west

coast of Ireland ; this subsequently took a somewhat unusual
south-easterly direction. At 8 a.m. on the 25th the centre lay

over the Midland Counties, and next morning had traversed the

south-eastern part of the English Channel. The rainfall on the

24th and 25th amounted to about an inch in several parts of the

United Kingdom. The temperature continues low for the

season over the whole country.

Two specimens of the egg of the Great Auk were sold by
auction at Stevens's Rooms last week, and realised 315 and 180

guineas respectively. The more important of the two eggs is an
unrecorded one from a French collection, and is described as the

finest specimen known of a special type of marking. The
price just obtained for it establishes a record, 300 guineas

having, until this sale, been the highest amount ever received.

About seventy-five eggs of the Great Auk are known to be in

existence.

According to Science, the Millinery Merchants' Protective

Association of America has proposed to the various Audubon
Societies of the country to cease killing or buying any North
American birds, except such as are edible and killed in season,

if the societies will undertake not to interfere with the use of

the.se birds or with skins imported from countries not in North
America.
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The Pioneer Mail (Allahabad) of June I, 1900, has an in-

teresting article on the recent discoveries in the neighbourhood

of the previously identified birthplace of Buddha. Mr. W.
Peppe, owner of the Birdpur estate on the Nepal frontier, ex-

cavated in January 1898 a reliquary (stupa) of Buddha, and

found relics in a casket inscribed in characters not later than the

third, and possibly even of the fourth, century B.C. During

last winter Prof. Rhys Davids revisited the spot, and gave to the

Royal Asiatic Society at its meeting in April last the result of

his own local observations and examination of the relics, which
is that they have a very fair title to be considered genuine

remains of Buddha. These are stated to have been divided

after the cremation into eight portions, and distributed amongst
sections of the Sakya clan, which inhabited this region. The
relics themselves are fully described and illustrated in the Royal

Asiatic Society's Journai for July 1898, and further notices on
the subject are to be looked for in forthcoming numbers of the

same journal, and also (by Dr. Hoey) in the Journal of the

Asiatic Society of Bengal. It is hoped that the Government
of India may support Mr. Peppe in further excavations in this

evidently promising locality.

The Scientific American for June 9 gives the following

interesting particulars of a specially built train used on the

Baltimore and Ohio Railway in a series of experiments upon
the atmospheric resistance to railroad trains. The trial train

was made up of six passenger coaches, such as are used on
suburban service. They were provided with four-wheeled

trucks, 33-inch cast-iron wheels, and 3f-inch journals, and the

total weight, exclusive of engine and tender, was 325,500
pounds. In preparation for the test all external obstructions

were removed from the train. The roofs of the cars were
arched ; the windows set out flush with the sides of the

cars ; and the sheathing was laid lengthwise instead of per-

pendicularly as in other cars. The sheathing extended to

within eight inches of the track and covered the trucks.

Suitable openings permitted access to the axle boxes, and a

sliding door led into the substructure at opposite sides of the

car centre. When the cars were coupled, two diaphragms
met and enclosed the space between the cars, from edge to

edge of the roof line. The platform doors consisted of roller

curtains which dropped to the steps and were flush with the

sides. Flexible spring curtains completed the vestibule from
the roof to the bottom of the car. When the train was coupled

it presented the appearance of one long sinuous and flexible

car. The tender was of peculiar construction, and continued

the unbroken line from the engine cab to the baggage car, to

which it was vestibuled. In its entire construction the train

complied with the varied demands of practical operation.

While the plans called for partial sheathing of the locomotive, it

was decided to make the first tests with remodelled cars only,

in order to prove how far the existing system of car construction

is responsible for the atmospheric resistance of trains. The
sheathed train, consisting of six cars and hauled by an engine

weighing 57 tons, made the run of 40 miles from Baltimore to

Washington in 37 minutes and 30 seconds. One mile was made
in 40 seconds, and two miles in 81 seconds. From Beltville to

College, a distance of 4^ miles, the time was 3 minutes and 10

seconds, a sustained speed of 85 miles an hour. By far the

most remarkable run, however, was from Annapolis Junction to

Trinidad, a distance of 20'i miles in 15 minutes and 20 seconds,

at an average speed of 78*6 miles an hour. The first seven
miles of this run was up a grade fiom 25 to 55 feet to the mile,

and it was covered in a fraction over 6 minutes ; while the last

5 miles on the down grade from Alexander Junction to Trinidad
was covered in 2 minutes and 55 seconds, a speed of 102 8

miles an hour. The locomotive used has cylinders 20 x 24, with
four coupled 78-inch drivers. The boiler carried 165 pounds of
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steam. With ordinary firing the steam never dropped below
160 pounds during the entire run. The best time previously

made on the line was a few seconds less than 39 minutes, on
which occasion the train consisted of four Pullman cars hauled

by the company's fastest and most powerful passenger engine.

The Report of the Kew Observatory Committee for the year

1899 has been published in the Proceedings of the Royal Society

in the usual form. From January i last the Observatory was
incorporated with the National Physical Laboratory, and will

no doubt greatly extend its useful work. The Observatory

Committee, as hitherto constituted, has ceased to exist, but the

work of the Observatory will be carried on by the same staff as

heretofore. During the past year the magnetic work is said to

have been unusually onerous, as many colonial and foreign

institutions have sent their instruments to the Observatory to be

verified No very large magnetic disturbances were registered
;

the mean Westerly Declination was 16° 57'. The electrograph

has worked in a satisfactory manner during the year, and, with

the sanction of the Meteorological Council, the records for a

complete year have been lent to Mr. C. T. R. Wilson, of Cam-
bridge, for investigation. The verification of instruments of all

kinds amounted to over 22,000, a falling off of nearly 2400 as

compared with the work of the previous year. A seismograph

has been in regular operation during the year ; a disturbance

was particularly noticeable on September 10.

The dynamical principle of atmospheric circulation is treated

by Prof. V. Bjerknes in the Meteorologische Zeitschrift, 1900,

iii., iv. Starting with the property that the circulation theorems

of abstract hydrodynamics (according to which the circulation in

any circuit formed by the same particles is constant) only hold

good when the pressure is a function of the density alone. Prof.

Bjerknes points out that in the atmosphere this condition is not

satisfied owing to local differences both in the temperature and
in the degree of moisture present in the air. Of these two causes

the first seems to be the most important. The conception of
" solenoids " is then introduced, a solenoid being an elementary

unit tube bounded by pairs of consecutive surfaces of equal

volume and equal pressure respectively. The fundamental

proposition in connection with circulation asserts that the rate

of change of the circulation in any circuit is proportional to the

number of solenids enclosed by that circuit. A number of

diagrams are given representing the cases of land and sea

breezes, trade-winds, local upward currents, hill and valley

winds, cyclones and anticyclones. The omission to take ac-

count of the extra complications arising from viscosity and ter-

restrial rotation probably prevents these investigations from being

utilised for calculations in connection with weather prediction ;

and for this reason Prof. Bjerknes' theory must be rather re-

garded in the same light as other dynamical theories of physical

phenomena, in which certain simplifications not occurring in

nature are made in order to bring the calculations within the

range of mathematical analysis. But it is only by the aid of such

simplifications that order can be evolved out of the chaos of

statistics furnished by the experimentalist.

An account of the seismological observatory of Quarto, near

Florence, together with the observations of more than 170
earthquakes made during the meteoric year 1899 (November i,

1898-October 31, 1899), is published by the director, Mr.

D. R. Stiattesi, in the first BoUettim Sisinografico of the ob-

servatory. Through the generosity of Count G. Bastogi, of

Florence, this must be one of the most completely equipped

observatories in Italy. It contains two Vicentini microseismo-

graphs (one with a mass of 500 kg. and a length of 9-28 metres),

a pair of horizontal pendulums with mechanical registration, and

a pair of geodynamic levels, besides a large number of seismo-

scopes and tromometers, all of Italian design.
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In the June number of the Zoologist, Mr. A. H. Meiklejohn

raises the question as to the manner in which the cuckoo carries

her egg when about to deposit it in the nest of the bird selected

to act as foster-mother. It is commonly supposed that the egg

is carried in the beak, and in Prof. Newton's edition of " Yar-

rell " several instances are quoted where observers state they

have actually seen the modus operandi. Mr. Meiklejohn, who

was fortunate enough to observe a cuckoo in the act of deposit-

ing its egg in a robin's nest, is, however, of opinion that the

throat of the bird serves as the receptacle fur the egg. He states

that (i) the cuckoo was constantly opening her mouth during a

preliminary encounter with the robins ; (2) that the egg was cer-

tainly not laid in the ordinary way in the nest ; (3) that the egg

itself was slightly moist and sticky
; (4) that the throat of the bird

presented a slightly distended appearance, which might well

have been due to the presence of the egg. It will be interesting

to note what his fellow-ornithologists think of the auth ir's

e.xplanation of the mystery.

I.\ American laboratories it appears that the place of the com-

mon frog is largely taken by the furrowed salamander {Necturus

maculattts), which forms the general subject for anatomical in-

vestigation. Mr. W, S. Miller, assistant professor of anatomy

in the Wisconsin laboratory, has accordingly undertaken to

describe in detail the anatomy of this amphibian, and papers on

its lungs, vascular system and brain appear in the latest issue of

the Bulletin of the University. The author calls attention to

the great amount of individual variation which occurs in the

vascular system of Necturus.

In a communication to the latest issue of the Proceedings of

the Philadelphia Academy, Mr. Witmer Stone shows that the

various species of eider-duck, as well as the red-breasted mer-

ganser, have a " summer moulting plumage" analogous to that

assumed by the mallard after the breeding season. As in the

last-named species, this plumage lasts only during the time

when the birds are unable to fly, owing to the shedding of their

flight feathers, and its dull coloration is doubtless for the pur-

pose of rendering them as inconspicuous as possible during this

period. The author calls attention to the circumstance that

the feathers of this temporary dress, like those of the first

plumage of all birds, are very inferior in their structure. The
moulting plumage of the king-eider has hitherto been considered

as the ordinary dress of immature birds.

In a paper on mosquitoes, by Mr. W. R. Colledge, which

appears in vol. xv. of the P, oceedings of the Royal Society of

Queensland, the author states that he has succeeded in keeping

one of these insects alive for three weeks, and that Dr. J. Ban-

croft has had some in captivity for eighty or ninety days.

Probably their ordinary full term of existence is three months.

In cases where the application of kerosene is inconvenient, the

introduction of a few minnows into the ponds or pools in which
they breed will speedily lead to the destruction of the larvce and
pupae.

The origin and formation o. the Red Sea are discussed

in a brief article by M. A. Issel {Bull. Soc. Beige de Geol.,

tome xiii. April). Following Suess, he considers that the

lacustrine conditions of the Arabic depression (" Lacus
Arabicus ") were probably determined in late Miocene times.

He maintains that then, or early in Pliocene times, the Nile, a

mightier river than it now is, emptied its waters directly into

the great lake, the outlet being an immense waterfall. Even in

post-Pliocene times the Nile continued to send a portion of its

waters into the Red Sea, although it had meanwhile formed
new outlets into the Mediterranean area. Traces of this former

fluviatile connection are furnished in the actual faunas of the two
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seas. The opening of the Straits of Bab-el-Mandeb was caused

after a period of volcanic activity, the eruptions being succeeded

by subsidence and by erosion of the barrier which separated

the Red Sea from the Indian Ocean. It is remarked that the

opening of the Suez Canal has sensibly affected the distribution

of some forms of life.

In a paper on the fruiting of the blue flag, or Iris, published

in the May number of the American Naturalist, Prof. J. G.

Needham shows that, in addition to the bees by which they are

fertilised, the flowers of this plant are visited by a number of

insects of other kinds. The visits of these latter appear for the

most part to have been hitherto noticed ; and as many of these

illicit visitors are of no use for the purpose of fertilisation, the ill-

adapted ones are, according to the author, habitually deceived

by the flower itself as to its proper entrance. Of the various

visitors, two small bees of the genera Clisodon and Osmia were

thoroughly at home in the flower, alighting at the entrance and

passing immediately down the narrow passage leading into the

nectary, and as quickly emerging and flying off". On the other

hand, numerous kinds of Syrphid flies spent a much longer time

on the flower, which many of them visited only for pollen.

Other visitors were certain small flower-beetles and weevils,

which never by any chance succeeded in reaching the nectary.

Two interesting lectures by Prof. D. T. MacDougal, delivered

at the Woods Holl Marine Biological Laboratory, are reprinted

hom the Bulletin of the New York Bjtanic Garden. In his

address on the "Significance of Mycorhizas" a general sum-

mary is given of our present knowledge of the occurrence of

these organisms, both endotropic and ectotropic. All known

species of mycorhizal fungi are stated to belong to the families

Oomycetes, Pyrenomycetes, Hymenomycetes, and Gasteromy-

cetes ; and it is suggested that their further study and identification

may result in a considerable increase in our knowledge of the

physiology of vegetable life ; and that their culture may not be

without importance in the nutrition of a number of perennial

flowering plants. The lecture on the "Influence of inversions

of temperature, ascending and descending currents of air, upon

distribution " is devoted to an explanation of the distribution of

the flora in the United States, especially in the region of the

great cafions.

Appendix III. tor 1900 of the /Tew Bulletin of Miscellaneous

Information is entirely occupied with a list of the additions to

the Library of the Royal Botanic Gardens, made during the

year 1899

The West Indian Bulletin, vol. i. No. 3, published in

Barbados, contains the completion of the report on the papers

read at the Agricultural Conference held in that island, and 01

the discussions arising out of them.

The last two parts which have reached us of Engler's

BotamscheJahrbucher (vol. xxviii. Hefts I and 3) are occupied

entirely with the useful description and systematic papers which

form so conspicuous a character of the work. Among those re-

lating to flowering plants are the following, or instalments of

them :—Compositae of Ecuador, by Hieronymus ; The flora of

Central America, by Loesener ; Classification of the Caly-

ceraceae, by Reiche ; Revision of the genus Linnaea^ by

Graebner ; African Verbenacese, Borragineae, and Labiatae, by

Giirke ; Triplochiton, a new genus of Malvales from the

Cameroons, constituting the type of a new family, Triplo-

chitonaceffi, by Schumann ; Report of the botanical results of

the Nyassa Lake Expedition, by the Editor. Herr Hennings

and Dietel furnish respectively instalments of their papers on

the Fungi and on the Uredineae of Japan.
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We have received a number of papers by different officers of

the Observatory of Catania. Most of these we have noticed on

their first appearance. Among the others, we may mention a

valuable memoir, by Mr. S. Arcidiacono, on the eruptive period

of Etna from July 19 to August 5, 1899, in which he points out

the approximate coincidence of the great explosion on the former

day with the total cessation of the flow of lava in Vesuvius and

a strong earthquake in Latium, and also an interesting account

of the history of the observatories of Catania and Etna.

The Mittheilungen aus dem Roemer-Musetim, Hildesheim

'(No. II, April 19), includes a paper, by Mr. A. R. Grote, on

the phylogeny of the families of butterflies, with a genealogical

tree. It is a continuation and amplification of previous papers

on the same subject, published by the author in Germany
and America, and is mainly based on neuration. Like many
authors, Mr. Grote divides the butterflies into two main super-

families, Papilionides and Hesperiades ; but it will surprise

many entomologists to find that all the butterflies except the

true Papilionidre are referred to the Hesperiades.

A NEW journal has been started in Berlin, the first number of

which bears the title " Laboratorium et Museum," while in the

second number the words " et Clinicum " are added. The
journal is to be of an international character, and includes

articles and notes in English, French and German. The title of

the journal is sufficiently suggestive in itself of the contents,

which comprise descriptions of new apparatus and reagents,

methods of preparation, notices of new books, obituary notices,

and lists of trade catalogues, of which the publishers will send

copies on application.

Dr. Francesco Fossati has published in the Memorie
del R. Istituto Lombardo a bibliography of the writings of

Volta. Several such lis ts have already been published : one in

1813 by Prof. Configliachi, containing the titles of forty-four

works ; one in 1877 by Prof. Pietro Riccardi, containing sixty

titles; while the collection procured by Antinori in 1816 con-

tained sixty-seven writings. The present bibliography is partly

the outcome of a suggestion made by Prof. Alessandro Volta,

junr., at the Como Electrical Congress last year, and it contains

the titles of 231 writings.

In the current number of the Berichte (p. 1569) Baeyer and
Villiger describe some of the properties of the new hydride of

ber.zoylsuperoxide, CgHjCO O.OII. The substance is obtained

by the action of sodium ethylate upon benzoylsuperoxide,

CfllljCO. O. O. CO. C«H., + NaOC ^Hg = CeHgCO. O.ONa +
CeHgCO.OCoHg.

The sodium salt of the new compound is formed together with

ethyl benzoate. The ethyl benzoate is removed with ether, and
the hydride of benzylsuperoxide separated by acidifying and
extracting with chloroform. On distilling the chloroform, the

hydride remains as a colourless crystalline mass, which
melts at 41-43°. It is very soluble in the ordinary solvents,

with the exception of benzene. The smell is penetrating and
pungent, resembling, in the dilute state, hypochlorous acid,

but not ozone. In its oxidising action on potassium iodide or

aniline, and in its reducing action on permanganate, it stands
midway between hydrogen peroxide and Caro's reagent (potass-

ium persulphate dissolved in concentrated sulphuric acid).

With benzoyl chloride it forms benzoylsuperoxide ; with acetic

anhydride, benzoylacetylsuperoxide. The oxidation of benzalde-

hyde to benzoic acid by exposure to air is shown to be due to

he agency of this new compound,

C6H5COH4-02 = C6H5CO.O.OH
CgHsCO O.OH-hC6H3COH = 2CfiIl5.COOH,

which is formed as an intermediate product.
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The additions to the Zoological Society's Gardens during the

past week include a Smooth-headed Capuchin [Cebus monachus)

from South-east Brazil, presented by Mr. F. Wallace ; an Indian

Desert Fox [Canis leucopus) from Persia, presented by Captain

D. J. Leiper ; a Small Hill Mynah {Gracula reli^iosa) horn

India, presented by Captain R. York Heriz, R.N. ; two Yellow-

bellied Liothrix {Liothrix licteus) from India, presented by
Miss Petrocochino ; a Cockateel {Calopsitlacus novae hollandiae)

from Australia, presented by Mrs. Harry Blades ; four Ring-

necked Parrakeets (Palaeornis torqtiatus) from India, presented

by Mr. J. M. G. Bate; three Chaplain Crows {Corvus capel-

lanus) from Southern Persia, presented by Mr. B. T. Ffinch

;

two Green Lizards {Lacerta viridis), four Viperine Snakes

{Tropidonotus vipevinus), a Smooth Snake {Coronella aiistriaca),

two Marbled Newts (Molge marinorata), European, presented

by the Rev. F- W. Haines ; an Ourang-outang {Simia

satyrits, i ) from Borneo, five Mole Rats {Spalax sp. inc.)

from East Africa, a Grey Parrot {Psitlacus erithacus) from West
Africa, a Yellow-cheeked Amazon {Chrysotis autumnalis) from

Honduras, nine Mountain Witch Ground Doves {Geotrygon

cristata) from Jamaica, a Hocheur Monkey {Cercopiihectis

nictitans) from West Africa, seven Brazilian Tortoises {Tesludo

tabulata) from South America, five American Box Tortoises

{Cistudo Carolina) from North America, deposited; two Peba

Armadillos {Tatusia peba) from South America ; three Spotted

Owls (Athene braina) from Madras ; three White-throated

Finches [Spennophila albogtdaris) from Brazil, a Thick- billed

Seed Finch (Oryzoborus crassiroslris) from South America, a

White-eared Conure {Pyrrhura lencotis) from Brazil, a Logger-

head Turtle {Thalassochelys caretta) from the Tropical Seas,

purchased; two Burrhel Wild Sheep {Ovis burrhel), a Thar
{Heini/ragus enlaicus), born in the Gardens ; two Pied Mynahs
{Sturnopaslor contra), bred in the Gardens.

OUR ASTRONOMICAL COLUMN.
Astronomical Occurrences in July.

July 3. 8h. om. to 9h. iim. B.A.C. 4006 (mag. 57) occulted

by the moon.
4. ih. Mercury at greatest elongation (26^ 2' east).

5. Jupiter in conjunction with ti Scorpii.

8. iih. 24m. to iih. 54m. S Scorpii (mag. 2'5) occulted

by the moon.
8. I3h. Jupiter 1° 35' north of the moon.
9. loh. 50m. toi2h. 2m. 24 Ophiuchi (mag. 5 6) occulted

by the moon.
9. Pallas in opposition to the sun.

ID. loh. i8m. to iih. lom. 33 Sagittarii (mag. 6'0)

occulted by the moon.
ID. I2h. 19m. to I3h. i8m. ^- Sagittarii (mag. 3'5) oc-

culted by the moon.
10. i6h. Saturn 0° 48' south of the moon.
14. 9h. 43m. to loh. 17m. c^ Capricorni (mag. 5*2) oc-

culted by the moon.
15. Venus. Illuminated portion of disc, = 0"0i8. Mars

= 0948.
15. 8h. 29m. to 9h. 2im. k Aquarii (mag. 55) occulted

by the moon.
15. loh. iim. Minimum of Algol (/3 Persei).

16. iih. 3m. iih. 42m. 16 Piscium (mag. 5-6) occulted

by the moon.
21. I3h. 2m. to I3h. 52m. 53 Tauri (mag. 5-5) occulted

by the moon.
21. I4h. 53m. to I5h. 12m. D.M. -f 20", 751 (mag. 5-9)

occulted by the moon.
25. Giacobini's comet situated close to a Cygni.
28. Epoch of the Aquarid meteoric shower (Radiant

340° - 12°).

31. Ceres in opposition to the sun.

The Next Total Eclipse of the Sun.—We have re-

cently received Nautical Almanac Circular No. 18, issued

under the superintendence of Dr. Downing. This pamphlet
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contains the local particulars of the next total eclipse of the sun,

which takes place on May 17, 1901. From inquiries which
have been made, it appears that the positions selected in the

eastern portion of the shadow tiack are those which are most
easily accessible. These are all situated in the Malay Archipe-

lago, with the exception of Mauritius. The durations of totality

at the various stations recommended are as follow :

—

Station. Long. Lat.

Duration of
Totality.

Mauritius 57 33-2 E. ... 20 6 S. ... 3 35
Padang, Sumatra ... loo 20*5 ... o 58 ... 6 14
Pontianak, Borneo 109 20 ... 01 ... 5 40
Fort Victoria, Am-
boyna 128 11 ... 3 41 ... 4 15

Port Moresby, New
Guinea ... .. 147 9 ... 9 28 ... 3 19

The elements on which the computations are based are those

published in \\\& Nautical Almanac for 1901. A map of the

region is included in the circular, by the aid of which other

stations than those specified may be selected if desired.

Ancient Records of Meteor Showers.—In his report

for the year 1899, M- ^- Eginitis, director of the Athens
Observatory, gives a short account of some ancient records of

meteor showers which appear to be suggestively consistent with
the constants of several conspicuous showers of present times.

A shower was mentioned by the patriarch Nicephore as lasting

all night, but no exact date is given. From the historical state-

ments given, however, M. Eginitis traces the epoch as the
autumn of the year 752. This would suggest it being a shower
of Andromedes, and, in fact, counting from the conspicuous
falls of Bielids in 1852, 1872 and 1892, the twenty years
interval corresponding to three periods of the comet, it is seen
that the year 752 would be in such a series. He thus considers
this apparition of 752 to have been a Bielid shower of Andro-
medes.
Seven years previously to this, in 745, the appearance of a

great comet was recorded by Theophane and Cedrinos.
It may be, however, that the showers of 1852 and later are not

from the same swarm as the shower of 752, but that they are
the products of slow but continual disintegration of the comet.
Another passage in Cedrinos describes a shower in 558, also

occurring in the autumn. Apparently connected with this is

the observation of a comet in 518, the interval being almost six

times the periodic time of Biela's comet, so that here there
would appear evidence of a second series of showers, connected
with Biela's comet by similarity of period, but occurring at
different epochs from the first series mentioned. The modern
showers of 179S and 1838 would fall in this second group.
Theophane in 763 and Domno Alberico in 1122 record falls

of shooting stars in the month of April, and these would corre-
spond to the present showers of Lyrid meteors.
A shower chronicled in April 1094 by Alberico cannot be at

present connected with any known radiant.

A MODERN UNIVERSITY.^
II.

'J^HE constitution of the new University of Birmingham is on
the simplest and broadest lines, and appears to offer scope

or great developments in the future, some of which can hardly
be foreseen at the present time.
The movement for the foundation of a university arose out of

the Mason Science College, founded by Sir Josiah Mason in
1875, just a quarter of a century ago ; though it was not till five
years later that the college was open to receive students. In
1892 an amalgamation was effected with the Queen's College
Faculty of Medicine, and in 1897 the whole was incorporated as
one body under the Mason University College Act. The Senate
consists of twenty-seven members, and there are a large number
of lecturers and demonstrators ; but that it should have already
developed into a university is a very remarkable fact, and a
sign of great enterprise and energy on the part of the community
among which the college has done its work ; indeed, it is un-
likely that this rapid development could have taken place unless
It had been fortunate enough to secure the interest and personal
influence of a prominent Minister of the Crown.

' Continued from p.
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The Faculties of the University already provided for are

science, arts, medicine and commerce, but provision is made
for the addition of other faculties by Statute later on. Each
faculty holds its own meetings, and is presided over by its

elected dean.

The assemblage 01 professors constitutes the ** Senate," as

usual. The " Council," or acting governing body under the
Court, consists of the deans of the faculties, five nominees of the

Birmingham City Council, twelve members appointed by the

Court of Governors, and lastly of the chief officials of the

University, i.e. the Chancellor, the Vice-chancellor, the Pro-

Vice-Chancellor, the Treasurer, the Principal, and the Vice-

Principal. The Court of Governors is a very widely repre-

sentative body, consisting of all the chief officials in the neigh-

bourhood of Birmingham, the head-masters of the principal

schools, ten of the Members of Parliament for the boroughs and
counties in the Midland district, a nominee of each of the other
English Universities (including the University of Wales), a
member from each of the Midland County Councils, five nomi-
nees by the Birmingham City Council, certain named life

governors and donors of certain sums, all the professors of the
University, six persons elected by the Guild of Graduates, three

by the Guild of Undergraduates, and eleven members appointed
by the voluntary elementary schools of the neighbourhood.

It is hardly possible to imagine a wider basis of representation
than the one adopted for the Court of Governors of this.

University.

Among the executive officers there is to be a Secretary, and
also a Registrar appointed by the Council ; the Vice-Principal and
one of the deans, i.e. the Dean of the Faculty of Medicine, are
likewi.se to be appointed by the Council. There is to be a
Principal appointed by the Crown ; there is also to be a Vice-
Chancellor elected by the Court of Governors, and there is

to be a Chancellor ; the first Chancellor being the Right Hon.
Joseph Chamberlain, and the first Vice- Principal Prof. R. S.
Heath.
Concerning the objects to which all this machinery will be

applied, no doubt a good deal will at the beginning ba conducted
on lines with which we are more or less familiar, though there

appears to be no desire to imitate other universities, but rather
a hope that it may be possible to strike out on a new line, and
develop a broad system of national education suited to modern
times, and to the practical requirements of life in an active city

of the British Empire.
To this end a committee of inquiry was formed, and a depu-

tation sent to various colleges and universities, chiefly in the
United States and Canada, in order to study what was going on
there. This body reported to the management committee con-
nected with the establishment of the University of Birmingham,
and their report constitutes an important and informing docu-
ment. In it they say that :

—

" Their object has b;en the teaching of science in its appli-

cation to industry, and in the first place to the industries of the

city and district, coupled with such technical instruction in

handicrafts as will enable the students to complete their course
in the university itself."

They classify the industries of the district as follows :—mining,,

metallurgy, engineering, and chemical trades, and no n-metallic

trades.

They recommend that there shall be chairs of mining,
metallurgy, engineering, and applied chemistry. They further

recommend that the' students should be put through a very
thorough course, consisting largely no doubt of a study of
mathematics, physics, pure chemistry, and geology, as taught

at present, but finishing with a specifically technical course,,

making it four years in all. A shorter course would likewise be
permissible, but it appears would not lead to a degree.

They say the students should be divided into two classes,

viz. :

—

(i) " Those taking a four-years' course in mechanical (includ-

ing electrical), civil or mining engineering, metallurgy or

applied chemistry, who would .study for a master's degree in

their respective subjects. At the conclusion of this course
facilities would be offered for further study and research to those
who could give the time or should wish to proceed to the

doctor's degree."

(2) " Those taking a course of from one to three years in any
of the above subjects, with a view to the practical application

of the teaching to a particular industry. With such students,

less time could be devoted to theory, as attention would have to
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V.e concentrated on methods and results. Their work in these

courses would be recognised by class certificates."

In addition to the professor of each technical subject there

will be an assistant-professor and several instructors, each

competent in a particular branch.

They indicate a block plan for the buildings required, their

size and their suggested arrangement. These plans suppose a

front of two storeys, containing the lecture rooms, library,

museum, &c., and at the back a series of blocks, all on the

ground floor, and intended for the various laboratories and

workrooms which have been described in the report. These

could be built to provide accommodation in the first instance for

200 day students, increasing afterwards to 500.

'•The space occupied by these buildings, including the

necessary yards and roads, a gymnasium, a director's house, and
rooms for a caretaker, is about six acres. In view of the future

of the university, a total area of not less than twenty-five acres

should be provided.

"

The committee recommend that this land be taken in the

outskirts of the city on a main line of, by preference, both rail

and road, and they estimate the complete cost as follows :

—

Twenty-five acres of land and buildings ... 80,000/.

Machinery, apparatus, and instruments ... 66,000

Fittings, utensils, lighting, and heating ... 5,000
Technical library i)500

Museum 500
Director's house ... ... ... ... 2,000

Total ... 155,000/.

They estimate the cost of maintenance (including the staff) at

10,450/. per annum.
Thus the scheme is a very large one, but it is estimated that

the fees from students will ultimately do a good deal towards
covering the cost of maintenance.

The committee do not advise night classes, and in this we
think they are wise ; they consider that the already existing

municipal technical school either does provide or might provide

for the need these night classes are intended to meet, and they

are sure that the curriculum they propose will absorb all the

energies of the teaching stafif when employed in the daytime
only. They do not clearly indicate the training they propose for

mining engineers, but for mechanical, electrical, and civil, they

draw up a course the same in the first two years ; in the third

year the mechanical and electrical branch off on the one hand,

and the civil on the other, while in the fourth year there is

more specialisation, but not much distinction drawn even then
between mechanical and electrical.

So far, the lines indicated are not very different from what
is becoming customary, but they propose to attempt a Faculty of

Commerce. Now the establishment of a great commercial
school on serious lines is a new experiment, and has not yet been
successfully tried anywhere. They propose a capital expendi-

ture of 6000/. on class-room accommodation, together with books
and apparatus, and an annual expenditure of 2200/. on a

professor, an assistant professor, an instructor, and some special

lecturers. We think that they will find that the addition of

certain other chairs will be essential if a commercial faculty is

to take its proper position, especially political economy and
geography, probably law also. We do not see that any provision

has been made for these three subjects. We regard a thorough
course in political economy as essential to the well-being of a

commercial faculty ; and geography, treated completely, we
regard as a much more important subject than the committee at

present seem to realise.

The advisory committee enter further into the difficult question

of commercial education. They say that modern languages
should be learnt when quite young ; which indeed is very true,

but it seems to us a counsel of perfection. In practice we feel

sure that modern languages would certainly have to form a con-
siderable part of a scheme for commercial education.

Commercial arithmetic, they say, does not go far enough
;

and that also is extremely probable ; but a training in elemen-
tary mathematics, beyond the immediately practical stage,

would be of great advantage to the commercial man in many
indirect ways.

As to geography, the committee think that the information is

best obtained as wanted from books of reference and consulta-

tion with one of the touring agencies ; but in this we entirely
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differ from them. To make proper use of books of reference
some previous knowledge of the subject is necessary ; and the
earth, especially the portion accessible to trade, is not so big but
that an adequate knowledge concerning its chief features should
be acquired and possessed by a competent man of business,
without having to refer constantly to others.

The committee, however, go on to recommend that, in addi-
tion to these things, instruction shall be provided in business
organisation, the theory and principles of trade unions, associa-

tions, trusts, combinations and rings ; that instruction shall be
given in commercial law, likewise in accountancy, in shipping
and railway practice, and in banking and exchange ; and they
say very wisely that " such knowledge as the foregoing is what
is required in business, and is usually only learnt bit by bit at

a heavy cost, so that the man of business has generally reached
the limits of his working life before he has completed his com-
mercial education, and owing to the want of a codified system
business men continue from generation to generation to renew
the mistakes of their predecessors, and to repeat their experi-

ments, and after much tribulation to re-arrive at their methods,
their rules and their conclusions."

They further indicate that this commercial education is not to

be taken as a substitute for a more general education, but is to

be a supplement to it. They say, " Students in the commercial
education course should not be allowed to enter at too early an
age. Twenty is quite early enough ; and it would be most de-

sirable that they should have taken a degree in Arts before

studying for the commercial degree, and certainly the highest

commercial degree should only be given to those already in

possession of an Arts degree."

They hope (again in this case) that the fees from students may
make it largely self-supporting, but we incline to think that

they estimate the fees from students too highly. If they fix the

fee for each student at 50/. a year, we fear that the expense will

exclude a considerable number of those who might otherwise

derive special benefit from the course proposed.

They realise that this attempt at a thorough commercial
education is a new experiment, and one which, if successful,

may have most important consequences on the commercial
future of the country, and they conclude as follows :

—

"There is no instance elsewhere of any course at once so

complete and so valuable ; there is not even, so far as your
committee know, any university in the United Kingdom where
there is a separate Faculty of Commerce, and as there

has not yet been any effort to treat the subject with the

thoroughness now proposed, so there is no means of estimating

the extent to which advantage would be taken of such teaching.

Your committee, however, point to the fact that a Faculty of

Commerce so organised and based on the actualities of business

experience, would at the present moment stand alone, and
would therefore attract to the Birmingham University all who
feel the need of such an education, and would also to a much
greater extent create a new demand."

There is no doubt, however, that the Arts Faculty in general

requires strengthening in many ways, the addition of new chairs

being one of them ; and unless this is done as soon as opportunity

offers, the scientific and technical training proposed will not

acquire its proper university status. The training of the

students must not be limited to their immediate fancied needs
;

neither students nor their jiarents are the best judges of what is

in the long run really desirable. A much broader training

must be given in the university of the future than has been
given in the university of the past. Depth without breadth

has been the feature of some Honours schools ; shallowness with

athletics has been the feature of some Pass schools. The
university of the future must mend all this, and secure that all

its graduates without exception have had a broad training in

many subjects—subjects lying indifferent departments of human
knowledge ; so that they may be really educated and not

merely informed. As to the depth possible, that will vary with

individual powers, and the standard must not be made impossible

for the average man ; but to give the average man a training in

some highly specialised practical department, and then turn

him out on the world as a university gradua'e, is not what we
expect or hope for from the new university. Such students there

will be, doubtless, and they may well receive special diplomas
each in his own branch, but they should not be graduates.

Some other students there will be, who, in addition to a

broad and liberal culture, have the power of going deeply into

some one sub'ect, and these should receive degrees with honour ;
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but both these classes will be exceptional. For the average

man a broad training in many subjects, well taught and under
the most favourable conditions, is what is wanted, in order to

leave him adaptable and efficient in the subsequent uncertain

calls of actual life ; and such men should constitute the bulk of

the pass graduates, and be the backlxjne of the new scheme.

Annexed to the report is an account of the visit of the

committee's deputation to American and Canadian Universities,

and the information thus obtained and summarised is of the

greatest interest and importance.

A deputation of the Advisory Committee of the University of

Birmingham paid a visit to colleges and universities in the

United States and Canada at the end of last year, on the sugges-

tion of Mr. Carnegie, who, it is understood, is willing to provide

a good round sum for the establishment of an adequate scientific

and technical college on this side of the Atlantic. An appendix
to the committee's report contains a statement of the condition

of affairs which they found in America.
They find that "almost the whole of the students enter on a

full four-year course of instruction with a view to graduation.

The student on entrance is required either to pass an examina-
tion or to present satisfectory evidence that he is qualified to

lake up the course on which he enters. The entrance examina-
tion is not very different, as a rule, from the matriculation

examination of the University of London. It is more advanced
in mathematics, but probably easier on the literary side."

The working session ranges between thirty-three and thirty-

eight weeks ; but outside this there are summer excursion classes,

and summer workshop classes usually of about one month.
One remarkable difference they find in the system of

lecturing. With us, college lectures form a connected course,

almost dispensing with the necessity of a text-book, except for

supplementing and extending information. It has often seemed
to us that such lectures are perfectly right if the student already
partially knows the subject ; it then systematises and organises

and more firmly impresses his knowledge ; but if, as too often

happens, a student comes to the lecture-room ignorant of the
subject, he cannot derive proper benefit from a course of
lectures ; he cannot discriminate between the essential and the
comparatively unessential ; he cannot without practice watch
experiments and take notes at the same time ; he cannot always
keep his attention fixed : we have noticed that students who
have recently been to a British secondary school, one of the large

public schools or indeed any other, cannot as a rule keep their

attention long fixed on anything. There are exceptional
students, and there are exceptional schools ; but as a rule what
they chiefly learn in class work at school is a habit of inattention
to what is going on, the average procedure in class being too
slow for the quicker boys, too rapid for the slower ones, and too
dull for all. This habit of inattention, once firmly acquired,
remains with them through the first year and sometimes through
the second year of their college life, and they are all the time a
perfect curse to any who wish to get on, and who are becoming
of an age to realise some of the responsibilities and opportunities
of life.

For the college lectures in America it would appear that " a
large amount of home preparation and work is required. The
student is expected to read up in a text-book the subject
matter of the lectures beforehand, the lectures in many cases
consisting of exposition and experimental illustration of the text-

book. Recitation classes are held in connection with each
lecture, in which individual students are questioned on the text-

book or lectures, or asked to demonstrate on the blackboard
before the rest of the class."

Literary studies are not wholly neglected by the students of
science, nor is attention to them confined to the needs of the
entrance examination. In addition to the requirements of the
entrance examination in languages, grammar, and history, a
certain amount of lime is given by the science students, especially
in the first two years, to what appear to be often called " culture
subjects," such as literature, composition and rhetoric, history,
political economy, French and German.

But the most important and much-to-be-imitated portion of the
system adopted in America, is that whereby the credit given for
work does not depend solely on a concluding examination, but
is tnade really to represent the aggregate work of the whole
session. There is a Paper examination, and that is quite right,
for it is eminently desirable that a student should be able to
express what he knows accurately and on demand. Quite half
the credit ought to be awarded to this faculty, but not all ; the
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remaining half should be awarded for work in class-room and
laboratory.

In the Slates there are no practical examinations as with us.

Proficiency in laboratory work is accredited by assigning marks
for attendance and for excellence of laboratory and manual work
throughout the session. We believe that this system is very

successfully in force at such places as the City Guilds Central
Technical College at South Kensington, but we have not yet

heard of its much to be desired introduction into universities in

this country. There is no doubt that it would have the best

effect on both student and demonstrator ; and it would have the

further advantage that the troublesome practical examinations,

especially those in the senior stage, when they become rather

farcical, could be dispensed with.

Another desirable innovation is thus expressed :
—"The right

of dismissal at any stage is maintained and used. Any student
who shows that he is unable or unwilling to keep up with the
work is excluded by the Faculty from the graduation course.

He may be allowed to take on special courses, but usually he is

dismissed from the institution. The system has been devised to

keep, and succeeds in keeping, the students continuously at work,
and the result of the process of exclusion in the earlier stages is

that nearly the whole of the final classes are successful in

graduating."

One of the most important arrangements in America is the
large provision made at some of the institutions for post-graduate
work Only a small proportion of students are able to spare
time for it, but it is encouraged by affording every facility for

study and research to the post-graduate ; and graduates from one
institution frequently work as post-graduates at another. This
system of interchange between universities, which already ob-
tains largely in GermatTy, is surely to be desired in this country,
especially in post-graduate stages, where specialisation naturally
and properly sets in.

Over-specialisation in undergraduate stages is, we believe, to
be deprecated. A certain amount of general knowledge, both
literary and scientific, is needed, and should be acquired by all.

The committee found that in America the proportion of staflF

to students is much greater than with us ; and they further found
—what is a matter of great importance—that the subdivision of
subjects is, as in Germany, likewise carried much further ; so
that, for instance, every important branch of engineering has its

own professor, with perhaps an assistant professor, and certainly
with instructors ; and no attempt is made, as with us, to place
the whole of a gigantic scientific subject in its higher stages
under the control of one man.
We observe that in the fundamental subjects of chemistry and

physics the general laboratory arrangements and the scope of
teaching appear to be much the same in America as in this

country. The laboratories are, however, as a rule more
spacious, the equipment in apparatus is on a larger scale, greater
facilities are given for research, and the size of the laboratories
allows most of the physical apparatus to be kept in position—
different rooms being used for different subjects. In the more
important laboratories many rooms are provided for original re-

search, which is carried on by the staff and post-graduate
students. At Cornell there is a special laboratory for physical
chemistry. .A.t several colleges there is a department of applied
chemistry, through which all students pass who are graduating
in chemistry. This is excellent, and tends to make the know-
ledge much more real and practical. Chemicals are made, in-

stead of being merely purchased; "the course is short, and
generally consists in the production of pure chemicals from com-
mercial articles on a scale in which many kilogrammes are dealt
with. The processes are made to resemble, as far as possible,

those of manufacturing practice."

In civil engineering we observe that " the work in surveying
is very thorough, and includes field work throughout the year,
together with a summer course. There is usually an extensive
stock of theodolites, levels, and chains, so that each student in

the field has his own instrument. During the two last years
particular attention is devoted to bridge construction, the
student preparing complete drawings and stress sheets in ac-

cordance with the practice of the leading railway companies."
Less hostile feeling to academically bred apprentices would be

felt in this country if these practical features could be imitated.

In mining engineering, a summer excursion class is sometimes
formed to spend some weeks in a mining district, where facili-

ties are given to inspect the actual processes of mining.
Great importance is a.ssigned to engineering- laboratory work.
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and the whole ground of the engineering lectures is provided

for in the equipment of the laboratories. The machines are large

in number and in capacity, so that every student performs ex-

periments on an adequate scale. The work is chiefly pursued in

the third and fourth years, and occupies from four to six hours

weekly. In some laboratories there are full-size locomotives

mounted, so that running tests can be made, and special courses

are arranged for those who wish to take up the mechanical side

of railway practice. Facilities are given by the railroad com-

panies for testing under the conditions of actual running.

The shops gave the impression of being thoroughly practi-

cal, and on such a scale that the knowledge acquired there by

the student would be of use in his subsequent professional life.

The greater size of the Continent is, perhaps, partially re-

sponsible for the following paragraph in the committee's report,

although really if education were properly appreciated in this

country, our island is large enough for us to follow the ex-

ample. The paragraph we refer to looks very attractive to

those whose woik in this country lies in colleges cramped in the

middle of great cities. It runs as follows :—
"We were very much struck with the amount of ground

occupied by the colleges, each building standing in its own
grounds, so that it is well lighted on every side. Usually there

is a large entrance hall, a fine staircase, and wide corridors lead-

ing to class-rooms and laboratories. The floor space in the

laboratories is generally very much greater than with us. The
apparatus, instead of being huddled away in dark corners, is set

out and classified as if for exhibition, jvvhile the machinery

occupies a space worthy of its imp(5rtance."

We observe also that every college possesses departmental

libraries and reading-rooms available for the students, in addi-

tion to the large central library and read?ig-room.

The social aspect of university life is hot forgotten, and the

following glorified edition of a student's union is well worthy of

imitation :

—

" The University of Pennsylvania at Philadelphia possesses in

Houston Hall a fine building given to the University by an old

graduate, in memory of his son, who was also a graduate. It is

a club-house for the students, any student becoming a member
for two dollars per annum. In the building are reading, billiard

and smoking rooms, a luncheon-room, a gymnasium, a swim-
ming bath, and rooms for college societies. The hall is

entirely and very well managed by the students. It is re-

garded by the stafif as having a most excellent influence on
student life."

In concluding this part of the general report of their American
visit, the committee make a well-deserved comment, which we
will presently quote, for nothing more splendid in the direction

of educational endowment has been seen in our times than the

magnificent 5ums which wealthy American citizens are willing

to place at the disposal of university authorities. They do, in-

deed, realise, as we do not, or at least have not yet, the immense,
the super-eminent, importance of real education and knowledge,

to a country and an empire which has to hold its own against

ever-increasing competition, and constantly to make its way in

fresh uncivilised regions. The following are the concluding

general remarks :

—

"We desire to express cur admiration alike for the high

ideal of scientific education, which is the aim in American uni-

versities, and for the enthusiasm in all classes which renders it

possible to approach so near that ideal. Everywhere we found

evidence that the wealthier citizens realise the importance of

university education, and encourage the universities by generous

gifts ; and everj where, both by teachers and by students, these

gifts are being used for higher learning and research."

THIRD INTERNATIONAL CONFERENCE ON
A CATALOGUE OF SCIENTIFIC LITERA-
TURE, LONDON, JUNE 1900.

List of Delegates Appointed to Attend the
Conference.

Austria.— Prof. E. Weiss (Kaiserliche Akademie der Wissen-

schaften, Vienna) ; Prof. Karl Toldt (Universitat, Vienna).

France.— Prot. G. Daiboux (Membrede I'lnstitut de France)

;

Dr. J. Deniker (Bibliothecaire du Museum d'Histoire Naturelle,

Paris) ; Prof. H. Poincare (Membre de I'lnstitut de France).

Germany.— VioL Dr. F. Klein (Geheimer Regierungs-Rath,
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Universitat, Gottingen) ; Prof. Dr. B. Schwalbe (Direktor,

Real-Gymnasium, Berlin) ; Dr. F. Milkau (Oberbibliothekar,

Universitat, Berlin).

Greece.—Mons. de Metaxas (Charge d'Afifaires for Greece).

Hungary.—Dr. August Heller (Bibliothekar, Ungarische
Akademie, Buda-Pesth) ; Dr. Theodore Duka (Hon. Member
of the Hungarian Academy of Sciences).

Jtaiy.— Prof. Giacomo Ciamician (R. Universita, Bologna);
Prof. Raffaelo Nasini (R. Universiia, Padua).

Japan.—Prof. Einosuke Yamaguchi (Imperial University of

Kioto).

Mexico.—Sefior Don Francisco del Paso y Troncoso.

Norway.—Dr. JiJrgen Brunchorst (Secretary, Bergenske
Museum).

Swiizerlanc.—Dr. Jean Henri Graf (President, Commission
de la Bibliotheque Nationale Suisse, Berne) ; Dr. Jean Ber-

noulli (Librarian, Bibliotheque Nationale Suisse, Berne).

UnitedKingdom.—Representing the Government : The Right

Hon. Sir John E. Gorst, Q.C., M.P., F.R.S. (Vice-President

of the Committee of Council on Education). Representing the

Royal Society of London : Sir Michael Foster, K.C.B.,Sec. R.S.

;

Prof. Arthur W. Rticker, Sec. R.S. ; Prof. H. E. Arm-
strong, F.R.S. ; Sir J. Norman Lockyer, K.C.B., F.R.S. ;

Dr. Ludwig Mond, F.R.S. ; Dr. T. E. Thorpe, For. Sec.R S.

Cafe Colony.—^u David Gill, K.C.B., F.R.S. ; Roland
Trimen, Esq., F.R.S.

/wa'za.—Lieut. -General Sir Richard Strachey, G.C.S.I.,

F.R.S. ; Dr. W. T. Blanford, F.R.S,
NalaL—Sn Walter Peace, K.C.M.G. (Agent-General for

Natal).

New Zealand.—The. Hon. W\ P. Reeves (Agent-General for

New Zealand).

Queensland.—The. Hon. Sir Horace Tozer, K.C. M.G. (Agent-

General for Queensland).
Acta.

Opening Meeting, Tuesday, June 12, at the rooms of the Society

of A7itiqtiaries, at lo dclock.

(i) Prof. Darboux moved that Sir John E. Gorst be the

President of the Conference. The motion having been carried

unanimously—
(2) Sir John Gorst took the chair and welcomed the

delegates.

(3) On the motion of Sir M. Foster, seconded by Prof.

Darboux, it was resolved that Dr. F. Milkau be the secretary

for the German language ; that Dr. Jean Bernoulli and Dr. J.

Deniker be the secretaries for the French language ; that Prof.

Giacomo Ciamician be the secretary for the Italian language ;

that Prof. H. E. Armstrong be the secretary for the English

language.

(4) That the secretaries, with the help of shorthand reporters,

be responsible for the prochs verbal of the proceedings of the

Conference in their respective languages.

(5) Sir Michael Foster read out the names of delegates

appointed to attend the Conference.

^6) On the motion of Sir Michael Foster, it was resolved—
(i.) That the meeting adjourn at I p m., and meet again at

2. 30 p m. ;
(ii ) that on W^ednesday, the meeting commence

at II a.m.

(7) On the motion of Sir Michael Foster, seconded by Prof.

Rllcker, it was resolved that English, French, German and

Italian be the official languages ot the Conference, but that it

shall be open for any delegate to address the Conference in any

other language, provided that be supplies for the/waV verbal oi

the Conference, a written translation of his remarks into one or

other of the official languages.

(8) Sir Michael Foster presented the Report of the Provisional

International Committee, and it was resolved that the report be

received.
•

x t.
(9) The following resolutions were then agreed to :— (1.) That

the publication of a card catalogue be postponed for the present

;

(ii.) that the book catalogue be at first issued only in the form of

annual volumes.

(10) Sir Michael Foster having moved (iii.) that the catalogue

include both an authors' and a subject index, according to

the scheme of the [Provisional International Committee

;

Prof. Ritcker thereupon explained the financial position, and

the delegates of the various countries stated to what extent they

were authorised to promise contributions towards the expenses

of the catalogue. From these statements it appeared that sub-

scriptions to 163 sets of volumes (or their equivalent) of the
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catalogue, to the value of ;f2,771, would be Ruaranteed, viz. as

follows :

—

Germany 45 sets equivalent to 765
United Kingdom 45 ,, ,, ,, 7^5
France 35 ,, „ ,, 595
Italy 27 „ ,, ,,459
Switzerland 6 ,, ,, ,, 102

Norway 5 »» " »> ^5

Other delegates estimated that the probable contributions

from their countries would be :

—

Austria ... . ... 16 sets equivalent to 272
Hungary 4 ,. ,, ,,68
Japan 5 „ >, ,,85
Mexico 5 ,, ,, ,, 85

It was further estimated that the British Colonies and De-

pendencies would subscribe for at least 25 sets, equivalent to

425/. Taking into account the subscriptions to be expected

from the United States, Russia, Holland, Sweden, and a number
of other countries, as well as the probability of outside sales, the

Conference was of opinion that the necessary subscriptions to

cover the cost of 300 sets of the catalogue would be obtained.

At the close of the discussion the motion above set forth was
unanimously agreed to.

(11) In the course cf the discussion, it was stated by dele-

gates from several countries that all the sets subscribed for

would, be distributed among public institutions, and that they

contemplated the private sale of the catalogue in addition.

Second Meeting, Wednesday, June 1 3.

(12) The following motions, of which notice had been given
on the previous day, were considered and adopted :

—
(a.) The Conference is of opinion thit the financial prospects

of the enterprise are sufficiently satisfactory to warrant further

steps being taken toward the publication of the catalogue, in

view of the fact that the representatives of the various countries

have declared that the governments or corporations they repre-

sent are willing to subscribe for the number of complete sets of
copies at the cost stated in paragraph 10.

La Conference decide : que le cote financier de I'entreprise

est suftisamment elucide pour justifier les arrangements ulterieurs

necessaires pour la publication du Catalogue, les representants

des differents pays ayant en effet declare que les gouvernements
ou les corps savants qu'ils representent sont prets a souscrire au
nombre de series completes du Catalogue, et aux prix indiques
dans le § 10.

Angesichts der von den Vertretern der verschiedenen Lander
abgegebenen Erkiiirung, dass die durch sie vertretenen Lander
oder Korperschaften entschlossen sind, auf die in § 10 angege-
bene Zahl volLstandiger Exemplare zu dem ebenda festgesetzten

Preise zu subskribiren, gibt die Konferenz der Meinung Aus-
druck, dass die finanziellen Aussichten des Unternehmens
zufriedenstellend genug sind, urn weitere Schritte zur VerofFent-
lichung des Katalogs zu rechtfertigen.

La Conferenza e d'avviso che avendo i rappresentanti del
diversi pae.'ii dichiarato che i governi o i corpi scientifici da loro
rappresentati sono pronti a sottoscrivere nella misura indicata
al § 10, si puo ritenere I'impresa abbastanza soddisfacente dal
lato finanziario per autorizzare gli ulteriori passi che sono
necessari per la pubblicazione del catalogo.

(b.) That, pending the appointment of the International
Council, a Provisional International Committee be appointed
which shall be entrusted with the duty of approaching, through
the Royal Society, such countries as may be necessary, with the
view of obtaining their adhesion to the scheme for the publication
of the catalogue, or promises of financial support.
Que jusqu'a la constitution definitive du Conseil International,

un comite international provisoire soit nomme. Ce comite sera
charge de se mettre en rapport par I'intermediaire de la Societe
Royale, avec les personnes autorisees des difierents pays, suivant
les necessites de la situation, afin d'obtenir de ces pays I'adhesion
ou I'appui financier a Tocuvre du Catalogue.

Dass bis zur Einsetzung des International Council &in Pro-
visional International Committee ernannt wird, mit dem
Auftrage, sich durch die Vermittelung der Royal Society mit
den in Betracht kommenden Landern in V'erbindung zu selzen,
um sich ihrer Mitwirkung bei der Vcrofi'enllichung des Katalogs

zu versichern oder ihre Zusagen fiir finanzielle Unterstiitzung zu
erwirken.

Che sia nominato un comitate internazionale provvisorio sino

a che non sara costituito definitivamente il Consiglio Inter-

nazionale. Qaesto comitato avra I'incarico di mettersi in

comunicazione mediante la Royal S:>ciety con i diversi piasi,

secondo che sara necessario, per ottenere la loro adeuoni al

progelto di pubblicazione del catalogo o la prom'ssa del loro

appoggio finanz ario.

(c.) The said Provincial Committee is further authorised to

make other preparations for ths public ition of the cataloj[ue,

but without incurring financial respDnsibility.

Inasmuch as it will be necessary for some one corporation to

make the necessary contracts and undertake the final financial

responsibilities, the Provincial Committee is authorised to

include among such preparations, negotiations either with the

Royal Society, or with another corporation, or with a govern-
ment, or with a publisher, bat the confirmation of all such
preparations, and the carrying out of any finil agreement or

contract, shall rest with the International Council.

Ce comite sera autorise en plus a prendre d'autres mesures
preliminiires en vue de la publication du Catalogue ; miis il

n'aura aucune responsabilite financiere.

Comme il sera necessaire, pour un corps constitue quelconque,
de conclure des traite.s et d'encourir les responsabilites finan-

cieres definitives, le comiie provisoire est autorise a comprendre
parmi les mesures preparatoires de ce genre, les negociations

soit avec la Societe Royale, soit avec un autre corps constitu^,

soit avec un gouvernement, soit avec un editeur. Toutefois la

confirmation de toutes ces mesures preparatoires, ainsi que
I'arrangement financier definitif ou conclusion d'un traite,

doivent incomber au Conseil International.

Das genannte Provisional Committee wird ferner beauftragt,

andere Vorbereitungen zur Veroffentlichung des Katalogs zu
treffen, ohne jedoch eine finanzielle Verantwortlichkeit ein-

zugehen.

Soweit es notwendig ist, dass eine Korporation die erfor-

derlichen Vertrage abschliesst und die endgiiltige finanzielle

Verantwortlichkeit iibernimmt, wird das Provisional Committee
ermachtigt, derartige Vereinbarungen entweder mit der Royal
Society oder mit einer anderen Korporation oder mit einer

Regierung oder mit einem Verleger einzuleiten, indem die

Bestatigung solcher Verhandlungen wie die Ausftihrung der

endgiiltigen Vereinbarungen dem International Council vorbe-

halten bleibt.

Questo comitato sara inoltre autorizzito a prendere altre

misure preliminari per la pubblicazione del catalogo, senza

avere tuttavia nessuna responsabilita finanziaria.

E poiche e necessario per un corpo costituito di concludere

dei contratti e d'assumere la responsabilita finanziarie definitive,

cosi il comitato provvisorio e autorizzato ad inclu Jere nei lavori

preparatori le trattative o colla Royal Society o con altre

corporazioni o con un governo o con un editore : ma la conferma
di queste trattative e I'approvazione finale del contralto sara

riservataal Consiglio Internazionale.

(13) The "Scheme for the Publication of an International

Catalogue of Scientific Literature " was then considered, and it

was resolved

—

That Article I. be approved—
Omitting the vvords m paragraph 5 on page 5, lines 9 and 10,

" the limits of the several sciences to be determined hereafter,"

and also the words, page 5, lines 27-29.
That Article II. be approved

—

Omitting the words " the same . . . regulations were "

in paragraph 10, page 7 ;

Adding Italian to the three languages mentioned in para-

graphs 10 (a) and (b) ;

Altering the word "delegate" to "contracting body (as

hereinafter defined) " in paragraph 10 {d) ;

Omitting at the top of p. 8 the words within square brackets

;

Omitting in paragraph ii, p. 8, the words within square

brackets: "The . . . Appendix II.," and substituting the

following : " Each contracting body shall have one vote in

deciding all questions brought before the Council " ;

And inserting in paragraph 13, before the words: "There
shall also be ... " the words: "If the International Council

so decide."

That Article III. be approved without change.

That Article IV. be approved, omitting the opening para-

graph in square brackets.
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That Article V. be approved, inserting the words :
*' or as

soon after that date as the International Council may decide,"

in paragraph 29, after "January i, 1901."

That Article VI. be approved, inserting at the beginning of

paragraph 32, the words : " Unless the International Council

decide otherwise "

;

Substituting in paragraph 34, p. 14, line 33, "instructed" for

"authorised."
That Article VII., excepting paragraph 37, be approved-
Omitting paragraph 35 and the next paragraph in square

brackets, and substituting therefor :
" any body which establishes

a regional bureau shall be termed a contracting body."

Omitting the words "which takes a complete share" in the

first line of paragraph 40, and omitting the whole of the second

sentence in this paragraph, and omitting the three appendices.

(14) It was further resolved to substitute for paragraph 37,

Section VII., page 15, the following :

—

" That it will be an instruction to the Provisional Committee
to negotiate with the several contracting bodies with reference to

the sale in their respective regions of copies other than those

subscribed for by the contracting bodies."

Que les instructions soient donnees au comite proviscire pour

negocier avec les differents corps contractants la question de la

vente dans leurs pays respectifs des exemplaires souscrits par ces

corps.

Aufgabe der Provisional Committee wird es sein, den ver-

schiedenen contrahierenden Korperschaften (contracting bodies)

beziiglich des Verkaufs von Exemplaren in ihren Landern, ganz
abgesehen von der gewahrleisteten Anzahl, bestimmt e Festset-

zungen vorzuschlagen,

(15) It was resolved that the Provisional Committee con-

templated in Resolution 12 (B) be constituted as follows :—Prof.

Armstrong, Dr. Brunchorst, Dr. Graf, Dr. Milkau, Prof. Nasini,

Prof. Poincare, Prof. Weiss
;
power being given to the Royal

Society, while retaining only a single vote, to nominate further

members, and power being given to the Committee to appoint

substitutes if any of those named were unable to serve, and also

to co-opt two new members.
(16) On the motion of Sir Michael Foster and Prof. Riicker,

it was resolved that the Royal Society be requested to appoint

the Secretary to the Provisional Committee, and to meet pro-

visionally such expenses as the Committee may incur.

(17) It was resolved that the /ro^^j- verbal oi the Conference

be signed by the president and secretaries.

(18) The Royal Society was requested to undertake the editing,

publication, and distribution of a verbatim report of the pro-

ceedings of the Conference.

(19) On the motion of Prof. Schwalbe, a vote of thanks to

Sir John Gorst for presiding over the Conference was passed by
acclamation.

(20) On the motion of Sir Michael Foster, the thanks of the

Conference were accorded to the Society of Antiquaries for the

use of their rooms.
(Signed) John E. Gorst.

Henry E. Armstrong.
Dr. JOH. Bernoulli.
G. Ciamician.
T. Deniker.

THE ROYAL SOCIETY CONVERSAZIONE.
'X'HE exhibitions at the conversazione, which took place on

.
the 20th inst., were numerous and interesting. There

was a great wealth of photographs, including a large collection

illustrating the results obtained during the last total eclipse.

Among the other objects exhibited were the following :

—

Prof. W. Ramsay, F.R.S., and Dr. M. W. Travers exhibited

the inert atmospheric gases ; their spectra, and some of the

apparatus used in determining their physical properties.

The Meteorological Office exhibited North Atlantic weather

charts, winter, 1898-99.
Prof. J. W. Judd, C.B., F.R.S., on behalf of the Coral-

Reef Committee of the Royal Society, exhibited specimens from

the reels of Funafuti.

Mr. J. Mackenzie Davidson exhibited a stereoscopic fluoro-

scope. The stereoscopic fluoroscope is an instrument to enable

an observer to see the shadows cast by the Rontgen rays on
the fluorescent screen in stereoscopic relief.

Prof. W. E. Dalby exhibited a model to illustrate and ex-

periment upon the balancing of four-cylindered engines.

Prof. Silvanus P. Thompson, F.R.S., showed experiments
on the aberration called Coma. Coma is an aberration due to

the several zones of the lens not having equal focal lengths,

and hence, when the lens is transmitting an oblique pencil, the
unequal refraction of the different parts gives rise to a singular

unilateral distortion of the cones of rays traversing the various
zones. In these experiments, the effects are analysed by cover-
ing the lens with a series of zones alternately opaque and trans-

parent. Some singular effects can also be produced without
the zone plate, by inserting in the oblique pencil, after traversing

the lens, objects to cast shadows on a screen. In this way a
straight wire can be arranged so that the shadow it casts is a
totally-detached circle. Some diagrams of coma, and a string

model illustrating their origin, were also shown.
Mr. W. Gowland exhibited Japanese books on botany,

intended to show the general character of the work of Japanese
botanists from 1759 to 1856.

Mr. W. Gowland, for the Silchester Excavation Committee,
exhibited remains of a Roman silver refinery found at Silchester.

Mr. S. Evershed exhibited an electric supply meter (a fric-

tionless motor meter).

Prof. H. S. Hele-Shaw, F.R.S., and Mr. A. Hay showed
lines of induction in a magnetic field, represented by stream-line

flow.

Prof. E. Ray Lankester, F. R.S., exhibited enlarged models
of gnats (mosquitoes) and of human blood-corpuscles infected by
the malaria-parasite; modelled by Miss Delta Emett. (i)

Female Culex pipiens, Linn., the common brown gnat or mos-
quito ; enlarged twenty-eight times linear. The insect is shown
in the act of alighting. This gnat does not harbour the malaria-

parasite. (2) YemaXe. Anopheles niacuIipennis,Yio^m2inseg'^,i\\Q

common spot-winged gnat or mosquito ; enlarged twenty-eight

times linear. (3) Models of human blood-corpuscles infested

with the malaria-parasite (aestivo-autumnal or remittent fever)

known as Haemomenas praecox ; magnified seven thousand five

hundred times linear. The blood-corpuscles are transparent,

and show the parasites within. The upper row shows the multi-

plication of the parasite within the corpuscles by fission giving

rise to " sporocytes," which creep into other non-infected blood-

corpuscles and repeat the process, thus increasing the infection.

The lower row shows the formation of a crescent-shaped
" gametocyte " within the blood-corpuscle. Instead of breaking

up, the parasite enlarges and becomes sausage-shaped. The
"gametocytes" thus formed are destined to be swallowed by

the gnat Anopheles, when they develop in the gnat's stomach

—some into eggs and some into spermatozoa.

The Zoological Society of London showed two living female

crowned lemurs {Lemur coronatus), each with a young one.

Prof. G. B. Howes, F.R.S., and Mr. H. H. Swinnerton

exhibited reconstructional models, built up from microscopic

sections, of the developing head skeleton of the New Zealand

reptile, Sphenodon piinctatus.

Sir John Evans, K.C.B., F.R.S., exhibited ancient cameos

and gems, and palaeolithic implements from Africa.

Prof. Wyndham Dunstan, F.R.S., exhibited the poisonous

lotus of Egypt {Lotus Arabicus). {a) Living plant grown at

Kew. (<5) Dried plants from Nubia. (<:) Specimens of the new
glucoside, Lotusine, and its decomposition products.

Mr. Fred Enock exhibited an aquatic walking-stick insect,

with eggs {Ranaira linearis).

The following demonstrations, with experiments and lantern

illustrations, took place :

—

Mr. Fred Enock, life-history of the Cicindela campestris—\.\\e

common tiger beetle. This common Coleopteron goes through

its metamorphoses in deep vertical burrows made in the sand by

the curious larva, which " sits" at the top of the hole, patiently

waiting for its prey to come to it, as it does not go in search of

it. Three years are passed in its subterranean den, at the lower

end of which it remains during the winter months in a semi-

torpid state ; activity is resumed at the approach of warm
weather.

Prof. J. A. Fleming, D.Sc, F.R.S., demonstrations with an

apparatus for the production of short electric waves, and the

study of electro-optic phenomena. The apparatus exhibited

consists of a radiator for the production of a beam ot electric

radiation, the wave-length being about eight inches. The
radiator is contained in a zinc box, which prevents the diffusion

of the radiation in all directions. The receiver consists of a

metallic filings tube of the Kranly type, associated with a relay

and electric bell. The receiver is also contained in a zinc
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shielding box. The impact of electric waves upon the receiver

is indicated by the ringing of the bell. The radiator can be

placed at different angular positions. With this apparatus are

shown experiments illustrating the opacity of metallic screens,

continuous or perforated to electric radiation; the transparency

of insulating screens, and the transparency or opacity of various

liquids. Water is found to be particularly opaque even in very

thin layers. All damp objects are very impervious to this radi-

ation, such as a wet duster, a moist brick, tobacco having more

than the legal amount of water added to it, and the human body

or hand. The refraction of electric waves is shown by the use

of a paraffin wax prism, the concentration by paraffin lenses, and

the polarised quality of the rays by their reflection or stoppage

by parallel wire gratings. Also the production of secondary

oscillations in linear conductors by holding rods of metal or

tubes of liquid in the radiation. The wave length of the radia-

tion is measured by producing interference as a result of splitting

the beam into two portions and transmitting the two portions

down two zinc tubes, the relative lengths of which can be

adju.sted.

Prof. A. C. Haddon, F.R.S., cinematograph photographs of

native dances in Torres Straits.

THE RE-ORGANISATION OF THE
EDUCATION DEPARTMENT.

T N introducing the Secondary Education Bill to the House of
-*• Lords on Tuesday last, the Duke of Devonshire made the

following remarks on the re-organisation of the Education
Department :

—
" Your lordships may remember that on the Bill of last year

some discussion took place upon the future organisation of the

Education Department. I thought at the time, and I am still

more strongly of opinion now, that that discussion was some-
what premature. It proceeded on the assumption that the

organisation of the new office would continue on the same lines

as those which had existed when the educational departments
were separate and distinct, and that there would be in the new
office two divisions, one of which would carry on the work of

the old Education Office in connection with elementary educa-

tion, and the other of which would carry on the work of the

Science and Art Department. . . . We now propose to revert to

a dual organisation of the office, but not entirely upon the lines of

the late Education and Science and Art Departments. The prin-

cipal officers of the department which we propose will be a
principal permanent secretary, who will supervise generally the

whole work of the department. It must be remembered, when
special importance is attached to this or that minor subordinate
appointment, that it will be the permanent secretary who will be
responsible to the President of the Board in the administration

of the whole department, and that it is impossible, and would
be undesirable if it were possible, that the office should be
divided into what I may call water-tight compartments, the
head of each of which would be charged with special duties and
no other, and that the idea should be entertained that the work
of the office should be carried on in several departments, which
should have no connection or relation with each other. We
propose that under the principal permanent secretary there shall be
two principal assistant secretaries, one mainly charged with duties

in connection with elementary and the other with secondary educa-
tion. We propose to abolish the name ' Science and Art Depart-
ment.' The Science and Art Department will be merged in

the secondary education branch of the office. As soon as it may
be possible, we propose to transfer the greater part of the staff

of the late Science and Art Department from South Kensington
to Whitehall, except such part of it as may be necessary to
leave at South Kensington for the administration of the museum
and the colleges of science and art. In place of the third

division that was contemplated, we now propose to give the
principal assistant secretary of secondary education two addi-
tional assistant secretaries, one of whom will be chiefly charged
with the .supervision and control of literary instruction, and
the other of technological study. This is not the organisa-
tion, I admit, to which I partly committed myself last year;
but I trust that it may, in substance, meet the views,
especially the later views, which have been expressed to
me by high educational authorities. With the name we
hope to get rid of many of the traditions which were sup-
posed to attach to the old Science and Art Department

—
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traditions which have, I believe, been regarded as opposed to

the true interests of education by many of those who have been
responsible for the management of the older endowed schools.

The original idea of the Science and Art Department was, or at

all events was supposed to be, that by means of lectures, classes,

and examinations a knowledge of the principles of science and
art, which would be valuable to the students themselves and to

the nation at large, could be engrafted upon almost any kind of
previous elementary or secondary training. It is quite true

that this idea has been in recent years very largely modified, but
I do not think that it is yet generally known how far the original

traditions of the Science and Art Department have been already
departed from. We hope and intend that the idea of the future

education branch of the office will be to make science and art

instruction a part ol general education in addi ion to those cla.ssical

and literary studies which have hitherto formed its main portion.

In the schools and institutions directly assisted by the Board of
Education the teaching of .science and of art, with the addition,

perhaps, of some commercial subjects, will probably remain the
principal object. But, on the other hand, in those secondary
schools, whether of older or more modern type, which desire to

enter into connection with the board, there ought not to be, and
there need not be, any interference with the older classical and
literary studies so long as there continues to be a demand
for them. At the same time, we hope that the scientific

resources of the Board will be placed at their disposal
if they desire, as many of them do desire, to develop
the more modern sides of instruction and education. . . .

It may be of interest to the House to know what are the
principal appointments which have been made or are proposed
to be made in the principal office of the new secondary educa-
tion branch of the department. Sir George Kekewich, the late

secretary of the Board of Education, has become the permanent
principal secretary of the new Board, and it is he who will be
responsible to the President of the Board and to the Govern-
ment for the administration of the department as a whole. The
principal assistant secretary for secondary education will be Sir

William Abney, who has done more than any other man in ex-

tending the studies of the schools of science under the Science
and Art Department. Under him the assistant secretary to deal
with the literary side of instruction will be Mr. Bruce, an assis-

tant commissioner to the Charity Commission under the En-
dowed Schools Act, who has been chiefly engaged and has
obtained much experience in the administration of the Welsh
Act. The assistant secretary for technological study has not yet
been appointed."

UNI VERS1 1 Y AND EDUCATIONAL
INTELLIGENCE.

Cambridge.— Prof. Sir Michael Poster has been nominated
by the Council of the Senate as the representative of the
University of Cambridge on the Council of the Jenner Institute

of Preventive Medicine.
Mr. A. W. Hill, of King's College, and Mr. L. Lewton-

Brain. of St. John's College, have been appointed University

Demonstrators in Botany.
Mr. E. E. Walker, Trinity College, has been elected to the

Harkness Scholarship in Geology and Palaeontology.

Prof. Woodhead announces ten courses of lectures and
demonstrations in Pathology and Bacteriology to be held during
the ensuing Long Vacation.

Mr. Shelford Bidwell, F. R.S., was on June 19 admitted to

the degree of Doctor of Science.

Mr. \V. N. Shaw, F.R.S., has been elected a Senior Fellow
of Emmanuel College. It is a condition attaching to his tenure

that he shall give annually in the University not less than three

lectures on the Physics ot the Atmosphere or some kindred
subject. Mr. C. T. R. Wilson, FR.S., formerly Clerk
Maxwell Student in experimental physics, has been elected to a
fellowship at Sidney Sussex College.

The following have been awarded scholarships or exhibitions

in Natural Science at the several colleges at the end of the

academical year :

—

Clare Collej;e : Bailey, Cartwright, Cassidy, Hughes.
Pembroke College : Lang, Anderson, Hall.

King's College : Kewley, French, Wilde, Mollison, Mclntyre.
Christ's College : Fox, Moore, Wilson, Macnab, Muff,

Cumberlidge, Sewell.



2IO NATURE [June 28, 1900

Emmanuel College : Nixon, Austin, Sutton, Rothera,

Banham.
Sidney Sussex College : Bullough, Colt, Drap»s, Fearnsides,

Harrison, Humphrey, Robinson, Gough.

The Appointments Gazette, which is the journal of the Cam-
bridge Appointments Association, gives in its last issue (June

1900) much valuable information regarding scientific and other

posts open to university graduates. It also contains articles on

post graduate work in medicine, by Prof. AUbutt ; on training

for business, by Mr. G. E. Foster ; and on Long Vacation courses

in French, by Mr. H. J. Millar. A list of some two hundred

graduates seeking appointments in various departments of in-

dustry, with their university qualifications, ages, &c., completes

the journal. This list might be consulted with advantage by

heads of departments and others in search of suitable candidates

for vacant appointments. The Association is doing a useful work
in bringing together employers and employed in the various

walks of life where university training is of importance, and it

already possesses a large and influential membership. The
Master of Trinity is chairman, Mr. W. N. Shaw, F. R.S.,

vice-chairman, and Mr. W. A. J. Archbold, secretary.

Prof. Oliver J. Lodge, F. R.S., has been appointed

Principal of the University of Birmingham.

The following appointments at the University College of

North Wales, Bangor, are announced :—Mr. W. W. Firth to

be assistant lecturer in Electrical Engineering, and Mr.
Alexander Darroch to be assistant lecturer in the Day Training

Department. Mr. W. Cadwaladr Davies was appointed the

representative of the Council upon the Central Welsh Board, and
Mr. H. Bulkeley Price the representative on the Carnarvon-

shire County Governing Body.

Dr. John William White, of Philadelphia, has been
elected to the John Rhea Barton Chair of Surgery in the Uni-
versity of Pennsylvania ; Dr. Frank Morley, of Haverford Col-

lege, has been appointed professor of mathematics in Johns
Hopkins University, vice Prof. Thomas Craig, resigned ; Prof.

Charles J. Bartlett takes the place of Prof. M. C. White, who
for thirty-three years has filled the chair of pathology in the

Medical School of Yale University.

The Report of the Council to the Governors of the City and
Guilds of London Institute, dated March 1900, has just been
issued, and gives a full account of the work accomplished in

connection with the year 1899, and contains verbatim reports of

the addresses delivered respectively by Sir Andrew Noble and
Sir Douglas Fox at the opening of the session, and at the dis-

tribution of certificates and prizes. We notice from the report

that during the past twenty years the work of the Examinations
Department has developed to an enormous extent : thus in i888
the number of subjects of examination was 24, the number of

centres of examination 89, and the number of candidates 816.

In 1899 the number of subjects had increased to 63, the number
of centres to 397, and the number of cindidates to 14,004 ; the

number of registered classes being 1764, and of students in at-

tendance 34,176. These numbers are exclusive of those who
receive instruction in manual training. The total number of

students last year in the classes registered by the Institute was

36,155, as compared with 34,990 in the previous year.

The following gifts and bequests for scientific and educational

purposes aie noticed in Science :—''&y the will of the late Jonas
G. Clark, of Worcester, Mass., who founded Clark University

in 1889, the entire estate is left to the University, providing the

people of Worcester raise a fund of 500,000 dollars. If the sum
of 250,000 dollars is raised, he bequeaths 500,000 dollars. If

500,000 dollars is raised, he bequeaths 1,000,000 dollars and
makes the University hi; residuary legatee. He also leaves

100,000 dollars for the University library and a similar sum for

a department of art. Messrs. Samuel Cupples and Robert S.

Brookings have each given to Washington University one-half

of the total capital stock of the St. Louis Terminal Cupples
Station and Property Company, which company owns the so-

called " Cupples Station." The annual income from this gift to

the University will be from 120,000 to 130,000 dollars per year.

The gift is to form a permanent endowment fund, the interest

of which is to be expended by the Board of Directors in any
way which it sees fit. Dr. D. K. Pearsons has offered 50,000
dollars to Carleton College, Northfield, Minn., on condition that

the college authorities raise 100,000 dollars before January i,
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1901. By the will of Henry M. Curry the Western University

of Pennsylvania receives 10,000 dollars for scholarships ; and
the University of Pennsylvania has received 20,000 dollars from
Mr. J. D. Lippencott and Mr. J. G. Carruth respectively.

The second general meeting of the Agricultural Education
Committee was held on Friday last at the rooms of the Society
of Arts. The report of the executive to the general committee
gave a brief account of the constitution and proceedings of the

committee from its commencement, and explained that its ob-
jects were: (i) to secure systematic and efficient instruction,

both theoretical and practical, in agricultural subjects suitable

to every class engaged in agriculture ; and (2) to diffuse

among the agricultural classes a more thorough appreciation of

the advantages of instruction bearing directly or indirectly on
their industry. The policy of the committee, the report stated,

was largely recognised in the new Day School Code ; and the

block grant, the continuous course of rural instruction, lessons

in " common things" given through the standards, and the new
subject of household management for girls, were all on the lines

of the committee's resolutions. Moreover, the executive be-

lieved that it was largely due to the representations of

the committee that the new Board of Education, shortly after its

formation, issued a circular to managers and teachers of rural

elementary schools impressing on them the importance of making
education in the village school more consonant with the en-

vironment of the scholars than was now usually the case, and
especially encouraging the children to gain an intelligent know-
ledge of the common things which surround them in the country.

Other provisions of the new Code were referred to with satis-

faction, and the report stated that the committee had not failed

to co-operate with the Board of Education in bringing them into

effect. With regard to the work which remained to be done,

attention should be given to organisation. It would seem that

the precedent successfully set some years ago in Scotland of

handing over the educational work of the Board of Agriculture

to an educational authority, while leaving to the Board the in-

spection of experimental and research work, might well be fol-

lowed. If that was not done, and the present division of functions

continued, the cause of rural education, especially in its higher

branches, would undoubtedly suffer. It was also to be hoped
that attention would be given to the training of teachers, and
that the new Board would introduce some modifications into the

curricula of the training colleges to ensure the qualification of a

certain number of trained teachers to give instruction on
elementary science and common things required by the Code.
A good deal also remained to be done in placing evening con-

tinuation work on a satisf.ictory footing.

SCIENTIFIC SERIALS.
American Journal of Science, June.—A method o. studying

the diffusion (transpiration) of air through water, and a method
of barometry, by C. Barus. The diffusion of air through water

is studied by observing the gradual loss of the air contained in

a Cartesian diver, and this loss is determined from the change
in the temperature coefficient contained in the equation of flota-

tion. The same equation also involves in a simple manner the

height of the barometer ; and a Cartesian diver apparatus is,

therefore, virtually a water barometer which need only be one
foot high instead of thirty feet.—Separation and determination

of mercury as mercurous oxalate, by C. A. Peters. The author

estimates mercurous salts volumetrically by precipitating with

ammonium oxalate, and determining the oxalic acid by potass-

ium permanganate, and gravimetrically by direct weighing of

the precipitate.—Electrical resistance of thin films deposited by

kathode discharge, by A. C. Longden. The thinnest films have

a resistance which is very much higher than is warranted by their

thinness. The sign of the temperature coefficient of resistance

varies with the thickness, and it is therefore possible to obtain

resistances by kathode- ray deposition which do not vary with the

temperature. Such resistances form valuable high -resistance

standards.—New meteorite from Oakley, Logan county, Kansas,

by H. L. Preston. This is a siderite of 61 lbs. found in 1895.—
Some observations on certain well-marked stages in the evolution

of the Testudinate humerus, by G. R. Wieland. The develop-

ment of the humerus of the turtle presents a special interest on

account of its graduated change of habitat from dry deserts to

the ocean.-—Geothermal gradient in Michigan, by A. C. Lane.

The geothermal gradient at Bay City is i '5 degrees F. per lOO
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feet. The Upper Peninsula is a region notorious for its much
lower gradient. The author discusses the various hypothesis

framed to account for the differences in the gradient. Among
these are the cooling action of Lake Superior, a survival of the

Ice Age coldness, and differences in the conductivity of rocks.

The author favours the last hypothesis.—Production of X lays

by a battery current, by J. Trowbridge. The installation of a

plant of 20,000 storage cells at the Jefferson Physical Laboratory

has enabled the author to obtain X-rays of exceptional brilliancy,

yielding negatives of great contrast. When the X-ray tube is

first connected with the battery terminals no current flows. It

is necessary to heat the tube, when it suddenly lights up. A
distilled water resistance of about 4,000,000 ohms is inserted in

the circuit.

Annalen der Physik, No. 5.—Change of conductivity of gases

by a continuous electric current, by J. Stark. The resistance

of a gas conveying an electric current is highest near the

electrodes, owing to the accumulation of ions of the same sign in

this neighbourhood. It has another maximum near the middle,

but rather more towards the side of the anode. The resistance

is influenced by the heat developed at the electrodes, by the

kathode rays, and by the unequal speed at which the two kinds

of ions travel through the gas.— Objective presentation of the

properties of polarised light, by N. Umow. A beam of parallel

plane-polarised light is allowed to fall on various geometrical

bodies whose surfaces have peculiar optical properties, such as a

cone covered with fuchsine, a quartz plate, or a Babinet com-
pensator. The reflection or transmission of the light gives rise

to striking colour phenomena. Peculiar spiral effects are obtained

by sending the beam through an opalescent colophonium emul-

sion.—Magnetic screening, by II. du Bois and A. P. Wills. In

this portion of their work, the authors calculate and verify the

effect of a triple screen of iron for galvanometers. The external

diameters of the three .screens are 2*5, 43 and 8'0 cm.

respectively, and their thicknesses are 0*27, o*l8 and o'i8 cm.
The total theoretical " screening ratio," z.e. the ratio by which
the disturbing magnetic field is reduced, is 60 "2, and the observed

ratio s 64 "6.— Armoured galvanometers, by H. du Bois and
H. Rubens. Describes some galvanometers screened in accord-

ance with the results of the previous paper.—Rotating magnetic
flag, by G. Jaumann. A small magnet mounted like a flag on
a glass rod as an axis may be given a continuous rotation by im-

mersing it in mercury contained in a glass vessel surrounded by
a tight-fitting copper vessel, with a current traversing the body
of the mercury and returning through the copper vessel. The
work spent in overcoming the resistance of the mercury is

derived from the current itself. It appears as a counter E.M.F.
until the mercury rotates with the magnet.—Thermal deforma-
tion of balances, by T. Middel. Delicate balances show a con-

siderable change of .sensitiveness with the temperature. The
author shows that this is due to the bending of the beam of the

balance, owing to the unequal expansion of the upper and the

lower portion, and that is due to the unequal working of the

metal, the coefficient of expansion for cast brass being less than
that of rolled brass.—^The additive character of atomic heats, by
S. Meyer. The author shows that in the case of twenty-six

oxides an excess of the sum of atomic volumes over the molecular
volume is accompanied by an excess of the aggregate atomic
heats over the molecular heat, and that a defect of atomic
volumes is accompanied by a defect of atomic heats in the

same manner. Boron and bismuth sesquioxides are the only
exceptions.

Bulletin de fAcademic des Sciences de St. P^tersbourg, vol.

viii. No. I.—Yearly report of the Academy.—A newly-
discovered Old Turkish inscription, by Dr. W. Radloff, pre-

liminary report. The inscription was discovered by Madame
Elizabeth Clements near Urga, and excellent reproductions of

it were made. Dr. Radloff found that it was made in honour of
the wise Toyukuk, father-in-law of Bilga-khagan, who was born
in 646 of our era.—On the elements of earth-magnetism at

Kamenets, Khotin and Odessa, by W. Dubinsky.
Vol. viii. No. 2.—On the rapid motion of the line of the

absides in the system of o' Gimini, by A. Byelopolsky.—On
the spectroscopic determination of the movements of 7 Virginis,

by the same.—Aurora borealis observed at Pavlovsk on
December 20, 1897, by V. Kuznetsoff, with two photographs.

—

Hydrobiological researches at the Sebastopol Biological Station,

by A. Ostrooumoff.
Vol. viii. No. 3.—On the attempts at reproducing cometary
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phenomena by means of experiments, by Th. Bredikhin (in

Russian). The recent results obtained by photography per-

mitted us to obtain most exact reproductions of cometary forms.

They .«.timulated the desire of producing theories of comets, and,

I

as far as the author knows, five different theories were proposed
lately ; they differ essentially in their fundamental principles.

No great comets having appeared lately, the earlier drawmgs,
made by previous astronomers, necessarily must be taken into

account. Bredikhin found it necessary, therefore, to system-
atically discuss the facts which relate to the variety of forms of

comets, and the passages from the one form to another. These
facts can be ignored by no theory, and the author consequently
analyses those criteria which must be applied to each theory of

the comets.—On the way of building magnetic observatories,

by H. Wild.— Description of a very rare case of Craniopagus
parielalis, by J. Ziematzky (plate).—On the influence of the
terms of third order in the perturbations function of the move-
ment of the earth round its centre of gravity on the formulae of

nutation, by A. Ivanof (in French). The author gives a new
formula for reducing the length of the second pendulum for any
geocentric latitude.

Vol. viii. No. 4.—Ephemerid of the comet of Encke from
June I to July 31, 1898, by A. Ivanoff.—On the differences of
the horizontal intensities of earth magnetism obtained from
observations of the unifilar and the bifilar theodolite, by
H. Wild.— Positions of 104 1 stars of the star-cluster 5 Messier,
deduced from photographs, by Madame Shilow. Full list,

compiled from careful measurements made on photographic
plates.

SOCIETIES AND ACADEMIES.
London.

Royal Society, May 31.—" The Crystalline Structure of
Metals." Second Paper. By Prof. J. A. Ewing, F.R.S.,
and Walter Rosenhain, B.A.
The investigations described in this paper deal principally

with the phenomena of annealing. The first section of the
paper describes experiments made in the hope of observing
under the microscope the process of recrystallisation in strained

iron. This attempt to watch the process of recrystallisation

failed, although the experimental diificulties of keeping a
specimen under microscopic observation while it was being
heated were successfully overcome. The specimen was electri-

cally heated in a vessel with a thin glass or mica window, and
the microscope-objective was kept cool by directing a strong

blast of cold air on it and on the surface of the window.
The next section of the paper deals with the changes of

crystalline structure which go on in lead and other metals at

comparatively low temperatures. The authors' attention was
directed to this by noticing that a piece of plumber's sheet

lead, when etched with dilute nitric acid, exhibits a strikingly

crystalline structure, with large crystals. The character of

this appearance led the authors to the view that a slow process

of annealing or recrystallisation was at work in such lead at

ordinary atmospheric temperatures, and the authors have satisfied

themselves that this is the case. The method of investigation con-

sisted in taking a series of micro- photographs, at low magnifica-

tions, of certain marked areas in the surface of a specimen, in

order to watch the change which went on through lapse of time,

or after application of some thermal treatment.

When a piece of cast lead is severely strained by compression,

the originally large crystals, after being considerably flattened,

are driven into and through one another, so that the etched

surface of a strained specimen presents a fine grain, whose
crystalline nature only becomes apparent under considerable

magnification (80 to 100 diameters). A piece of lead severely

strained in this way, and kept for nearly six months in an
ordinary room without any special thermal treatment, was
found to be undergoing continuous change during that time.

A series of photographs of this specimen, taken at intervals

during the six months, show that a great number of the small

crystals have grown larger at the expense of their neighbours.

In similar specimens which have been kept at 200° C, the

growth has been much more rapid and more pronounced. The
rate of growth is a function of time and temperature, but some
specimens show much more rapid changes than others under
similar conditions of temperature ; in some cases five minutes'

exposure to a temperature of 200° C. is sufficient to alter the
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crystalline pattern completely. Experiments have a.io been

made at ioo° C. and 150° C, leading to the general result that

crystalline growth will occur at any temperature from that of an

ordinary room, i.e. 15° C. or 20° C, up to the melting point of

1 ead, and that in general the higher the temperature the more
rapid is the initial rate of change. No numerical data can be
given, as the crystals are quite irregular, both in size and shape.

A comparison of micro-photographs of the same specimen at

various stages reveals the fact that the growth of an individual

crystal occurs, not in uniform layers all round it, but by the

formation of arms and branches that invade the neighbouring

crystals, the intervening i)ortions sometimes changing at a later

stage. This action is analogous to the formation of skeleton

crystals in a metal during solidification from the liquid state,

the space between the branches filling in as solidification

proceeds.

A marked feature observed in several specimens was the large

and rapid growth of one or two individual crystals ; in several

instances such individuals grew until they were some hundreds
of times larger than their neighbours. Generally the most
aggressive crystals were found near the edges of the specimen.
It is noticeable that at times a crystal which has already grown
considerably is swallowed up by a more powerful neighbour.
Some light is thrown on the nature of these actions by the

fact that this growth only occurs in crystals that have been
subjected to severe plastic strain. By casting the metal in a
chill mould, specimens of lead can be obtained having a crystal-

line structure quite as minute as that found in a severely strained

specimen, but this structure remains unchanged at temperatures
which produce rapid change in a strained specimen.
The investigation of the effects of such comparatively moderate

temperatures was extended to other metals, viz. tin, zinc and
cadmium. In tin, the various phenomena of crystallisation

from the fluid state are strikingly illustrated on a large scale by
the thin layer of that metal which constitutes the surface of

commercial tin-plate. The effects of rapid and slow solidifica-

tion in producing small or large crystals respectively are well
marked, and an examination of the etched surface of tin-plate

under the microscope reveals beautiful geometrical markings or
pits, whose oriented facets produce the well-known .selective

effect of oblique illumination. The study of the crystalline

structure affords an explanation of the nature and method of
production of patterns in " moiree metallique," a process which
has long been in use for the decoration of articles manufactured
of tin-plate.

The final section of the paper deals with an hypothesis, which
is advanced as an attempt to explain the mechanism of the
growth of crystals in apparently solid metal. ^ According to this

hypothesis, the metallic impurities which are present in a metal
play an important part in the action. When a metal solidifies

from the fluid state, the metallic im.purities ultimately crystallise

as a film of eutectic alloy in the inter-crystalline junctions ;

when fairly large quantities of such eutectics are present, the
microscope reveals their presence as an inter-crystalline cement,
such as that formed by " pearlite" in slowly cooled mild steel

;

very minute quantities of eutectic, however, will be invisible

and yet capable of forming a thin film of fusible cement. The
authors conceive that the changes of crystalline structure which
go on while the piece is in the solid state are accomplished
by the agency of eutectic films between the crystals, in dis-

solving metal from the surfaces of some crystals and
depositing it on others. When a metal is severely strained,

these films of eutectic will be also strained and in many
places broken, thus allowing the actual crystals to come into con-
tact with one another. The difference in the rate of etching of
adjacent crystals and the phenomena of the electrolytic transfer,

in an acid solution, of lead from one crystal to another in the
same mass of metal, support the supposition that there is a
difference of electric potential between the crystal faces which
are brought into contact by severe strain. If it be assumed that
a film of eutectic alloy when fluid, or even when in the pasty
condition that precedes fusion, can act as an electrolyte, we may
regard any two crystals thus in contact, with a film of eutectic
interposed in places, as a very low resistance circuit, and the
growth of the positive crystal at the expense of the negative
would resu It. Moreover, such growth would be more rapid at

higher temperatures, and its rate at a given temperature would
vary in different specimens according to the nature and quantity
of the im purities present. That an alloy can act as an electro-

1 It is proper to say that this hypothesis is due to Mr. Rosenhain.—J. A. E.
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lyte has not been established experimentally, but the assumption
is supported by the close general analogy between alloys and
salt solutions. This analogy extends to the very question of
the growth of crystals, as Joly has shown that when crystals of a
salt are immersed in their mother-liquor, growth of one at the
expense of others will take place.

It should be added that solution of one crystal into the inter-

vening film of eutectic, along with deposit on the neighbouring
crystal from the eutectic, may occur as a consequence of
differences of orientation, producing differences of "solution
pressure" apart from actual electrolysis, but the fact that growth
has not been observed to occur except in strained crystals

favours the view that the action is electrolytic.

Some further results which have been deduced from the
above hypothesis have been verified by experiment. It follows

from the hypothesis that an inter-crystalline boundary contain-

ing no eutectic would be an impassible barrier to crystalline

growth, but if the eutectic could in any way be supplied, growth
across the boundary might take place. In an absolutely

pure specimen of lead, there would be no eutectic at the
inter-crystalline junctions, but as extremely minute traces

of impurity would suffice to set up the action, it is almost
hopeless to verify the hypothesis in this way. Some experi-

ments on the cold welding of lead have, however, borne out

these conclusions. Two clean, freshly-scraped lead surfaces will

unite under great pressure in the cold state, and if a piece so

welded be annealed, the crystalline growth due to the anneal-

ing, with very rare exceptions, never crosses the inter-crystalline

boundary formed by the welding surface. To test whether the

presence of some eutectic would allow growth to take place,

small quantities of a P'ore fusible metal were scattered over the

freshly-scraped surfaces of lead before squeezing them together.

Then, after a cold weld had been made by pressure, on anneal-
ing by exposure to 200° C. it was found that crystal growths fre-

quently crossed the line of the weld, as the above theory led one
to expect. This experiment has been repeated many times with

the uniform result that whenever a small quantity of eutectic, or

of an impurity capable of forming a eutectic with the lead, was
scattered over the clean surfaces before welding, a distinct

growth of crystals across the boundary took place as a result of

annealing. On the other hand, a large number of welds were
made without introducing any impurity, and with very rare ex-

ceptions they showed no growth across the boundary, even after

the annealing process was continued for some weeks. In rare

exceptions a minute amount of growth across the boundary was
observed, but these may fairly be accounted for by the almost
unavoidable presence of traces of impurity. The result as a

whole goes far to confirm this solution theory of crystalline

growth in annealing.

June 14.
—" Static Diffusion of Gases and Liquids in Relation

to the Assimilation of Carbon, and Translocation in Plants."

By Horace T. Brown, F.R.S., LL.D., and F. Escombe,B.Sc.,
F.L.S.

This paper is intended to be the first of a series descriptive

of the work carried out by the authors in the Jodrell labor-

atory on the fixation of carbon by green plants, and deals

mainly with the purely physical processes by which atmospheric
carbon dioxide gains access to the active centres of assimilation.

The new evidence which F. F. Blackman brought forward

in 1895 in favour of the gaseous exchanges of leaves taking

place exclusively through the stomatic openings, presents at

first sight certain difficulties of a physical nature, which have
led to an examination of the whole question of the free diffusion

of carbon dioxide at very low tension, and under a set of con-

ditions very different from those under which the previous deter-

minations of the coefficient of diffusion of carbon dioxide and
air have been made by Loschmidt and others, where the gases

were initially of equal tension, and the ratios of mixture de-

parted widely from those of ordinary atmospheric air. The
inquiry has led to the discovery of some new facts connected

with the static diffusion of gases and liquids, which are of con-

siderable interest, not only from the physical point of view, but

from the explanations they suggest of certain natural processes

which are primarily dependent on diffusivity.

The method employed in the first instance for the deter-

mination of the diffusivity of atmospheric carbon dioxide was
one of static diffusion down a column of air of a definite

length towards an absorptive surface at the bottom of the

column When a static condition has been established, there

is a steady flux of the carbon dioxide down the air column
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which may be quantitatively investigated by the same simple

mathematical treatment as the "flow " of heat in a bar when
the permanent state has been reached, or the " flow " of elec-

tricity between any two regions of a conductor maintained at a

constant diff^erence of potential.

By a long series of experiments of this nature it was found

that the ditfusivity constant, k, for very dilute COo does not

materially depart from the value assigned to it by Loschmidt

and others, when experimenting with much higher ratios of

mixture, and that the difference is certainly not of sufficient

magnitude to be taken into serious account in the study of the

natural processes of gaseous exchange in the assimilating organs

of plants.

In the static diffusion of a gas, vapour, or solute, as the case

may be, the amount of substance diffusing in a given time, all

other conditions being the same, is directly proportional to the

sectional area of the column. It is found, however, that if the

flow is partially obstructed by interposing at any point in the

line of flow a thin septum pierced with a circular aperture, the

rate of flow across unit area of the aperture is greater than it

would be across an equal area of the unobstructed cross-section

of the column at this point. If the margin around the aperture

has a width of at least three or four times its diameter, the rate

of flow is now found to be directly proportional to the linear

dimensions of the aperture and not to its area, so that the

velocity of flow through unit area varies inversely as the

diameter.

A large number of experiments on the diffusion of carbon

dioxide, water-vapour and sodium chloride in solution are

given in support of this proposition. All these show that the

rate of diffusion across such a septum, all other conditions being

the same, is directly proportional to the diameter of the aperture,

and not, as might have been expected, to its area.

Exactly the same result is obtained when small circular discs

of an absorbent, such as a solution of caustic alkali, are sur-

rounded by a wide rim and exposed to perfectly still air, the

amount of carbon dioxide absorbed under these conditions being

proportional to the diameters of the discs.

If, however, there are any sensible air currents the absorption

becomes proportional to the areas.

These two sets of phenomena may be explained as follows :
—

In the case of the absorbing disc in perfectly still air, the con-

vergent streams of carbon dioxide creep through the air towards
the absorbing disc, establishing a steady gradient af density, and
this creep will be a flux perpendicular to the lines of equal

density, which form curved surfaces or "shells" surrounding
the disc and terminating in the rim. The state of things is

exactly analogous to the electric field in the neighbourhood of a

conductor of the same shape and dimensions as the absorbent
disc.^ In the case of the gas, the curves or "shells" of equal
density are the analogues of the similarly curved surfaces of
equipotential above the electrified disc, whilst the converging
lines of creep or flux of the gas are the analogues of the lines

or tubes of force which bend round into the disc as they
approach it.

If we consider two such absorbent discs of different diameters,

the curved surfaces in each system corresponding to a given
density will be found at actual distances from the discs which
are in the same proportion to each other as are the diameters of
the discs. In other words, the gradient of density on which
the rate of flow depends will be proportional to the diameters
of the discs, which is exactly what is found experimentally.

This case of an absorbent disc is the exact converse of one
which has been theoretically investigated by Stefan, viz. the
conditions of evaporation of a liquid from a circular surface. He
found that the lines of flux of tlie vapour proceeding from the
surface of the liquid must be hyperbolas, whilst the curved
surfaces of equal pressure of the vapour must form an orthogonal
system of ellipsoids, having their foci, like the hyperbolas, in

the bounding edges of the disc. This was a purely mathematical
deduction which has never been verified experimentally, but it

will be seen that the exactly converse phenomena of diffusion

are in complete agreement with it.

In the other case of a diffusive flow through a circular aper-
ture in a diaphragm, the lines of flow, which are convergent as
they approach the aperture, bend round their foci situated in the
edges of the disc and form a divergent system on the other side.

If the chamber into which they pass is a perfectly absorbent one,

1 The authors are indebted to Dr. Larmor for this suggestion of the
electrostatic analogy.
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and is sufficiently large, there will be formed on the inner side

of the diaphragm a system of density shells similar to those out-

side, but with the gradient of density centrifugally instead of
centripetally arranged. This system of shells is termed nega-
tive, and is as effective as the outer positive system in regulating

the flow according to the "diameter law," so that this law will

still hold good even if the outer air currents are sufficient to

sweep away the external positive shells altogether.

All the known facts of diffusion through circular apertures in

a diaphragm are in complete accord with the above explanation,
which is fully elaborated in the original paper.

By diffusing colouring matter through apertures in a septum,
under such conditions as to prevent convection currents, the
" density shells" have been rendered visible, and it has been
shown that their ellipsoidal form is exactly that which is-

demanded by the above hypothesis. Moreover, this method
gives an experimental demonstration of the more rapid projec-

tion of the diffusing particles from the edges of the aperture
than from a point nearer its centre, a fact completely in harmony
with the deduction of Stefan regarding the evaporation olf

liquids under analogous conditions.

The various cases which present themselves in practice with-

regard to the rate of diffusion through single apertures in a
diaphragm are then discussed from the above point of view, and
simple formulae for the determination of this rate for single and'
double systems of density shells are established : (l) for cases
where the thickness of the diaphragm is negligible, and (2) for

other cases where the apertures become more or less tubular.

In a subsequent section of the paper it is shown how closely the
observed facts conform to these deductions, and that in static

diffusion through apertures in a septum we have a new and
accurate method for the determination of the diffusivity con-
stants of atmospheric CO.^, of the vapours of liquids, and of

substances in a state of solution.

Since the velocity of the diffusive flow through unit area of an-

aperture in a diaphragm varies inversely with the diameter, it

might reasonably be expected that a diaphragm could be sO'

perforated with a series of very small holes arranged at suitable

distances from each other, as to exercise little or no sensible

obstruction when it was interposed in a line of diffusive flow,

although the aggregate area of the small holes might represent
only a small fraction of the total area of the septum. Multi-
perforate diaphragms of this kind were found to possess all the
remarkable properties which had been anticipated.

The material used for the septa was very thin celluloid,

which was perforated at regular intervals with holes of about
0*38 mm. in diameter. Details of a number of experiments
with such diaphragms are given, in which it is shown that they
may be so arranged as to produce but little obstructive influence

on the diffusive flow of a gas when the total area of the aper-

tures amounts only to about 10 per cent, of the area of the
septum, and that nearly 40 per cent, of the full diffusive

flow may be maintained when the number of the apertures is so
far reduced as to represent an area of only i 25 per cent, of the
full area of the septum.

The explanation is to be found in the local intensification of

the gradient of density in the immediate neighbouihood of the
diaphragm, and which does not extend to the column away
from the apertures. This disturbance of gradient is brought
about by the rapid convergence of the lines of flux, and their

divergence on the other side, with the consequent formation

of a system of " density shells" over each aperture. A system
of perforations of this kind may be compared with a systenv

of conductors electrified to a common potential, the density of

the diffusing substance above the apertures corresponding to

electric potential, and the non-absorbing portions of the
diaphragm to a surface formed by lines of electric force.

Just as the electric capacity of a plate is not much reduced by
cutting most of it away, so also is it possible to block out a
large portion of the cross-section of the diffusing column with-

out materially altering the general static conditions on which the
flow depends.

The importance of these results in relation to diffusion through
porous septa is next considered, diffusion through a thin porous
septum being only an extreme case of free diffusion through a
multiperforate diaphragm, whose apertures are so far reduced in

size as to materially interfere with the mass movement of the

diffusing substance.

A section of the paper is devoted to the application of these

new observations to the processes of gaseous and liqjiid diffu-
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sion in living plants, and it is pointed out that the structure of

a typical herbaceous leaf illustrates in a striking manner all

the physical properties of a multiperforate septum. Regarded

from this point of view it is shown that the stomatic openings

and their adjuncts constitute even a more perfect piece of

mechanism than is required for the supply of carbon dioxide for

the physiological needs of the plant, and instead of expressing

surprise at the comparatively large amount of the gas which an
assimilating leaf can take in from the air, we must in future

rather wonder that the intake is not greater than it actually is.

From data afforded by actual measurements of the various

parts of the stomatal apparatus of the sunflower it is shown that

an extremely small difference of tension of the carbon dioxide

within the leaf, as compared with that in the outer air, will

produce a gradient sufficient to account for the observed intake

during the most active assimilation.

It is also shown that the large amounts of water-vapour which
pass out of the leaf by transpiration are well within the limits of

diffusion, and that it is unnecessary to assume anything like mass
movement in the outcoming vapour.

The translocation of solid material from cell to cell in the

living plant is next considered, especially with reference to this

transference being, at any rate in part, brought about by means
of the minute openings in the cell-walls through which the con-

necting threads of protoplasm pass. Notwithstanding the very

small relative sectional area of these perforations they probably
exercise an important function in cell-to-cell diff'usion, in virtue

of their properties as multiperforate septa.

There are two appendices to the paper, one in which a full

description is given of a series of experiments on the absorption
of carbon dioxide by solutions of caustic alkali from air in

movement ; the second being devoted to a detailed description

of the methods used for accurately determining the carbon dioxide
absorbed.

Physical Society, June 22.—Mr. T. H. Blakesley, Vice-
President, in the chair.—A paper, entitled " Notes on Gas Ther-
mometry," by Dr. P. Chappuis, was read by Dr. Marker. The
author having been led to recognise that hydrogen could not be
used as a thermometric substance at high temperatures, on
account of its action on the walls of the glass reservoirs, has had
recourse to a constant volume nitrogen thermometer with an
initial pressure slightly under 800 mm. The value of the
coefficient of expansion of nitrogen at constant volume is variable,

diminishing up to 80° C. and then increasing slightly. In fact,

nitrogen at 100° C. behaves like hydrogen at the ordinary tem-
peratures, its compressibility being less than that required by
Boyle's law. A table of corrections was therefore prepared.
The readings of the constant volume nitrogen thermometer are
too low, but the corrections are small, amounting to about
0-04° C. at the temperature of boiling sulphur. The mean result

of the author's experiments for the boiling point of sulphur is

445° 2 under a pressure of 760 mm. Callendar and Griffiths'

results obtained with a constant pressure air thermometer is

444° 53. The difference is attributed to the joint action of
several causes:—(i) The corrections for a constant pressure
thermometer are about double those of a constant volume instru-

ment. This correction applied to Callendar and Griffiths' result

would raise it about o-i°. (2) Callendar and Griffiths have used
a value for the gas constant which is larger than that obtained
by more recent experiments. Adopting the latter value, the
boiling point would be raised to 445". (3) The divergence may
be due to the expansion of the reservoir. The most accurate
way of determining this is by the interference method of Fizeau'.

This method is used with small pieces of the material, and the
author has employed it to determine the coefficient of expansion
between 0° and 100°. Extrapolation to 450° might cause
errors The linear expansion has recently been determined by
Bedford between 0° and 84.0° by a comparator method. The
homogeneity of porcelain is doubtful, especially when glazed,
and the great differences occurring between the expansions
obtained from the above methods is attributed to the change in
form of the tube in Bedford's experiments, brought about by un-
equal thickness and want of homogeneity and consequent
unequal expansion. The author therefore adheres to his value
of the boiling point obtained from the expansion by the Fizeau
method, whilst recognising the uncertainty attaching to the
application of the coefficient of expansion of the reservoir over an
interval four times as great as that over which it was determined.
—A paper on a comparison of impure platinum thermo-
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meters, by Mr. H. M. Tory, was read by Prof. Callendar.

The object of this paper is to investigate the probable order
of accuracy attainable in the determination of high temperatures
by the use of ordinary commercial specimens of platinum wire.

Five wires were compared, from 400° to 1000° C. The funda-

mental coefficients of the wires varied within 40 per cent, of the

maximum value, but the temperatures observed by them when
calculated on the platinum scale by means of the ordinary

simple formula, did not differ by more than 9° at 1000° C.

Each wire was directly compared with a pure standard wire,

the two being wound side by side in the same tube. Curves
have been drawn with the platinum temperatures of the standard

wire as abscissae, and the differences between the temperatures

indicated by the two wires compared as ordinates. These curves

are all straight lines, within the limits of observation, and hence
the determination of two constants is sufficient to enable us to

compare an impure platinum thermometer with the standard,

and therefore with the scale of the gas thermometer. The two
constants can at once be obtained from observations at the boil-

ing point of sulphur and the freezing point of silver, and thus a

practical thermometric scale can be established, which between
o°and 1000° never differs by more than two or three degrees from

the gas scale.—Prof. Callendar said he was unable to agree with

the correction to his observations suggested by M. P. Chappuis.

He considered that the uncertainty in the coefficient of expan-

sion of the gas was due to uncertain changes in the volume of

the bulb, and to uncertainty in the coefficient of expansion of

mercury. The fundamental coefficient of mercury was
•00018153 according to Regnault, •00018216 according to the

later reduction of Broch, and •00018256 according to experi-

ments by Chappuis with a hard glass bulb. It made a difference

of no less than 4 per cent, in the fundamental coefficient of ex-

pansion of the glass, according as the original results of

Regnault, or the value found by Chappuis, assuming the linear

expansion of the glass, were adopted. The importance of the

changes in the volume of the bulb had been fully pointed out,

and a method of taking approximate account of these changes

had been explained in the paper on the boiling point of sulphur

in 1890. Unfortunately the glass employed was rather soft, and
the changes of volume which occurred were too great to

permit of the most accurate determination of the coefficient.

The boiling point, when corrected for the smaller expansion of

the bulb, came out lower than 444'53°. With regard to porce-

lain, Prof. Callendar did not consider it a good material, on
account of the glaze. He did not think that the average co-

efficient of a tube or bulb over a large range of temperature could

be inferred from a small and possibly asymmetric specimen. The
results might be less inconsistent in the case of homogeneous and
well-annealed metallic bulbs. The correction for the expansion

of the bulb was, he believed, given by the expression ilt =
{(Z-\-bQ)t{t- 100). He did not agree with M. P. Chappuis that

the correction w^s independent of c, although the va'ue of b

was certainly most important at high temperatures. He also

wished to take exception to the method adopted by Chappuis of

calculating the correction of the nitrogen thermometer. Accord-

ing to Joule and Thomson, the correction should be greater
;

according to other authorities, it might be less. He hoped to

discuss this in a further communication to the Society. Mr.
Glazebrook said that, although he placed confidence in Chap-
puis' formula for a definite piece of porcelain between certain

temperatures, he thought further and careful work was necessary

before fixing on a formula for ordinary use. Prof. Carhart said

he would like to see a comparison made between the results of

experiments with gas thermometers and those with platinum

and platinum-rhodium couples. Mr. Rose-Innes expressed his

interest in the behaviour of nitrogen about 100° C, as mentioned

in M. P. Chappuis' paper. Dr. Lehfeldt said the peculiarities of

the nitrogen scale between 70" and ^'0° might be explained by

the reversal of the properties of nitrogen between o°and 100°.

—

A paper on the law of Cailletet and Mathias and the critical

density was read by Prof. S. Young. The law of Cailletet

and Mathias is very nearly, though in most cases not absolutely,

true. It appears to be only strictly true when the ratio of the

actual to the theoretical density at the critical point has the

normal value 377. The curvature of the " diameter" is gene-

rally smaller the nearer this ratio approaches its normal value.

The curvature is in nearly every case in opposite directions,

according as this ratio is greater or less than 377. The curva-

ture is generally so slight that the critical density may be calcu-

lated from the mean densities of liquid and saturated vapour at
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temperatures from about the boiling point to within a few de-

grees of the critical point with an error generally not exceeding

I per cent. If, however, the critical density is calculated from

the mean densities at low temperatures, the error may be

considerable ; in the case of normal decane it is between 5 and
6 per cent. The law does not, as a rule, hold good at all for

substances the molecules of which differ in complexity in the

gaseous and liquid states. Mr. Rose-Innes said that in his paper

the author had used the generalisations of Van der Waals,
although the author himself had shown that they were not

strictly true. Prof. Young said that the generalisations held in

some cases, although they did not in others. In all cases they

were approximately true, and it was therefore advisable to use

them, and study the results as far as possible.—The Society then
adjourned until next October.

Chemical Society, June 7.— Trof. Thorpe, President, in

the chair.—The following papers were read.—Condensation of

ethyl acetylenedicarboxylate with bases and /3-ketonic esters, by
S. Ruhemann and H. E. Stapleton. Ethyl acetylenedicar-

boxylate reacts with benzamidine to form a substance of the

CPh:N. /N:CPh
probable constitution, I ^C : Q,(

\
, which the

NII.CO^ ^CO.NH
authors term glyoxaline red.—Condensation of phenols with
ethyl phenylpropiolate, by S. Ruhemann and F. Beddow,
Sodium phenoxide reacts with ethyl phenylpropiolate, yielding

a substance of the constitution CgHg.CiOCeHs) : CH.COgEt

;

this ester is easily hydrolysed, and the acid readily loses carbon
dioxide, giving phenoxystyrene, CHg : C(OC6H5).C6H6.—The
constitution of pilocarpine, by H. A. D. Jowett. Isopilocarpine
yields on oxidation a lactonic acid of the constitution

CH(CH3)2.CH.CH.CO.H
I I ;

o-co
the alkaloid also contains the groups :NH and rNCHj.—The
nitrogen chlorides derivable from metachloroacetanilide and
their transformations, by F. D. Chattaway, K. J. P. Orton
and W. H. Hurtley.—The persulphuric acids, by T. M. Lowry
and J. H. West. A quantitative study of the equilibrium
established between sulphuric acid, hydrogen peroxide and
" persulphuric acid " on mixing the former two substances,
affords evidence indicating the existence of the acids H.JO2.4SO3
and H.jOj.aSOj in a mixture of sulphuric acid and hydrogen
peroxide.—On diphenyl- and dialphyl ethylenediamines, their
nitro-derivates, nitrates and mercurichlorides, by W. S. Mills.

—

Derivatives of cyanocamphor and homocamphoric acid, by
A. Lapworth. The halogen derivatives of cyanocamphor are
reduced to cyanocamphor and homocamphoramic acid,

C8H,4'C02H).CIIo CONH2, by strong aqueous alkalis.

o-Bromo-homocamphoricacid,C8Hi4(C02H).CHBr.C02H,made
by heating homocamphoric dichloride with bromine, can be con-

/ CH.CO2H
verted into homocamphoric acid, C8Hi4<f I ,

—

\co.o
The ultra-violet absorption spectra of some closed chain carbon
compounds. II. Dimethylpyrazine, hexamethylene and tetra-

hydrobenzene, by W. N. Hartley and J. J. Dobbie.—A study
of the absorption spectra of ^-oxycarbanil and its alkyl deriva-
tives in relation to tautomerism, by W. N. Hartley, J. J.
Dobbie and P. G. Paliatseas.—Action of formaldehyde on
amines of the naphthalene series (II.), by G. T. Morgan. The
action of formaldehyde on etliyl-3-naphthylamine in cold acetic
acid solution results in the formation of 2 : 2-diethyldiamino-
I : l-dinaphthylmethane.—The bromination of benzeneazo-
phenol(II.), by J. T. Hewitt and W. G. Aston.—Condensa-
tion of ethyl crotonate with ethyl oxalate, by A. Lapworth.
Ethyl 7-oxalocrotonate, CO2Et.CO.CH2.CH : CH.COaEt, is

formed by the action of sodium ethoxide on a mixture of ethyl
crotonate and ethyl oxalate ; it is converted into o-pyrone-a'-

CH.CH : C.CO2H
carboxylic acid,

||
|

, by hydrochloric acid.—
CH.CO.O

Researches in silicon compounds. VI. On silicodiphenyldiimide
and silicotriphenylguanidine, by J. E. Reynolds. On heating
silicophenylamide, Si(NIiCfiH3)4, the diimide, SiCNCeHs)^, and
silicotriphenylguanidine, Si(NC6ll5)(NHC6H5)2, are obtained.—
Note on Bach's hydrogen tetroxide, by H. E. Armstrong.
Linnean Society, June;.—Prof. Sydney II. Vines, F.RS.,

President, in the chair.—Mr. R. Morton Middleton exhibited a
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letter, dated "London, 13 June 1788," in the handwriting of

Sir J. E. Smith, addressed to Charles Louis L'Heritier, at Paris,

in which he mentioned a visit to Oxford with Sir Joseph Banks
and J. Dryander for the purpose of looking over the plants and
drawings of Sibthorp, who was then lecturing there ; and added
some critical remarks on several species of Sida which
L'Heritier had sent him for determination. Mr. Middleton
also exhibited an engraved portrait of Sir J. E. Smith from the

Gentleman^s Magazine, 1828, which, with the letter, he
presented to the Society.—Mr. F. Enock, with the aid of the

lantern, exhibited several photomicrographs and photographs of

living insects, and gave an illustrated account of the life-history

and metamorphoses of a dragonfly (^Eschna cyaiiea).—Mr.
E. S. Goodrich read a paper, entitled "Notes on Syllis vivipara,

Krohn." This worm, which he found in a tank at the Naples
Laboratory, appeared to be identical with that described by
Krohn in 1869 {Arch. f. Natutg. xxxv. p. 197^ and in general

form resenibled Claparede's Syllis Aunandi (probably S.

prolifera, Krohn). The peculiar point of interest was its

method of reproduction, the embryos growing within the body-
cavity of the parent to an advanced stage (when they resemble

the adult except in their smaller size and fewer segments), and
escaping by the breaking off of the posterior portion of the

parent's body.—Dr. Otto Stapf read a paper on the two
Melastomaceoui genera Dicellandra, Hook, f., and Phaeoneuron,
Gilg. He showed that the differences between them are not in

the heterandry and homoeandry respectively, as was supposed,

but in much more important characters which concern all those

parts which affect the formation of the fruits and seeds. The
diagnoses of the two genera must therefore be revised, with the

result that Phaeoneuron and Dicellandra change their character

as monotypic genera.—A paper was read by Miss A. L.

Embleton giving a full account of the anatomy and histology of

Echitirus tinicinctus, received from Prof. K. Mitsukuri, of

Tokyo.
Cambridge.

Philosophical Society, May 7.—Prof. Clifford AUbutt,
F.R.S., in the chair.—Exhibition of anomalous bones from pre-

dynastic Egyptian skeletons, by Prof. Macalister, F.R.S.

—

Ammocoetes a Cephalaspid, by Dr. Gaskell, F.R.S. The
paper contained evidence that Ammocoetes was the living

representative of the ancient Cephalaspids.—Note on some
abnormalities of the limbs and tail of Dipnoan fishes, by H. H.
Brindley. Lepidosiren and Protopierus sometimes exhibit

partial bifidity of the limbs and tail. This condition of the

limbs of Protopierus has received some speculative attention,

and it has also been suggested that a branched limb of Lepi-

dosiren might have a respiratory function. Boulenger and
Howes have since shown that Protopierus may regenerate its

limb in a branched condition, and sections of branched limbs

of Lepidosiren show histological features clearly suggesting a

reproduced condition. Budgett and Kerr have noticed a con-

siderable tendency to injury and reproduction of limbs and tail

in both these fishes—and there can be no doubt that the repro-

duction is often bifid. A parallel is therefore afforded with the

bifidity sometimes seen in lizards' tails, which in all cases

examined are reproduced structures. In some of the latter

there is evidence that the extra tail is a new growth arising from
an injured place, and in others that the new growth is bifid from
its commencement. In the cases of Lepidosiren examined the

latter condition alone seems to hold.—On the standardisation of

anti-venomous serum, by W. Myers. It was shown that

Calmette's method was based on views which were no longer

tenable ; and, further, that a special mixture of snake venoms
is required. A more accurate measure of the antitoxin was to

test its neutralising power, using ten times the minimal lethal

dose of unheated Cobra poison, and mice of 15 grams weight

as test animals. With this method it was possible to estimate

the serum to within 15 per cent.

Royal Meteorological Society, June 20.—Dr. C. Theo-
dore Williams, President, in the chair.—Mr. W. Marriott read a

paper on rainfall in the west and east of England in relation to

altitude above sea-level. This was a discussion of the mean
monthly and annual rainfall for the ten years 1881-90 at 309
stations which the author had grouped according to the altitude

of the stations above sea-level. The western stations were
considered to be those which drained to the west, and the

eastern stations those which drained to the east of the country.

The diagrams exhibited showed that there is a general increase

in the annual amount of rain as the altitude increases, and
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that the rainfall is considerably greater in the west than in

the east. The monthly diagrams brought out prominently

some interesting features, among which were (i) that the

monthly rainfall in the west is subject to a much greater range

than in the east ; (2) that in the west the maximum at all altitudes

occurs in November, but in the east it is generally in October ;

(3) that in the west the spring months, April, May and June,
are very dry ; and {4) that both in the west and east there is

a very great increase in the rainfall from June to July.—A paper
by Mr. J. Baxendell was also read, giving a description of a new
self-recording rain-gauge designed by Mr. F. L. Halliwell, of

the Fernley Observatory, Southport. This rain-gauge, which
"the author believes approaches very closely to an ideal standard,

^Jiasalso the merit of being constructed at a moderate price.

Paris.

Academy of Sciences, June 18.—M. Maurice Levy in the

-chair.—On the monument erected to Lavoisier, by M. Berthelot.

The monument is now finished, and will be unveiled on July 27.

—The problem of the cooling of the earth's crust treated from
Fourier's point of view, but by a much simpler method of integ-

ration, by M. J. Boussinesq.—Actinometric observations during
the eclipse of May 28, by M. J. Violle. A diagram of the

results obtained is given which closely approximates to the

theoretical curve, the divergence being mainly due to the lag of

the instrument, but also apparently in part owing to an absorp-

tion of heat by the solar atmosphere. The minimum ratio

deducted from the observations was 0'I2, distinctly less than the

ratio of the radiant surfaces, 0"I4. Two sets of observations

•were carried out, one on the Pic du Midi, at a height of 2860
metres, and the other from a balloon, at a height of about 10,000
metres.—On the formation of nitric acid in the combustion of hydro-
gen, by M. Berthelot. Hydrogen was burnt frgm a jet in oxygen
-containing varying amounts of nitrogen, and also in the calorimetric

bomb at pressures of from one to twenty atmospheres, and the

amounts of nitric acid formed determined. The proportion of

fnitric acid formed was greatest in the bomb, and increased with
the initial pressure of the gases.—The combustible gases of the

atmosphere : the air of towns, by M. Armand Gautier. Air is

•drawn, after careful purification from dust, moisture and carbon
dioxide, over red-hot copper oxide, and the amounts of water
and carbonic acid determined. The mean results for twenty-
two days was i"96 mgr of hydrogen and 6 "8 mgr. of carbon
per 100 litres of air; but these quantities become 3 96 mgr.
and I2"45 mgr. respectively when a correction is applied for

the incomplete combustion effected by the particular length of

copper oxide used.—The last eclipse of the sun and the zodiacal

light, by M. Perrotin.—The occultation of Saturn by the moon
of June 13 last, by M. Perrotin.—On the formation of beds of

stipite, brown coal and lignite, by M. Grand'Eury. In the

formation of brown coals marsh plants were the chief factor,

trees only occurring rarely.—M. Dwelshauvers-Dery was elected

a Correspondent for the Section of Mechanics, and M. D. P.

<Ehlert a Correspondent for the Section of Mineralogy.—Obser-
vations of the total eclipse of the sun of May 28 last, made at Arga-
jmasilla, in Spain, by M. H. Deslandres. The work undertaken
included the measurement of the velocity of rotation of the

corona, and the examination of its ultra-violet spectrum ; the

study of the ultra-violet spectrum of the reversing layer ; the

calorific spectrum and the direct photography of the corona.

—

The partial eclipse of the sun of May 28, at the Observa-
tory of Toulouse, by MM. Montingerand, Rossard and Besson.

The results obtained were confined to direct observation of

contacts, measurement of the common chord, photographic
observations and the knowledge of meteorological phenomena.
—The total eclipse of May 28 studied at Elche, by M. J. C.
Sola. Photographs of the spectra of the chromosphere and
corona were taken.—Observations of the shadow fringes made
during the total eclipse of the sun of May 28, by M. Moye. —
•On the uniform integrals of the problem of n bodies, by
M. Paul Painleve.—On the general theory of rectilinear con-
.gruences, by M. A. Demoulin.—On the expansion of fused silica,

by M. H. Le Chatelier. The mean coefficient of expansion of

fused silica for a temperature range of 0° to 1000° is o'ooOjOoo;,

the smallest coefficient known for any common substance.

—

Action of oxidising agents upon alkaline iodides, by M. E.
Pechard. A study of the interaction of alkaline iodides with
potassium permanganate, sodium periodate, potassium man-
ganate, ozone and hydrogen peroxide.—Study of the viscosity of

sulphur at temperatures above the temperature of maximum
viscosity, by M. C. Malus.—On the selenides of iron, by M.

Fonzes-Diacon. Several selenide? of iron can be prepared of
the composition indicated by the formulae FeSe2, Fe2Se3, Fe3Se4,
Fe-Scg, and FeSe. They are attacked by hydrochloric acid
with difficulty, FeSeg being unaffected by this reagent.—The
true atomic weight of boron, by M. G. Hinrichs. From two
analyses of boron carbide made by M. H. Gautier, the author con-
cludes that the true atomic weight of boron is exactly 11.—Action
of sulphur dioxide and hydrogen sulphide upon pyridine, by M. G.
Andre Sulphur dioxide gives a crystalline compound with
pyridine, C5H.5N.SO.2, and the action of suphuretted hydrogen
upon this gives pyridine trithionate and tetrathionate.

—On the a;8-dimethylglutolactonic acids, by M. E. E.
Blaise.—On the reserve carbohydrates in the seed of Tri-
folium repens, by M. H, Herissey. A mannogalactane was
isolated from the seeds of Trifolium repens, resembling in

its properties the carbohydrates obtained from lucerne and fenu-
greek.—Presence bf iodine in the blood, by MM. E. Gley and
P. Bourcet. Iodine was found to be present in the blood of
dogs in amounts varying from "013 mgr. to '06 mgr. per litre of
blood. The iodine is in the liquid portion of the blood existing

combined with proteid matter, analogous to the iodine in the
thyroid gland.—Reality of urinary toxicity and of autointoxica-

tion, by M. A Charrin.—On the anticoagulating power of
serum in the pathological state, by MM. Ch. Achard and A.
Clerc. Human blood serum, when present in sufficient

quantity, prevents the coagulation of milk by rennet, the quantity
of rennet solution required to produce coagulation measur-
ing the activity of the serum. The anticoagu'.ating power of
the serum is unaffected by many diseases, but in others, such
as pneumonia, septicemia with acute nephritis, uterine cancer,

and advanced tuberculosis, this power is reduced to one-half or
even less.

Cape Town.

South African Philosophical Society, May 2.— L.

Peringuey, President, in the chair.—Mr. Sclater exhibited a
portion of a bons found at a considerable depth below the surface

in Grave Street, and presented to the Museum by Col. Feilden.

The bone was obviously the upper portion of the radius and ulna
of a large ungulate animal ; it appeared to be too large for an
ox, and Mr. Sclater suggested that it might perhaps be that of a
hippopotamus.—The Rev. Dr. F. C. Kolbe read his paper,
entitled "Ultimate analysis of our concept of matter." The
lecturer first briefly stated the four prevailing views on the

subject—the mechanical, the dynamic, the vortical, and the

scholastic or Aristotelian. The first two theories being for various

reasons rejected, the lecturer stated that the purpose of this

paper was to reconcile the third and fourth.
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PROTOPLASM.

Allgenieine Biologie. By Prof. Dr. Max Kassowitz. Vols.

i. and ii.. Pp. xv + 411, and x + 391, (Vienna:

Moritz Pedes, 1899).

A B.A.D hypothesis is better than none at all, is a
^"^ saying of which many have taken advantage ; but

able minds have agreed with the substance of the remark,

and few can dissent from it in connection with that ever-

lasting puzzle— Protoplasm. It is in vain to inveigh

against the uselessness of speculations as to the structure

or constitution, nature—what you will—regarding the

physical basis of life, or regarding attempts to picture,

however roughly, the movements, rearrangements and

evolutions in that veritable witches' dance, the quadrilles

of the molecules in which life consists. The inquiring

mind is so constituted that it cannot resist the temptation

to fashion some rough hypothesis as a tool wherewith to

make one more attempt to pick the lock which hides the

secret, and the criticism of the serious as to the futility of

his eftbrts is no more powerful than the epigram of the

debater to prevent him returning to the ruins of previous

speculations, with renewed efforts to rebuild his frail

image of something approaching, as nearly as may be,

the inconceivably complex, and exposing it once more
to the blows of the critic.

To those who are hopeless, let the more hopeful point

out the difference in our present ideas of the nature of

protoplasm from those of twenty years ago, and say

whether no advances have been made.

In this extraordinarily well-written work, it is satisfac-

tory to see that the word Biology is used in the sense of

"the science of life," and not in the restricted and often

unintelligible way so common in Continental works. Still

more satisfactory is it to find here a carefully thought out

plan of re-examination of the fundamental phenomena of

life, and of " the physical basis of life," on which is erected

a hypothesis with bold outlines and stately proportions,

yet carefully and minutely fitted details, in conformity

with the rapidly advancing knowledge of the last two

decades.

The subject of " AUgemeine Biologie," as treated by
the Viennese professor, resolves itself under the following

headings :

—

I. "Aufbau und Zerfall des Protoplasmas," forming

the theme of the first volume, which is further sub-

divided into: (i) "Das Problem des Lebens und die

Versuche zur Losung desselben "
; (2) "Aufbau des

Protoplasmas "
; and (3)

" Zerfall des Protoplasmas."

II. The second volume is entitled " Vererbung und
Entwicklung."

The third and fourth volumes are not yet to hand, but
we are informed that they will deal with " Stoff- und
Kraftwechsel der Thiere " and with " Nerven und Seele "

respectively. That they will be eagerly looked for by all

who have read the two at present under review is a safe

prophecy.

Kassowitz takes his stand on the conviction—the

reasons for which are given at great length in the first
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half of the first volume—that previous hypotheses as to

the nature of protoplasm, based on assumptions that any

structure visible after treatment can be translated in

terms of its structure during life, break down on examin-

ation equally with those which would regard protoplasm

as a mere emulsion ; and that all attempts to explain

what is going on in living protoplasm, which have for

their basis the assumption that oxidations, reductions,

and metabolic changes generally are carried out in the

fluids bathing any such machinery of the protoplasm

also fail to withstand criticism. The thermodynamic
theory of life fails because the engine itself burns, and
the value of a substance as food has no relation to its

combustible value. It might have been added that

Pfeffer had already shown this in his treatise " Zur

Energetik der Pflanze." The osmotic theory of the

botanists breaks down, because it attributes to the cell-

sap an importance which a mere solution under such

conditions does not possess ; the fermentation theory

fails to explain more than a few bye-phenomena of life,

and has no help for us in questions concerning synthesis

;

the electro-dynamic theory breaks down because electric

phenomena are least obvious just where we should most
expect them. The molecular-physical theory assumes

vibrations and the shaking asunder of molecules which

are so stable that it is impossible to believe that they

could be shattered and others escape under the con-

ditions imposed ; while the vitalistic theory is a mere
confession that what is to be explained needs explanation.

Underneath or behind all the assumptions of micelUe,

gemmules, biophores, determinants or other formed struc-

tural units, as well as all material networks, rods,

spherules, fibrils, pellicles and foams, Kassowitz detects

the question—Of what are these physiological units

and structures composed ? And he regards the funda-

mental fallacies underlying all previous hypotheses

regarding the constitution and working of living proto-

plasm as chiefly two :— viz. the assumption that proto-

plasm is composed of proteids built up into some sort of

more or less stable machinery, and that the chemical

and other changes usually comprised in the term

metabolism are carried on outside or merely in contact

with this machinery

—

e.g. in a meshwork, or on the

surface of the physiological units.

He therefore proposes to examine in detail, and step

by step, what comes of deductions made from the hypo-

thesis that protoplasm consists of molecules, in the

chemical sense, but of extreme complexity, large volume,

and very labile, hnked one to another in series, and each

requiring for its construction, not only proteids, but also

fats, carbohydrates and the mineral salts known to be

indispensable for life. And that every vital act consists

in destructions and reconstructions of these molecules.

To obtain a coarse picture of this invisible structure

we may suppose extremely tenuous fibrils of india-rubber

joined up into a complex network and bathed in a fluid

which contains the necessary ingredients for putting in

new pieces wherever, by stretching the net too far, we
break the elastic strands ; such breakages will occur

especially between the nodes, and immediately the gaps

are bridged over again by new fibrils, or networks of

such, further extension, breakage and restitution are

possible.
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The linked up chains and networks of protoplasm-

molecules—which do not correspond to the networks of

coagula of other hypotheses—are termed stereoplasm^

the bath of liquid containing proteids, carbohydrates,

fats, minerals, molecular oxygen, etc.

—

i.e. in which are

dissolved all the food-materials as well as all the products

of shattered molecules—is termed hygroplastn. The
osmotic attraction for water of the newly formed mole-

cules (imbibition) would set up pressures resulting in

such ruptures of the linked up series.

Kassowitz supposes that every molecule of the stereo-

plasm is liable to disruption when stimulated by any

mechanical shock, chemical reaction, thermal or electri-

cal radiation, &c., and that the immediate results of the

shattering of a given molecule are somewhat as follows.

The products of disruption are partly atom-groups which

at the moment of disruption display unsaturated affini-

ties of so energetic a character that they split the mole-

cules of atmospheric oxygen brought into the hygro-

plasm and combine to form saturated compounds such

as CO2 and OHg
;
partly atom-groups containing nitro-

gen, which rearrange themselves into bodies such as pro-

teids, and can be utilised again in building up new
protoplasm-molecules, or temporarily stored, or excreted

bodies of various kinds.

The combustions involved in the formation of CO2
and OH2, and constituting respiration, of course result

in the evolution of heat : they are, in fact, explosions,

and each such explosion acts as a new stimulus and
shatters more protoplasm-molecules, with results and
consequences as before, and it is this repeated play

which constitutes the propagation of a stimulus—either

irregularly in all directions or, if the stereoplasm is

linked up more especially along certain tracts (nerves), in

definite directions. The accumulation of metabolic

products may result in blocking the mesh works, and so

impeding the access of oxygen, and the activities slow

down accordmgly. In the pauses of rest between such
destruction changes, the building up of new protoplasm-

molecules is accomplished, and this act of restitutive

construction is assimilaiioti, while the interposition of tHfe

new molecules between those already in existence is

growth.

In illustration of the kind of forces at work in the

construction of a new protoplasm-molecule by assimila-

tion, Kassowitz points to such phenomena as selective

crystallisation, whereby a minute crystal of Glauber's

salt, for instance, in a mixture of the same substance

and saltpetre induces the crystallisation of the former
only ; and to such cases as mixtures of two optically

active salts in which the crystallisation of one only is

determined by introducing a minute crystal of like

optical activity, and to other cases where sub-

stitutions of one atomic group by another can be
brought about. These illustrations are not intended to

serve as examples of what happens, but to show that

the forces concerned in chemical attractions may well be
those at the bottom of the phenomena of assimilation of

like to like in the stereoplasm, or of the building up into

the complex molecule of protoplasm of atom-groupings

of similar or not very dissimilar nature ; and although we
have no hope of following the various stages in detail, it

is argued that stereochemistry has at least taught that
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forms and configurations may result from such molecular

phenomena as those indicated.

The arguments to show that the unstable protoplasm-

molecule, the lability of which is increased by radiant

energy absorbed from without, is itself devoid of oxygen,

is capable of reducing highly oxidised food-substances,

of absorbing water and setting up osmotic phenomena, of

giving rise to metabolites of various kinds, &c., &c., are

too long to reproduce here, and I must content myself

with one illustration only, of the many given in the re-

mainder of the first volume, to show the application of

the hypothesis to special cases.

When the pseudopodium of an Amoebi has reached a

certain development it suddenly retracts, or rather

collapses, for Kassowitz regards the phenomenon as a

rapid tumbling to pieces of the molecular structure,

owing to stimulation : certain protoplasm-molecules are

shattered, atom-groupings of carbon and hydrogen split

the molecular oxygen and are at once burnt to CO^ and

OH2, the heat-vibrations evolved during the combustion

shattering mdre molecules, and so on, throughout that

part of the mass. This process exhausted, a period of

restitution sets in, and new molecules are built up from

the fragments of proteids, carbohydrates, fats and

mmeral substances at disposal, and become interpolated

between those which had escaped destruction, and a new
pseudopodium is put out by assimilative growth. Among
other arguments for the view that this is really a process

of growth, Kassowitz points out that the rate of protrusion

of such a pseudopodium, rapid as it appears under a

high power, is really not much more rapid than the

growth of a stem of asparagus, a mushroom or a

bamboo.

The most interesting part of the second volume will,

for most readers, be those dealing with the questions of

variation and evolution.

Having elaborated his theory of the essential structure

and mode of working of protoplasm, Kassowitz proceeds

to consider the complexities which arise, first, on the

differentiation of the nucleus and " germ-plasm," and

then on the further divisions of labour involved in multi-

cellular organisation. In these cases the nucleus, internal

cells, &c., obtain for their immediate environment, not the

outer world, but protoplasm exposed to the action of the

latter and modified by it. Whereas undififerentiated proto-

plasm obtains its supplies of food and energy direct from

the environment, the nucleoplasm can never do this, as it

never comes in contact with it. Its protoplasm-molecules

must select their assimilable materials from the fragments

of shattered cytoplasm molecules, and ifany modifications

in the modes of disruption and reconstruction of the

molecules of the stereoplasm—i.e. in the " somatoplasm "

of authors

—

have been brought about by the actioti of the

environment, the slightly altered atomic groupings and

modes of disruption thus put at the disposal of the nucleo-

plasm

—

i.e. the "germ-plasm" of authors—will affect the

building up and modes of disruption of the new mole-

cules of this, and these in their turn react again, and

so on.

This short summary of a long argument must serve

to indicate the nature of the author's grounds for con-

cluding that Weissmann's contention against the trans-

mission of acquired characters cannot be upheld. It ifv
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also the basis on which Kassowitz founds his theory of

variation, which latter he regards as always due to the

action of the environment, translated in slight differences

1n the mode of breaking down and reconstruction jf

protoplasm.

It is impossible to summarise vol. ii. in a review with

any hope of doing justice to the criticisms—some of them
undoubtedly clever—of contemporary writers on evolu-

tion, Weissmann especially coming in for lengthy and
severe treatment, particularly with regard to the theory

of determinants, and his peculiar views on the meaning
of amphimixis, natural selection, and acquired characters.

It must sufifice to say that Kassowitz offers—assuming
the validity of his fundamental hypothesis—what he

: egards as convincing arguments to prove the essential

truth of Darwin's conclusions as to the inheritance of

adaptations, of the effects of use and disuse—in short,

of the gradually accumulated effects of the environment

on the somatoplasm, until the latter is so altered as to

affect the germ-plasm, and so fix and hand on the changes.

The author regards the theories of pangenesis and
their like, equally with such as Haeckel's suggestions as

to transmissions of modes of vibrations, as far too com-
plex : his chief objections are that it is to him incon-

ceivable how every structural part could be represented

by a physical unit or by a mode of motion transferred to

the germ-plasm, and that he cannot see how those who
conceive this can get over the difficulty that such vibra-

tions would annul each other as their paths cross, or

that the pangenes, biophores, determinants, &c., would
get lost on the road. Further, these latter units are, by
hypothesis, themselves living, and hence the real

difficulty is only shelved.

Kassowitz, however, only demands of his germ-plasm
that it be made up of a certain, and probably not a very

large number of similarly built and very complex, but

not infinitely complex, molecules. He does not suppose
that every form-unit of the future organism is repre-

sented, but that certain characteristic atom-groupings

out of the chemical units of the somatoplasm are utilised

in the architecture of the molecule of the germ -plasm,

and that in ontogeny these atom-groupings make their

effect felt, either directly or indirectly, by the way of

correlations of various kinds.

This is true epigenesis. In the developing organism
every part is formed anew, from a substance in which
none is especially represented. The forms and arrange-

ments which ensue are simply the results of the activities

of the atom-groupings already there, working on the

materials supplied. When these latter have been assimi-

lated— /.i-. built up into protoplasm molecules—they
e.xert their cumulative effects on more substance, and
also modify those already present by serving as new
environment—and so the process of evolution proceeds.

Every now and again a slight variant gets its play, and
the results may be far-reaching ; but, on the whole, the

dominant play of the constellations of molecules at work
leads to what we term uniformity—a relative term.

While fully appreciating and endorsing Darwin's con-

clusions as to the importance of artificial selection,

Kassowitz appears to undervalue the power of natural

selection, curiously enough, because he, like so many
others, cannot imagine it to be effective in the early
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stages of adaptive changes. He thinks acquired char-

acters must have reached a certain stage of perfection

before natural selection can come into play, and argues

that when such a stage is reached selection is unneces-

sary, because so many individuals have already got the

adaptation. Kassowitz appears to me to here betray the

position of a laboratory philosopher as opposed to a field-

naturalist. His own hypothesis points to the laborious

accumulation of the effects of repeated stimuli and
repeated readjustments : some have survived, others and
far more have perished— is this not natural selection?

There seems to be some confusion of thought expressed

in implications that natural selection is incompetent to

explam the origin of variations, which primarily it was
never intended to do.

In one or two cases, indeed, the Viennese professor

appears to me to have completely misunderstood the

position—to an extent so remarkable that the question

obtrudes itself, whether the whole argument must not be
vitiated into which such misapprehension has crept.

To quote one instance only. He admits that the struggle

for existence between closely allied varieties, races, or

species has resulted in the death of some races, &c., but

objects that many plants and animals in the past

" nicht auf diesem Wege ihren Untergang gefunden
haben, sondern durch ungiinstige aussere Bedingungen
und feindliche Einwirkungen, also durch Trockenheit,
Ueberschwemmung, Kalte, Nahrungsmangel oder iiber-

legene Feinde vernichtet wurden, dass sie also nicht

im Concurrenzkampfe, sondern in einem mit ungen-
iigenden Mitteln gefiihrten Abwehrkampfe unterlegen
sind" (vol. ii. p. 131).

But what does all this imply if not selection due to the

environment, and the struggle for existence ?

To find a paragraph like this followed by the question

— Is it conceivable that such struggle for existence can

have led to any adaptive arrangement whatever? almost

takes away one's breath, because it is so totally beside

the issues raised by Darwin. The only explanation

appears to be that Kassowitz must be combating some

foreign misinterpretation of the views of the great master.

In spite of these and otfaer faults— I take it, no botanist

will accept the explanation of geotropism (vol. i. p. 280)

—

this remarkable book appears to me to be a valuable con-

tribution to the literature of evolution, well worth read-

ing if only for the numerous criticisms and suggestions

scattered throughout its fascinating pages. These, by

the bye, are not few—there are nearly 750 pp. of text, and

more than that number of notes. It may be that

the glamour of the style and the beauty of the theme

have led me to pass too lightly over the failings, and to

over-estimate the good ; but the good is there.

We have heard much of late about useful knowledge.

From the point of view of those who regard all know-

ledge as "useless" which cannot be directly applied to

the material improvement of man, the books before me
are indeed of little worth ; but to those who draw distinct

lines between knowledge and learning— information and

education—no apology will be needed for the conviction

that a treatise of this kind is especially welcome at the

present time. It is not only instructive, but stimulating

to a degree, and of the highest educational value to the

biologist of to-day. H. Marshall Ward.
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PITMANESE PHONETICS.
Introduction to English, French, and German Phonetics,

with Reading Lessons and Exercises. By Laura
Soames. New Edition revised and edited by Wilhelm
Victor, Ph.D., M.A. Pp. xxvii + 178 + 89. (London :

Swan Sonnenschein and Co., Ltd., 1899.)

THIS new edition of Miss Soames's work, which was
designed by the authoress to provide a convenient

method of teaching the pronunciation of the English,

French and German languages, will no doubt prove useful

to those teachers who believe in the advisability of teach-

ing pronunciation by means of Pitmanese. The book is

in no sense a scientific treatise on phonetics ; the portion

which deals with the production of the sounds of the

the three languages treated of is simply a very good and
useful exposition of the obvious : the main point of the

book is the elaboration for teaching purposes of a

phonetic alphabet which in many respects falls far short

of our ideal of what a phonetic alphabet should be, if

such a thing need be constructed for teaching or any other

purpose at all, except for the use of scientific students

of linguistic phenomena. E.(!^. the authoress uses "«"
to express the indetermmate vowel sound : now nobbdy
ever pronounced the as "dha "

; when it is not fully pro-

nounced "dhi," it is pronounced as a German would
pronounce "dho" : to write it "dha" is most mislead-

ing. Also, the final -er in English absolutely = the

German o ; crozier is pronounced " krozyo," though Miss
Soames would tell us to pronounce it " krozhar." She
writes gardener as " gadnar " : now if we pronounce
a true r m gardener at all, it is most certainly in the

first syllable (where it is usually sounded as a faint

guttural, a sort of feeble ayift), and not at the end of

the word : gardn'6 or ga>dnd. Generally speaking, Miss
Soames connives at the tendency of modern English to

weaken the r, and represents it as being far weaker than

It really is : in the same way the tendency to lose the

distinction between witch and luhich is in no way com-
bated by Miss Soames. She spells, most inconsistently,

" when," " which," instead of " hwen," " hwich " (hwic),

the proper phonetic spelling. Again, to teach a child to

pronounce Sassenach as " Sas/nec/^ " (Pt. i. p. 109), and
Lochinvar as '' Lo/^invar " (Pt. li. p. 64), is an extremely

slipshod proceeding, if it be not a mere solecism on the

part of the authoress.

In the German phonetic spelling one or two weak
points may also be pointed out. The expression of hard

f>^ b y ;ir is a mistake : this appears to give the ordinary

symbol for ks in the Latin alphabet a value which

it does not possess : every learner cannot be expected

to know that the Greek X (Russian x), which does

possess the value of hard ch, has been trans-

ported into Miss Soames's phonetic alphabet to

express this value. It would have been better to

have used the small Greek type and have written

Nacht " Naxt," not " Naxt." We do not like the

adoption of 5 to represent final -g after front vowels and

consonants, as in Sieg, Berg, &c., either ; a wrong primary

impression is again given, and the fact is lost sight of

that it is an ^-sound, not a /&-sound, which is in question.

Why not use the symbol well-known in the translitera-

tion of Egyptian and Assyrian, h, for this sound, keeping

X for hard ch and final -g in Tag., &c. ? Sieg would
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then be phonetically written " Zih." Miss Soames also

made 5 stand for the ch-%onnd. in manches ; this is in-

correct, ch here = "hy" ("manhyez"), a sound quite

^istinct from the final -h of Sieg.

The authoress appended a list of " Loan words used
in English," a large portion of which is made up of

words and phrases which are not loan words at all ; e.g.

ancien regime (I), abattoir (!!), and Aphrodite (111). On
the other hand, such words as abatis, accolade, aegis, or

aiguillette (which is presumably what the authoress

means by " aiguille"), are loan words. In this list some
mistakes of pronunciation occur, e.g. a fortiori should

be pronounced" on Miss Soames's system "ey fortio'rai,"

not " foshio'rai," a vulgarism which no person with

the slightest intelligent knowledge of Latin would ever

thmk of using ; anacoluthoti should be pronounced
" aenako'lia'tho'n, sounding the o, not " tenako'lyii'than "

;

Canaan " Kana'an," not " Keynan " ; Koran " Karan,"

not " Koran "
; and sheikh " sheg " (German " Scheech "),

not "shik," which is a terrible mispronunciation. On
p. 104, Eisteddfodd is given a superfluous final d ; and
on p. 99, the misprint Bacchus is noticeable.

On the whole, while this work may be regarded as

generally useful for the purpose for which it is intended,

it is unluckily marred by a tendency to perpetuate many
incorrect and vulgar pronunciations, and even by several

mistakes, some of them merely slipshod, others due to

ignorance, which the reviser ought to have corrected.

OUR BOOK SHELF.
Psychologic der Naturvolker. By Dr. J. Schultze. Pp.

xii + 392. (Leipzig : Veit and Co., 1900.)

In this study of primitive culture, Dr. Schultze passes

under review, from the standpoint of the psychologist, the

material which is the common heritage of the anthro-

pologists of to-day. Spite of the suspicions aroused by
a sub-title of nineteen words. Dr. Schultze's volume is an
unpretentious bit of work by a competent writer, whom
no phantasy of construction or love of paradox has led

astray from the patient use of authorities and the exer-

cise of a sober judgment. Dr. Schultze's first essays

in his subject were printed some thirty years ago. The
present contribution is self-contained, though for its

author it is but a part of a larger whole, preluded by
physiological psychology and a treatise on the psychical

life of plant and brute, and to be followed by a study of

childhood. It is naturally evolutionist in conception,

although the descriptive continuity which the author

maintains is accompanied by the refusal to allow that

the derivation of apperceptive consciousness from asso-

ciational, which irf the interests of a unitary view of

nature he might desiderate, has been adequately made
out. A feature of the book is the use made of English

authorities. Not only Spencer and Tylor, but McLennan
and Lubbock supply the writer with important doctrines,

e.g. in his account of the evolution of marriage. Mr.

Sutherland's " Origin and Growth of the Moral Instinct"

is recognised as having anticipated Dr. Schultze in much
which he would have been glad to have said, but, far

from being dismissed with a pcreat, is summarised in

an appendix. It is on fetichism and animism that Dr.

Schultze is most at home. Not that there is not much
else of interest on the alleged superiority of vision among
savages, on the concreteness of their philology, on the

relation of rhythm to melody, on the difference of the

sexes in regard to the sense of smell, on the evolution of

the sense for landscape, and the like. But to the topics
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of his earliest studies he returns as to a first love. On
the soul-theories of savages and the corresponding
eschatology he writes convincingly. The plurality of
souls in pulse and blood and breath and shadow, the
gradual elimination of some of these and the syncretism
of the rest, the place of the dream image in the evolution
of the cult of manes and in the selection of totems, the
literal and unsymbolic character of the latter, the order
in which the heavenly bodies enter into primitive
worship—these are the points on which Dr. Schultze
compresses year-long work into moments of insight and
selective description. Believing, as he does, that
Germany has a colonial future in direct contact with
primitive stocks. Dr. Schultze offers his essay to the
understanding of the savage as a help forward to the
achievement of the educational mission of his country.
A pious gift. H. W, B.

The Study of Bird-Life. By W. P. Pycraft. Pp. 240.
Illustrated. (London : George Newnes, Ltd. 1900.)

This little volume belongs to "The Library of Useful
Stories,'' now in course of issue by the publishers ; and
although it must have been difficult to compress a general
review of the leading facts of bird-life into such a small
compass, the author may be congratulated on the success
of his attempt. As Mr. Pycraft is a morphologist rather
than a systematist, it would naturally be expected that

he would incline rather to the morphological and phylo-
genetic aspects of his subject, and this we find to be the
case. We have, for example, an excellent chapter on
the morphology of the bird's wing, while two others
treat of avian pedigree, and a third is devoted to the
distribution of birds in space and time. Perhaps the
most specially interesting chapter in the volume is the
one dealing with the flightless birds and their fate, since
this is a sulaject on which the author is peculiarly qualified

to speak with authority.

Although, of necessity, written from a purely popular
standpoint, the volume contains many passages which
are well worth the attention of the scientific ornithologist.

If there be a fault, it is the introduction of irrelevant

matter, the place of which might have been better occu-
pied by details pertaining to the subject in hand. And
if a second edition be called for, the author will perhaps
be inclined to modify the statement in the tenth chapter,
that " the kind of rock" in which bird-remains are found
is sufficient to give a notion " of the bird-life of that
particular period of the earth's history." R. L.

An Introduction to the Differential and Integral Calculus
and Differential Equations. By F. G. Taylor, M.A.,
B.Sc. Pp. xxiv -f- 568. (London : Longmans, Green
and Co., 1899.)

The appearance of still another treatise of this kind
shows how earnest and how prevalent is the desire to

introduce students of physics to a knowledge of the
calculus at as early a stage in their career as possible.

The author has studied simplicity of treatment, but
has evidently striven to secure accuracy as well as clear-

ness and distinctness in his exposition of the principles
of the subject. A special feature, which will be of great
advantage to the ordinary student, is the detailed
discussion of numerous examples.

Interspersed throughout the several chapters the
student will also find an abundance of not too-difficult

exercises carefully graduated and with answers appended.
A fair and not excessive amount of space is devoted

to the subject of curves, and the illustrative diagrams are
distinctly drawn.
The section on the integral calculus concludes with

applications to volumes and surfaces of revolution,
centroids, and moments of inertia.

The last section of the book forms a good intro-

duction to the methods of dealing with ordinary
differential equations of the first and second orders.
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ENGLAND'S NEGLECT OF SCIENCE.

JUST before the first movement organised by Lord
Roberts there was probably not one thinking person

in England who was not ready to vote for an immediate
change in all sorts of English methods of doing things.

Consequently everybody was willing to listen to the

advice of men who had for years been crying in the

wilderness and prophesying disaster. Now, however,
that we have worried through our military trouble, we
shall probably feel so much ashamed of our intense

fright as to put aside most of our desire for reform, and
even to have less thought of it than before the war began.
It is, therefore, the duty of those who have earned the right

to a hearing to prevent the nation from sinking down into

its sleepy acquiescence with old methods of working ; and
I am glad to see that Sir Norman Lockyer, in his speech
at the Royal Academy dinner, referred to scientific edu-
cation as a great, necessary line of defence of our country,

secondary only to that of our naval and military forces.

Again, two articles have appeared in the Kblnische Zeitung
(March 10 and 11), which criticise our manufacturing
and business and military want of method with an un-

sparing pen. The German writer and many English
writers seem to think that we ought to copy Germany.
Nobody can feel more than I do the great necessity

which exists for reform ; but I think that our reform
must be far more thorough than anything which can be
regarded as a mere copying of Germany ; the methods
which we adopt must be English methods, invented by
Englishmen for Englishmen. If our methods are to help

to lead in the future to a history comparable in glory with

the history of the past, there must be a great common-
sense reform in education in England from top to toe.

My friends. Profs. Ayrton and Armstrong, and I have so

often pointed out the deficiencies of England in matters

which we have carefully studied here and in foreign

countries, that I hardly know whether an idea on this

subject is my own or one of theirs ; I do know, however,

that we preach often on this subject, and that we never
seem to be much attended to.

One thing that seems to be quite exasperating is that

almost all the most important, the most brilliant, the

most expensively educated people in England ; our

poets and novelists ; our legislators and lawyers ; our

soldiers and sailors ; our great manufacturers and mer-
chants ; our clergymen and schoolmasters, are quite

ignorant of physical science ; and it may almost be said

that in spite of these clever ignorant men, and men like

them in other countries, through the agency of a few men
who are not ignorant, all the conditions of civilisation

are being completely transformed. I do not merely mean
here ignorance of the principles of science, I mean also

ignorance of all those methods of working which come
from experimental and observational scientific training.

The great men go occasionally to popular scientific lec-

tures (as they go to the Royal Academy), and they think

that they comprehend something of the latest scientific

discoveries because they have seen some fireworks and
lantern slides ; they are genial to scientific men when
they meet them at dinner parties ; but, in truth, scientific

men are as much outside their counsels as sculptors or

painters, or musicians or ballet-dancers. Among these

great men a few visits to Albemarle Street are sufficient

to create a reputation for science. I wish to show that

this ignorance of our great men tends to create ignor-

ance in our future leaders ; is hurtful to the strength of

the nation now, and retards our development in all ways.

These great men really direct the building of ships of

war, and the creation of munitions of war ; that is, they

select the men who have to do these things, and they also

lay down the unscientific rules which prevent their

selected men from doing their work scientifically.

I will give an e.xample. They order that the building
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of five line-of-battle ships shall be started immediately.

The scientific constructor knows that he ought to throw

away—waste— 100,000/. in making experiments to find out

how the older type of ship may be greatly improved.

But his superiors have made the rule that for money ex-

pended there must be something to look at. Hence no
experiments may be made, and the constructor starts at

once to expend five millions of pounds on building ships

which are nothing like so good as they might be made.
Other examples. For many years huge guns were built

of tubes. It was known to the few scientific men who can
calculate about such things—the men who are never con-

sulted—that it was not possible to turn and bore those

tubes with the accuracy required by the theory. It

happens that nature applies a correction to a wrong
method of manufacture, and so these guns are not

useless. It is quite well known that a little science

and expensive experiment would cause the present

wire method of manufacture of guns to be discarded
for a simpler, quicker, better, cheaper system. The
water-tube boilers, so numerous in our Navy, have
proved as worthless as the best scientific men thought
them from the beginning, and possibly now it is absurdly
assumed that all water-tube boilers are useless. The
construction of efficient submarine boats was possible

thirty years ago. Many electrical and mechanical
engineering appliances that might be very useful to an
army or navy have never yet been tried under the direc-

tion of competent engineers. Above all—and this in-

cludes everything—men of scientific training are not
chosen for the Government, civil, and naval and military

posts where such training is necessary.

If our leaders were merely unscientific—if they were
merely like Boers, and had no scientific knowledge—it

would not be so bad, for they would probably appoint
scientific men to posts in which a knowledge of physical

science is needed, and they might accept the opinions of
scientific experts. Even if they were like savage chiefs

there would possibly be equal chances among all candi-

dates for posts ; but, unfortunately, it is as if our leaders

possessed great negative knowledge of natural science,

and as if a man's chances of being appointed to a scien-

tific post, or of having his advice listened to, were in

inverse proportion to his scientific qualifications.

Scientific men look around them and see that every-

thing is wrong in the present arrangements, but they also

see that it is useless to give advice which cannot be
understood by our rulers. And, indeed, I may say that

when by accident a scientific man is appointed on a
committee, there is a negative inducement for him to do
anything.

Many men enter the services by examination. In
some cases the examination is supposed to be in science.

In truth, the scientific habit of thought, the real study
of science, the very fitness of a boy for entrance to the
service, would unfit him for passing these abominable
unscientific examinations. For some posts—the Royal
Artillery and Engineer services, for example—further

scientific food is provided by the Government after a
man enters. If one wishes to hear how evil this system
of pretended education is, let him ask the opinion of some
of the professors who are condemned to help in carrying
it out. The whole system is foolishness from bottom to

top, and the men prepared by the system cannot see
how abominable it is even when they are afterwards
trying to improve it.

But however harmful the present state of things may
be for the Government services, I think that it is much
more pernicious for the country at large. We see that

the greatest intellects of our time have been developed
through an education other than scientific ; and . as
nobody can commend it for the mere knowledge given
at school, it is commended for its importance in mental
training.
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It has been so often asserted by parrots, that many
people do really believe that only mere mental train-

ing need be given until a boy is sixteen years of
age. When one hears such a statement for the hun-
dredth or thousandth time, he sometimes wonders if

anybody ever does think for himself. Why, the early
period of a boy's life is the time when he is not only
getting mental training, but also collecting the largest

part of all the knowledge that he ever will possess of
the world into which he has come. So great is this

stock of facts and theory, that when he looks back upon
his life in old age he can hardly find that he has added
much to it in the intervening years. Is he a musician
in after life ? then he certainly learnt his skill, acquired
his touch, trained his ear, and learnt thousands of airs

in early youth. Is he a poet ? it is to his earliest efforts

that he looks back most fondly, and it was in his early

youth that he learnt off by heart all the poetry that he
really knows well in after life. He learns to read and
write and cypher with ease and readiness ; is this mere
training of the mind ? This craze for mind-training is

really the worst thing that has happened to the hurt of

children. It does not seem to be known to the mind-
trainer that a child's mind grows most healthily when
let alone—when the child is picking up knowledge in

his own way. Give a boy a chance of seeing things for

himself, and direct him as little as possible. Is there any
kind of knowledge likely to be needed by him in after

life ? let him, when quite young, have some chance of

picking up something of it for himself. He learns about
people ; he cannot help it, as he lives among people.

I take it that whatever kind of knowledge the race

has been in the habit of picking up in youth is more
easily picked up than any other by a boy himself A
boy takes to thinking for himself so naturally that the

greater parts of some vile systems of education seem to

be the destruction of this habit. Yes, education often

means merely training a boy out of the way he zuould go
into the way that we poor creatures think that he should
go. And hence it is that the boy whose education is

neglected, but who has chances of seeing things for

himself, has often a much better chance in life than the

well-trained prig.

Now there is a kind of knowledge greatly needed in

life, that knowledge which is enabling us to fight with

and use the powers of nature as they never were
fought with or used before our time. The race is

not accustomed to picking up this kind of knowledge,

and so there i§ this one case in which artificial help

to the child is absolutely necessary. Natural pheno-
mena are complex ; let him have a chance of using

apparatus that will simplify these phenomena for

him. It seems to me that natural science is almost

the only study in which instruction from a father or

teacher will not obstruct a boy's own natural method of

study. And see hov/ many ways of study are offered by
it to a boy. Some of the sciences are greatly observa-

tional. If he is fond of abstract reasoning, he attacks

things from the mathematical side. If he is fond of fire-

works, he can attend popular lectures. If he loves to

make and fiddle with apparatus, and use it quantitatively,

he has an altogether new method of study. He may
choose which method he pleases ; the study is utterly

unlike a series of tasks ; he does not get to think of a

duty as something disagreeable ; and, above all, he is

encouraged to think for himself. Instead of constant

correction, criticism, and reproof or punishment because

he will think for himself, he is encouraged to consider

that opinions which he disagrees with are to be criticised

by him. If he feels that it is quite hopeless for him to

follow abstract reasoning, say about a whole being

greater than its part or the ratio of two incommensur-
ables, or justification by faith, we reply to him—Yes, my
boy, you have a good healthy mind like 98 per cent, of
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all English boys ; it is quite impossible for us to make a
seventy-year-old Alexandrian philosopher of you, thank
God I time enough for you to do that for yourself when
you have finished your educational course.

I say that this observational and experimental kind of
study is almost the only one in which it is possible for a
teacher to guide and instruct without doing harm—and
it is very important that a boy's studies should be
guided. Take the very clever boy who dislikes the
study imposed upon him, and who takes earnestly to

something else, his own choice, in which he has no
guidance. See how he becomes a " crank." A man
who might be of the salt of the earth if he could only
co-ordinate his opinions with those of other people, a
leader among men of thought ; he loves to differ from
.all other people, and wastes a valuable life in disputation.

I know that many readers will find it difficult to con-
sider this question ; they will find it impossible to see
things from a new point of view. As a rule a man has
no i)oint of view of his own, he never thinks for himself
except about certain matters that only concern himself
Even a learned man thinks, not on the subject of his

learning, but about his special methods of cataloguing
his knowledge, and of course it is only from this that he
can get any mental enjoyment. The dullest boy thinks
a good deal, and even the average man, although think-
ing for himself has been repressed in him all his life.

We ought to call all such people pedants, because they
never really think about things of general interest to the
world. It is extraordinary how general is the impression
of everybody that he really does think for himself and
comprehends what he says. At the age of fourteen I

wrote an excellent little essay on Chaucer ; I recollect
now that my knowledge of Chaucer was confined to a
i&w of the well-known extracts.

The opinions of educated young men change with the
moon, or rather with the period of publication of the
monthly magazines. A mathematical teacher uses the
same fallacious logic in some demonstration year after

year, and at length finds out his mistake from somebody
else. Learning seems to destroy all power to think.
From 500 A.I), to 1453 A.D. the scholars of Constantinople,
with all the learning of Greece and Rome, produced not
one original work.

I think that for a very clever boy any subject of study
is good enough, although not so good as natural science.
But Sanscrit, Chinese, or any other language and
literature, or astrology or divinity, is just as good a
medium as Greek or Latin, if all the best men of his
own time happen to use the same medium, and if it

enables him to come into mental contact with great men.
But what of the other 98 per cent, of all boys—the
average boys .^

The men who frame schemes of education really frame
them for boys such as they themselves were. Anybody
who cannot follow such a scheme is said to be stupid,
and he is so often called stupid that he actually gets to
think himself stupid. In this nineteenth century we do
not wish, as in the time of Erasmus, to produce merely a
itw learned men. At all events, if parents pay largely
for education, we do not think it fair to send back 98 per
cent, of their sons with the contract unfulfilled on our
part. Think of 100 boys being sent to a bootmaker who
had only one kind of ready-made boot of one size. He
sends ninety-eight of the boys back with feet so hurt by
trying on that they can never wear anything but slippers
all their life after ; he keeps their money, and compels
the boy? and their parents to take all the discredit of the
transaction. Christ's curse is on the schoolmaster when
he calls a boy a blockhead.

It is a very curious thing that when a boy has been
<alled a dunce a number of times he actually gets to

think himself a dunce, and in after life never blames
his schoolmaster ; he has only praise for the system
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of education. Men who have never been able to do
more than quote tags from the Latin grammar, or get
beyond the Asses' Bridge in Euclid, are usually quite

enthusiastic about the value of the orthodox education in

the training of the mind, and so we find engineers and
other illiterate persons advocating classical education.
A donkey might just as well brag of the enormous ad-
vantage it was to him in having once been kept about a
racing stable. But a much more curious thing is the
praise given by clever mathematical physicists to the
wretched system of teaching of Euclid which wasted their

youth. A well-known and exceedingly able and ingenious
scientific man praises the school teaching in physics and
chemistry which he had as a boy from a certain master
of his, and yet everybody who knew master and pupil

knows that the pupil became a scientific man in spite of,

and not through, the teaching of his master. Even if

such clever men were right as to suitability of a system
of training for themselves, they have no right to assume
that it is right for the other 99 per cent, of boys at school.

Classical education gets all the credit that ought to

belong to the other kinds of education that usually ac-

company it. A boy is at a good public school at which
healthy, moral, manly training of all kinds is given to the
usual manly type of boy. All the best masters are
probably good in classics. The boy's own prizes are for

classics, because there are not often scholastic prizes for

anything else. Success in classics has been always put
before him as the highest kind of success. The boys
whom he worships are all good in classics. Of course,

classics gets the credit for everything, including those
things that are good in spite of the classics. Even good
manners and tact and amiability, and I might almost say
good batting and bowling and fielding, are thought to be
due to the classics. The defenders of classics are

numerous, and miss no chances. A scientific friend of

mine, before a royal commission, commended the study
of Greek, because the Greek alphabet is so much used in

mathematics. Surely for such a purpose Chinese is ever

so much more valuable, as there are many more letters.

Again, it is said that the study of classics helps one
greatly in the study of modern languages. These de-

fenders forget that Russians and Japanese are the best of
linguists, and yet they seldom learn any Latin or Greek.
It is strange also to find so many English boys, trained

for years in Latin and Greek, who seem to find insuper-

able difficulties in learning a modern language. In any
case, I am inclined to think that there is too much in-

clination to force boys to learn modern languages. Some
boys learn easily ; for them the study may be good.
Others learn with extreme difficulty. Had they not

better study something else ?

Everybody is aware of the enormous difficulty of intro-

ducing a new invention, however valuable, if it involves

the "scrapping" of much existing machinery. Thus,
electric methods of working the District Railway have
not yet been introduced. The comfort of railway pas-

sengers everywhere is only slowly being attended to.

For this reason electric lighting proceeded slowly in

England and quickly in America.
Now all the machinery of a school head master is

fitted for the teaching of Latin and Greek. Every master
is able to teach Latin well to clever boys, and everything

good for mental training for clever boys in such teaching

is well known to him. These men with capital so invested

look with alarm on every new footing gained by science

in schools, and with a wisdom gained by experience they

introduce what they call science teaching, adopting

methods which are such as can only disgust boys and
their parents with the new study, and then they point to

their want of success as a proof that the study of science

affords no good education.

The prospect is very dismal ; for the capitalists whom
we fight against, whose interests we directly attack, are
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not only some of the very cleverest men of the country,

but they have the ears of nearly all the other clever men.

In the time of Henry VII. the new learning fought

and conquered the schoolmen, and England soon became

covered with good grammar schools. Then mathematics

came gradually in, fighting a hard fight till it has made
its way and established itself—not on equality terms,

but on terms of sufferance and recognition. To meet

modern wants, to equip our men for the fight of to-day,

we find that it is absolutely necessary to introduce the

study of physical science, and lo ! we have opposing us

the combined forces of classics and mathematics, each

with its own kind of weapon. The weapon of the mathe-

matical pedant is the more dangerous, for he says that

he already represents science.

This teaching of pseudo-science in schools has created

a manufacture of teachers. At all the universities we
are now manufacturing science B.A.'s and B.Sc.'s be-

cause there is a new profession where money may be

earned by the holder of such a title. This manufacture

is called scientific education, and our real scientific men,
pleased with the name, pleased at any experiment in

scientific education, afraid that if they object there \yill

be no education whatsoever in science, weakly give

their countenance to it. To illustrate what I mean :

—

.At the greatest of our universities there is an ex-

amination in which experimental physics plays an
important part. A friend of mine coaches men for

this examination. He tells them :
" Listen to my

coaching, read the books as I tell you, take care not to

attend the physics laboratory. For in one day's reading

you will get to know all that there is in thirty pages of

the book
; you may spend a month at the laboratory and

you will have gained practically nothing to fit you for

any possible kind of examination. The laboratory does
not pay." Of course he is right, but if mere learning, if

mere knowledge of certain facts, mere power to pass an
examination, are what is aimed at, surely there is no
scientific education here. My friend asserts that the

system by which he earns his living is abominable. The
whole thing is so wrong that one wants an earthquake or

a fire, one prays for wholesale destruction of the easily

working examination machinery.
I remember teaching physics at a school in which the

time for science was so limited that only one half-hour's

lecture per week could be given to the best men in the

school. There were about loo of them, from the sixth

and fifth forms. Some of them are now leaders of

English thought. Well, they were actually examined
once a fortnight—a paper examination, lasting an hour.

Of course, they were not examined on the two lectures
;

they were really examined on two chapters of the text-

book. I am told, and I believe, that in many of the

best girls' schools science is supposed to be taught by a
teacher reading things from a text-book, the girls taking
notes. I should think it an excellent system if girls are

required to pass the usual examinations.
Examinations are said to be in mechanics or dynamics,

or mathematical physics, or mechanical or civil engineer-
ing. They are not ; they are fraudulent substitutions of
the stupidest kind of mathematics for these sciences.

Assume something or other to be true, that the co-

efficient of friction is constant, for example, or that a
specific heat is constant, and, after covering the paper
with easy mathematical exercise work, arrive at mathe-
matic expressions which are as worthless as the mental
training is bad. What a wonderful and useful weapon
one possesses in mathematics 1 In the hands of a man
like Rankine, or Kelvin or Maxwell, it removes mountains
of difficulty. What a stupefying and useless weapon it

is in the hands of a skill- less person who cannot think 1

And our examination systems and methods of education
seem framed to cultivate one Kelvin to 10,000 of the
pedantic non-thinking users of mathematics.
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My theme has been the necessity for a complete change
in our system of early education of everybody. The
necessity is specially great in the case of the captains of
industry. Many people think that if men are to be
taught the scientific principles underlying the proper con-
duct of business or manufacture, it is only necessary to
establish Technical Schools for them. When I was
young I remember that there were many agricultural
colleges in Ireland ; they have all but one been failures.

Why ? Because the entering pupils were not fit to receive
instruction. Instead of their having been prepared for
instruction by their earlier education, this had done as
much as possible to unfit them. We have just this sort

of experience in our Technical Colleges. Great boys
enter them, and it is difficult to find out what are the
scraps of Euclid and mechanics known to these boys on
which one has a chance of building technical instruction.

It would almost be better to send such boys direct into
practical work ; they would probably do as well as the
average workman ; their fathers' influence and money
would get them superior positions, and in a country like

England they would do as well as their competitors in

business. Yet there can be no doubt that it is of the
utmost importance to our country, if we are to retain our
supremacy in manufactures, that all managers of works,
and many of the superior persons employed in large works,
should be scientific men, who are also well experienced
in the applications of science to their particular industry.

But this is not all. I have heard it said, quite truly, that

for a great mechanical engineering works what is needed
are well-trained managers and foremen, the best labour-
saving tools, and an army of negroes as workmen. I am
inclined to think that this statement is true ; but there is

something to be said for the employment of well-educated,
intelligent workmen. First, because they are citizens of
the country having votes ; second, because I believe that

all invention comes up from the common workman
These men make thousands of observations, which some-
how get to their superiors, and it is through these tha
inventions come unconsciously ; an inventor makes use of

ideas received from hundreds of men ; the invention is

truly his own, but he receives suggestions, unconsciously,
from the men who work with their hands at the bench
and in the machine shop. If then, I am right, the

manufacturing country that depends upon a i^"^ good
managers and an army of unintelligent slaves will fall as

the Roman Empire fell.

Now a workman's intelligence must come through his

trade, else he cannot be happy ; and if he is unhappy in

his trade he cannot be a good citizen or an efficient

workman (from the above point of view). At present we
pitchfork many boys into a factory, and depend upon the

good nature of the workmen for their learning their

trade. It used to be that a master taught such a boy his

trade as a member of his own family. This personal

teaching is no longer possible ; but nothing has taken its

place. Attendance of apprentices at evening classes

after a hard day's work is quite out of the question for

all but a small number of very clever young martyrs who
sacrifice, not merely their own health and comfort, but the

comfort of their families and their duties as citizens. I

have myself publicly suggested several times a remedy
for this state of things, which has been praised by com-
petent persons, but it seems to me that it is hopeless to

expect any adequate remedy to be applied until the

influential people of this country are made to see the

gravity of the present position.

The great remedy for all our troubles lies in con-

vincing all influential people in this country that we
really must make great radical changes. I have known
the subscribers of money to a large technical college in

England (the members of its governing board) to laugh,

every one of them, in private over the idea that such an

institution could do any good to the trade of their town.
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How could it possibly do any good when there was such
a spirit of unbelief among such people ? We must
create in England what already exists in Germany and
France, and to some extent in America—a belief in the
importance of scientific training everywhere. At present
there is utter unbelief, and it is due to a bad system of
education, which keeps everybody out of sympathy with
everything scientific. It is terrible to hear our designers
of bridges and steam engines and dynamos and great
engineering schemes laugh at science and calculation,

especially when one knows that foreign engineers are
sneering at our best men ; but it is well to know that,

in spite of their laughter, our engineers are doing their

very best to make use of all the true science that they
have ever learnt ; it is like gold leaf^very thin, but it

serves a useful purpose. What they see clearly is the

uselessness to God or man of such a so-called scientific

traming as they themselves had ; they do not dream
that there is a real scientific training possible by which
useful mathematical and other weapons for solving all

sorts of practical problems, handy to use and always
ready, may become part of the mental machinery of the
average man.
Four hundred years ago, reading, writing and cypher-

mg were taught badly, and practical men looked upon
them as things good to forget, things good for priests. If

a layman could read or write, he was probably a useless

person who, because he could not do well otherwise, took
to learning. What a man learnt was clumsily learnt ; if

he learnt much, he was fit for nothing but learning
;

usually he learnt little with great labour, and made no use
of it , therefore reading, writing and cyphering seemed
useless. Do they seem now so very useless ; now that

everybody can learn them fairly easily ? It is not so easy
now to say that a man is useless merely because he can
read, write or cypher. When I was an apprentice, and no
doubt it is much the same now, if an apprentice was a
poor workman with his hands, he often took to some kind
of study, which he called science. In fact, science got to

be the sign of a bad workman. But if workmen were so
taught at school that they all really knew a little science,

science would no longer be laughed at. When a civil

engineer or electrical engineer fails because he has no
business habits, he takes to calculation and the reading
of so-called scientific books, because it is very easy to

get up a reputation for science. The man is a bad
engineer in spite of his science, but people get to think
that he is an unpractical engineer because of his scientific

knowledge.
Germany has an enormous advantage just now in this,

that all thinking Germans, all influential men, believe that
their great success in commerce and manufacture has
come through physical science. Every manager and
foreman, every captain of any kind of industry in Germany
and Switzerland, has passed with honour through the
science classes of a great technical school. The money
that used to flow towards religious institutions now finds
its way towards the greater and greater development of
scientific education, so that Germany is getting covered
with universities of science.

The open-hearth process has enabled German ores of
iron to be used in steel manufacture. The war-earthquakes
have stirred up the German people to new life, have pro-
duced enthusiasm, and made all kinds of ambition respect-
able. Any one who knew such a tumble-down, poverty-
stricken town as Hanover forty years ago would not
recognise it now. There are miles of streets of the brightest
shops in Europe ; at anytime of the day or night one can
read a small print newspaper in these streets ; the streets
throng with traffic, and the electric tram-cars have ex-
tended the city far into the country ; and so it is in

hundreds of towns, and manufactures flourish in thousands
of places where the hare and partridge used to have the
scenery to themselves. I do not think that the progress of
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Germany would have been half so rapid had it not been
for the scientific education of the German leaders, but it is

absurd to say that all this progress is due to science. The
fact is that the whole world is developing its natural re-

sources. England had the start ; every country that has
coal and iron, or their equivalents, is competing with
England. The countries of greatest natural resources
can afford to neglect their scientific education longer than
others ; but, sooner or later, knowledge and method and
character must tell. If countries are equal in their natural
advantages, victory must remain with that one in which
there is the best education.

I have hitherto been reviling only the higher education
in England. Until quite recently there was no primary
education to revile. Let me put before my readers a true
contrast. In Scotland, at any time during the last loo
years and more, if in the very poorest parish there was a
boy of promise, a boy who showed a fondness for reading,
for learning, for taking in what then and now goes under
the name of education, a fondness for coming into con-
tact with great minds through books—the success of that
boy in life was . absolutely sure. However poor his

parents might be, however remote his humble home
might be from civilisation, he was sent to the university,

and got his chance. His nation gloried in his success,

even if his own poor country had to be left by him for the
richer field of England. Of all the great doctors and
ministers and scholars of Scotch blood now to be found in

London, only a very few can say that they were not ex-

ceedingly poor in their youth. Now contrast such a boy's
chances with those of a clever English boy some years
ago. Why, until the ever-to-be-praised Science and Art
Department gave him a chance, a poor English boy,
however promising, was compelled to eat his heart out in

unavailing regret, was taught that it was a sin to think of
bettering his condition, was taught that a decent educa-
tion was as remote for him as for the cattle he tended.

I believe that this difference was due to the fact that in

Scotland everybody thinks well of a good education, of
knowledge, of mental power, because he himself can
think, whereas in England education is looked upon with
contempt, because there is not one labourer in a thousand
who can think.

I do firmly believe that the Prince Consort saved this

nation from utter defeat, and that if we are not yet to be
defeated we must do as he would have continued to tell

us to do. Had he lived till now, this country would not
merely have the beginnings of a development of art and
science ; it would be covered with educational institutions

whose most important object would be scientific study,

a secondary leaning to literature not being neglected.

As it is, we have the merest dust of his mind expanded
into a wonderful Science and .A.rt Department, which is

criticised adversely only by the very ignorant or the very
prejudiced. Only people like myself, whose whole life

has been a paean of gratitude for what that department
has done for me and mine, who have seen in thousands
of cases that it has redeemed otherwise wasted lives

with enormous benefit to our industries, are really in a
position to imagine how much that great man might
have done for us if he had lived.

For one thing, just as the Science and Art Depart-
ment is the envy and admiration of foreigners

;
just as

it is an English institution, made to fit England and no
other country, so he would have developed scientific

education in England on lines utterly different from the

soul-destroying system of Germany or its imitation in

America.
Consider a scientific German as you know him. Say

that he is twenty-three or twenty-five years of age, and
he is about to enter business. From the age of seven
or less he has trudged to school, perhaps at 7 o'clock in

the morning, with a bag of books of half his own weight.

He had a short interval for dinner, and went on to
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6 o'clock at night. And he went on like that till now.

There is no fact in all his school books that he has

not heard a thousand times. He has had Goethe's

maxims so drilled into him that he is "thorough" in

every detail. I can imagine one Englishman in a

hundred, after such a training, patiently turning over

the muck heap of his knowledge ; his eye would not

^leam with any enthusiasm, but rather would glaze with

envy and jealousy at the undeserved success of quite

ignorant persons. And yet he would have knowledge,

and know in his way how to use it ; and it is because

•Germany has so many thousands of men trained in this

way that she is certainly beating us to-day. They may
be rather heavily loaded with learning, and I know that

decently taught Englishmen who spent less than half

the time at studies twenty times more interesting would
beat them hollow in manufacture or research, would
be the reverse of dull, and would be good citizens ; yet

the Englishmen I want on:lye»ist as yet by ones and
twos, and such Germans are numerous. But just think

of it ! Here we are, a hard-headed, obstinate, cool race

of men, who have had no end of chances in our safe

little island, whilst our enemies were fighting among
themselves, with coal and iron and the influx of good
foreigners to set us first in the new field, and we have
more than half of all the wealth of the world, and all

that is needed for our keeping our good things is that

we should believe them to be possibly evanescent ; that

there really is a chance that some better equipped nation

may take them away from us, and therefore that we
ought to prepare ourselves to fight for them. We have
many chances in our favour and we hardly use them ;

the competing foreigner is very energetic, and cultivates

his smallest chances. John Perry.

HUMAN BABIES: WHAT THEY TEACH.

AN investigator anxious to obtain information as to

the relationship of a particular species puts the
question " What characters do the young stages
exhibit ? " and in order to answer that question he makes
a study of the developmental phases exhibited by those
stages. He may argue that if he finds certain characters

in the young stages indicative of, and adapted to, habits of

life which the adults do not possess, then there must
have been a time in the ancestry of the species when
such habits of life were of particular value, otherwise
they would never have been developed. Or he may
simply give, as the reason for his method of research,

the concise statement "ontogeny repeats phylogeny," or

he may hold to the theory of acceleration of development
—which is more than a theory, because it is an actual

fact of palaeontology—that the characters of adult

ancestors tend to become the characters of youthful

descendants, thus producing specific diversity, without the

necessity for a theory of natural, or any other form of
selection, merely by inequality in the rates of develop-
mental acceleration in different stocks. Wherefore
vice versa the characters of youth must at one time have
been adult characters ; and their differences from those
of the adult indicate the degree of different environment
under which the adult ancestors lived.

The manner of expressing the reason for a method of
research may vary ; the method itself remains the same.
To know the past history of an organism, study the
young. That is a method of universal application. It

is the guiding principle of all researches into the past
history of organic beings. It becomes then equally
applicable to man himself ; and in that way the human
baby becomes an object of scientific attention. To study
the human baby in this manner, the aid of photography
is important ; it gives a permanent record of what would
otherwise be forgotten.
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The early attempts of a baby in the matter of progres-
sion are particularly instructive. The bipedal gait is not
attainable, indicating that the bipedal ability of the human
being is of quite recent acquirement. What the child

does show is either a truly quadrupedal method of pro-
gression, as in Fig. i, which is also said to be common
among children of uncivilised paients, or a kind of falsi-

fied quadrupedal progression on the hands and knees,
which obtains generally among children of civilised

parents, owing no doubt to impediments of clothes, and
to over-coddling. Both methods of progression point to

the same conclusion, though, of course, the former is the
better illustration—that the ancestors of man were
animals accustomed to a quadrupedal gait.

The influence of this quadrupedal gait of the ancestors
is very strong. The child really has to unlearn it, and
to readapt its hind limbs before it can attain the bipedal
method of progression. The necessity for such readapta-
tion, and the difficulty of acquiring the balance which
progression on hind limbs demands, make the child's

early efforts at walking so difficult. Observe a child

just able to balance itself momentarily on its hind limbs.

The insecurity of the position is shown by the attitude of

the arms—outspread to help the balance, and by the
feet being planted widely apart. The imperfection of the

hind limbs for a bipedal gait is particularly noticeable.

Fig. I.—Child ten months oU, on garden path.

The legs are not straight, but they are considerably bent

at the knee. That bending is incorrect for a bipedal

gait ; but it is a necessity of a quadrupedal progression,

and it is just the feature seen when a four-footed animal,

such as a cat, is induced to stand on its hind legs. In

learning to walk on its hind legs the baby has to make
many alterations in the anatomy of its hind limbs to fit

them for their new function ; and the human ancestors,

in order to pass from quadrupeds to bipeds, must have

had to do the same.
There is another feature noticeable in regard to such a

child in its first attempts at walking—the semi-clasped

position of the hands. That is natural, it may be said.

Certainly it is, but nevertheless a natural feature requires

an explanation, and may be of particular significance.

Such is the case here ; the semi-clasped position of the

hands is naturally and instinctively assumed because the

human ancestors had for so many generations been

bough-grasping animals, quadrupeds who lived among
trees, who particularly used their hands for grasping

boughs. Had they used the hands in a manner which

always produced extension, then the extended position of

the fingers would have become habitual.

Further evidence of the particular character which

generations of bough-grasping ancestors have given to

the hands of children may be obtained in this way. Get
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a series of school-children and ask them to hold their

hands out straight. The failure of the majority of them
to put out the fingers without some indication of the

bough -grasping curvature will be very interesting. In

some cases, especially among the younger children, the

inward curve of the fingers will be very noticeable ; and
their inability to fully extend the fingers will be marked.
A record of this inward curvature of the fingers may be
obtained by photographing the extended hands when
held against a dark background.
Even better evidence of the inherited bough-grasping

instinct is afiforded in Fig. 2. The child, about twelve
months old, has picked up a flower-pot, and it has done
so by dabbing the hand down upon it in the manner
in which a monkey would catch at a branch. It has not

made use of the thumb as an adult would do ; but it has
caught the rim of the flower-pot between the fingers and
the palm of the hand, and in that manner has raised it

up to its mouth. The sympathetic grasping attitude of
the other hand may not be without significance ; for

although an arboreal animal like a monkey can sustain
its weight by one hand, yet there would generally be a
tendency to grasp with both hands at the same time in

order to relieve the one arm. of all the weight.

Fig. 2.—Child grasping a flower-pot.

A sympathetic action of this kind is very noticeable
among children in regard to the use of the legs, and
similarly it may be referred to the habits of arboreal
ancestors. If a young child be put to hang on to a rope,
which it will do very well long before it can support its

weight in the ordinary human manner on its hind legs, or
if it be merely lifted up by the hands, it will at once
show a disposition to swing up its legs as if to catch at
something. And this would be very natural in an
arboreal quadruped. .AlS soon as it grasped a bough with
its arms, it would swing the legs up in order to grasp
with the hind hands (the feet) either another bough, or
in many cases the tree-trunk.

The inherited effects of grasping tree-trunks, or limbs
with the hind hands are particularly marked in a young
child. There is first of all, common to most babies,
more or less of the bow-legged character which such
trunk grasping would produce in arboreal animals. And
then if a quite young child be held up so that its feet
touch the ground, it will be seen that the outer portions
of the feet rest on the ground, while the soles of the feet
are not in position for being put flat, but are more or less
opposed to one another in the manner suitable for trunk-
,^ rasping. Often, too, when the baby is lying down, the
Kreat flexibility of the ankle joint may be noticed ; and
the child will be seen to do, without an effort, what it

would be very difficult for an adult to accomplish— it will,
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\vitl\out bending the knees, bring the soles of the feet

flat, opposite to one another. It is quite a common^
thing for a baby to turn the sole of its foot so that across
the sole is in a straight Ime with the inside of the leg.

One habit after another, one action after another whicb
a child performs may be seen to be quite out of keeping
with what may be called human instincts, but exactly ir^

accordance with the habits of arboreal animals. And
so there is an accumulation of evidence, on the ontogeny
repeating phylogeny principle, that the human ancestors
were monkey-like animals, arboreal in their habits. One
of the first things that the human baby does is to climb,

and to climb persistently. It will climb its crib, or a
footstool, or the fender, and particularly the stairs. Given
a fair chance, and it will develop a perfect mania for

stair-climbing and a bump of locality as regards the
position of the stairs in the household geography—if such
a bull may be permitted. Then it will make for the
stairs on all occasions, to climb with crows of pleasure.

It may experience tumbles, when it will lie and howl, not
so much on account of injury as at the unexpectedness-
of the catastrophe. But on recovering it will at once
make for the stairs again, showing how strongly the
climbing instinct is developed.

. And the climbing instinct lasts till later in life. Youngr
boys, and girls too, must climb. The stairs themselves
have become too small for their efforts then, but the
bannisters remain, and they must climb up outside these,

and hang on from various points which give any facility

for arm exercise. The disposition for arm gymnastics is

very marked in children who are not repressed in the
unnecessary conventional manner. And it is a pity that

it does not receive more systematic encouragement,
because it would be beneficial for chest expansion in^

growing children. As matters stand now such exercise

as is permitted favours leg development only, while all

school work promotes contracted chests and rounded
backs—at any rate with the girls. Boys are rather more
fortunate. They are not troubled by an ever-rampant
Mrs. Grundy preaching lessons on deportment. They-
retain the monkey habits of tree-climbing and bird-

nesting. If any one reflects how important a prize to a
hungry monkey a bird's nest of eggs must be, then he
will understand how the inherited instinct can be so-

strongly developed among boys.

However, I am wandering somewhat from the human
baby, and I will return thereto by asking consideration

for what should be commonly observed in any family, a
child with a pleased expression. There is one point in

such expression which has not received due considera-

tion, namely, the raising of lumps of flesh each side of the

nose as an indication of pleasure. Accompanying this,

though difficult to bring out in a photograph, may be
seen small furrows, both in children and adults, running

from the eyes somewhat obliquely towards the nose.

What these characters indicate may be learnt from the
male mandril, whose face, particularly in the breeding

season, shows coloured fleshy prominences each side of

the nose with conspicuous furrows and ridges. In the
male mandril these characters have been developed,

because bemg an unmistakable sign of sexual ardour
they gave the female particular evidence of sexual feel-

ings. Thus such characters would come to be recognised

as habitually symptomatic of pleasurable feelings. Find-

ing similar features in human beings, and particularly iiv

children, though not developed in the same degree, we
may assume that in our monkey-like ancestors facial

characters similiar to those of the mandril were developed,

though to a less extent, and that they were symptomatic
of pleasure, because connected with the period of court-

ship. Then they became conventionalised as pleasurable

symptoms.
Darwin's idea of Antithesis with regard to the expres-

sion of emotions does not commend itself. There is not
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space now to consider the subject fully ; but it may be

broadly stated that methods of expressing pleasure have
all arisen from habits and actions employed in self-

gratification—the satisfaction of the bodily requirements

—either in self-nutriment or in procreation. But they

may not be the actions employed by members of the

species under its present-day conditions. And in the

young they would certainly not be so ; they would be the

crystallised epitome, if such a term be allowed, of the

habits and actions which proved successful with ancestors

when they lived in a very different environment. Striking

coloration of the face with ridges and scar-like markings
would not now give pleasure to the sexes of the human
species in their civilised condition ; but the face of the

male mandril is evidence of their having done so and still

doing so among monkeys, and the practice of face paint-

ing, perhaps also of tattooing among savages, is evidence
of the monkey habits having been inherited by the human
species, and still finding favour among its members.

In the matter of pain, the idea that the expressions
which indicate it go back to ancestors living under very
different conditions is excellently brought out. Expres-
sions would be the special muscular actions performed
under the stimulus of a feeling of injury—such actions as
were necessary to alleviate the pain, those necessary to

Fig. 3.—a child crying.

prevent further pain, or to escape from the danger indi-

cated by the pain, and those which were employed in

revenge on the inflicter of pain, on the principle that

destruction of the cause of injury would be the surest

method of prevention.

Therefore, one of the first things that pain prompts an
animal to do is to exhibit and prepare its weapons of

offence. In the case of the human baby such weapons
of offence would be those which would have been
employed by the pre-human ancestors. The picture of

the crying child. Fig. 3, illustrates this. The peculiar
squareness of the open mouth, caused by retraction of

the lips at all four corners, is on purpose to exhibit the
fighting weapons, the canine teeth ; although, as a matter
of fact, the canine teeth have not yet been developed.
But the instinct to open the mouth so as to show canine
teeth has been inherited from pre-human ancestors who
habitually made use of these teeth in order to fight.

There is another feature in this picture, the tight closing
of the eyes. This is to protect the eyes from injury

during fighting. I photographed a cat which I pretended
to strike. There was the same closing of the eyes ; and,
for a similar reason, a throwing back of the ears out of
harm's way ; and besides there was the paw ready to

strike the assailant. I photographed another cat being
teased. There was just the same opening of the mouth
as in this picture of the baby, and the canine teeth, which
were then disclosed, showed exactly what the cat's inten-
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tions were, that they were just the same as that expressed
by the throwing open the portholes, and the running out
the guns which we so often used to read of in accounts
of men-of-war.
The lessons which the human baby can teach as regards

the past history of its race are very numerous. I have
only been able to glance at some of the more important

;

but they are sufficient to show that the subject is one of
wide range and considerable interest.

S. S. Buck MAN.

NOTES.
Last Thursday a combined meeting of the Royal Society and

Royal Astronomical Society took place at Burlington House,
when the observers who went away for the recent eclipse com-
municated the results of their observations. As the reports have
not yet been published, we are unable to give an account of

them. We have received from Prof. Langley a preliminary

account, which we hope to print next week, of the expedition

which went under his direction to Wadesboro, U.S.A., to observe

the eclipse. The photographs he has obtained surpass any that

have ever been taken at an eclipse, and speak volumes for the

employment of instruments of great focal-length.

The new physics laboratory of Owens College, Manchester,

was opened on Friday last by Lord Rayleigh. Particulars as to

the ceremony and the equipment of the laboratory will appear

in our issue for next week.

The Conference on Malaria, which was to have been held

under the auspices of the Liverpool School of Tropical Medicine

at the end of the present month, has been postponed in order

to avoid clashing with the celebration of the Centenary of the

Royal College of Surgeons of England and other gatherings.

We regret to notice the death, at Manchester, on Monday last,

of Dr. Daniel John Leech, a well-known physician, and
professor of Materia Medica and Therapeutics in Owens
College. As chairman of the Pharmacopoeia Committee of the

Medical Council he had charge of the publishing of the last

edition of the British Pharmacopoeia, and his name had been

recently mentioned as the probable president of the British

Medical Association. Dr. Leech was in his sixty-first year.

The death is announced of Prof. Corrado Tommasi-Crudeli,

secretary of the class of mathematical, physical and natural

sciences in the Reale Accademia dei Lincei. Tommasi com-

menced his career in 1859 as demonstrator of pathological

anatomy at Florence, after studying with Claude Bernard, of

Paris, and Duchenne In 1862 he went to study pathology

under Virchow, at Berlin ; the next year he delivered a course of

lectures on pathological histology at Florence, and in 1865 he

was appointed professor ordinarius of anatomy at Palermo.

During an outbreak of cholera in the following year, Tommasi
rendered valuable services by his study of the disease and its

mode of propagation, and published a well-known memoir

on the subject. In 1870, Tommasi was called to Rome,

where he was first appointed head of a newly-formed department

of pathological histology. Later, he carried out extensive

researches on the propagation of malaria. While his researches,

conducted in conjunction with Klebs, have been superseded by

recent discoveries, the general conclusions to which he was led

have not only ..been substantially confirmed, but have received

their true explanation in the new doctrine of the propagation of

malaria by mosquitoes.

During the past week the summer meeting of the Institution

of Mechanical Engineers has been held in London, and proved

a successful gathering, interesting not only because of the various

papers read (the titles of which, excluding an additional one,
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^by Mr. E. Goffe, on "The Construction of 'Long Cecil,' a

47-inch Rifled Breechloading Gun in Kimberley during the

Siege 1899-1900," have already been given by us), but from the

fact of a number of members of the American Society of

Mechanical Engineers being present. To these a most hearty

welcome was accorded.

The thirty-second annual convention of the American Society

of Civil Engineers was opened on Monday last at the Institu-

tion of Civil Engineers. The proceedings were inaugurated

by an address of welcome from Sir Douglas Fox, the president

>>f the Institution of Civil Engineers, and the presidential

address was delivered and several discussions took place.

The Audiffret prize, of the value of 15,000 francs, has been

awarded by the Academy,of Moral and Political Sciences of

Paris to Dr. Yersin for 'his discovery of the anti-bubonic

serum. The prize is awarded at regular intervals for the

"greatest devotion to scientific discovery."

The Pharmaceutical Society announces that the Salters'

Company Research Fellowship is now vacant. The subject of

the Fellowship is chemistry considered especially in its relation

to pharmacology, that is, the application of the newest methods

of scientific chemistry to the elucidation of pharmacological

problems. The Fellowship is of the annual value of looA, and
is tenable in the Research Laboratory of the Pharmaceutical

Society for one year, but may be renewed under certain con-

ditions, and the holder is expected to devote his whole time to

original investigation. Candidates need not necessarily be

pharmaceutical chemists or members of the Society. The last

day for receiving applications is Saturday next.

The Balbi-Valier prize, of the value of about 120/., has been
awarded by the Venetian Institute of Sciences to Prof. Grassi,

of Rome, for his work on the mosquito and its relation to

malaria.

A PRIZE of the value of 1000 marks is offered by the Scientific

Society of Danzig, in connection with its 150th anniversary, for

a paper on the geology of North Germany.

The German Society of Mechanical Engineers offers a
premium of 60/. and a gold medal to the designer of the best

system of high-speed electric railways for heavy traffic.

Designs must be submitted by, at latest, October 6 next.

The Lavoisier Monument which is being erected on the

Place de la Madeleine, Paris, in close proximity to the house in

which the famous chemist lived for many years, will, according

to the Chemist and Druggist, be formally inaugurated on July 27
by the French Minister of Public Instruction. The statue has
been erected by international subscription under the auspices of

the Paris Academy of Sciences. The sculptor is M. Barrias,

and the monument will consist of a bronze statue of Lavoisier,

on a pedestal, bearing on two sides bas-reliefs showing Lavoisier

working in his laboratory with Mme. Lavoisier writing under
his dictation, and Lavoisier expounding the result of his experi-

ments at a meeting of the Academy of Sciences. The scenes

have been created from authentic documents.

A monument has been erected to the memory of Dr. Jean
Hameau, the obscure general practitioner of the Gironde, who,
in 1S36, published a study on viruses, in which he partly antici-

pated the discoveries of Pasteur. The statue t^'as unveiled

recently at La Teste de Buch, where Hameau practised.

Addresses were delivered by Dr. Laude, the Mayor of Bordeaux
and President of the Medical Syndicates Union of France, Prof.

Lannelongue, of Bordeaux, and others. Hameau was born in

1779. and died in 1851. His claim to be considered a precursor
of Pasteur has been publicly acknowledged by Prof. Grancher,
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and it is probable that had he been possessed of the laboratory

accommodation and means of investigation available at the

present day, the microbe theory of disease would have been

established fifty years sooner than it was.

Prof. H. F. Osborn, of Columbia University and the

American Museum of Natural History, has, according to

Science, been invited to succeed the late Prof. Cope as verte-

brate palaeontologist of the Geological Survey of Canada.

Mr. W. E. D. Scott, curator of the ornithological depart-

ment in Princeton, announces, says Science, that the British

Museum has presented to the University two thousand mounted
birds, specimens from India, Australia and the Malay Islands.

Some time ago the University presented the British Museum
with 250 sets of North American birds' eggs.

It is announced that the repairs to the Arctic steamer

Windward have now been made, and the vessel was expected to

sail by about July i. The IVindivard will proceed directly,

with a call at Disko, to Etah, North Greenland, Lieut.

Peary's winter quarters, where instructions from him will

doubtless be found, or if not, will be awaited. The vessel

will take with her the maximum quantity of coal, ad-

ditional lumber, oil, sugar, arms, ammunitions, provisions,

scientific instruments and everything necessary for Lieut. Peary's

work, including two new whale-boats, specially built at New
Bedford, and thoroughly equipped in every detail. Upon the

arrival of the Windward at Etah, Lieut. Peary will assume

command, and further movements will be subjected to the

conditions of his work and to his instructions. No pas-

sengers will be taken on the Windward, the Danish Govern-

ment having qualified their permission to land at the Greenland

ports, with conditions that tourists should not be carried. If

Lieut. Peary has succeeded in carrying out his plans, that is

to say, if he has discovered the North Pole, he will, says the

Scientific Avierican, return with the ship. If not, the supplies

will be landed. It is possible that the Windward will bring

back the Robert Stein party, which was landed near Cape
Sabine by the Diana in August last.

A BOTTLE has, it is reported, been found on the shore at

Roundstone, co. Galway, containing a printed card directing

the finder to forward the contents to Captain Ernest Andre,

Polar Expedition Company, Sweden, and stating that it was

thrown from Major Andre's balloon in the Arctic regions with

a view to testing the ocean currents. The bottle has been

forwarded to the Board of Trade.

Sets of volumes on naval architecture, and on the history of

the British Navy, have been presented by the Institution of

Engineers and Shipbuilders of Scotland to Prof. Arnold, of the

Sheffield Technical School, as a token of appreciation of the

lecture delivered by Prof. Arnold on "The Internal Archi-

tecture of .Metals."

A MEETING was held in the rooms of the Royal Meteorological

Society some time ago to consider the question of a memorial to

the late Mr. G. J. Symons, F. R.S., when it was resolved

unanimously that the memorial should take the form of a gold

medal, to be awarded from time to time by the Council of the

Royal Meteorological Society for distinguished work in connec-

tion with meteorological science, and an executive committee

was appointed to take the necessary steps for the raising of a

fund for the purpose. The committee now appeal to the

fellows and members of the societies with which Mr. Symons
was associated, to the rainfall observers, and to all who have in

any way benefited by his advice and assistance, to conlribute to

this memorial fund, which it is hoped may reach the sum of at

least 750/. Contributions should be paid to Mr. W. Marriott,
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70 Victoria Street, Westminster, S.W. ; or to the " Symons

Memorial Fund," Bank of England (Western Branch), Burlington

Gardens, W.

An Anti-rabic Institute for India is, says the special Indian

correspondent of the Lancet, at last an accomplished fact.

After numerous delays. Government have stepped in and prac-

tically settled the difificulties. The Royal Army Medical Corps

having an officer in Major D. Semple who had studied in Paris

and Lille, determined to utilise his experiences, and the annual

expense for sending soldiers to Paris was diverted for the new

institute. The central committee of the proposed Pasteur In-

stitute saw their opportunity and took over its control. With

a capital of 70,000 rupees and a yearly grant of 19,500 rupees,

the expenses of the new institute ought to be fairly well met.

Residents in India may be congratulated that at last means are

provided whereby European and native patients alike can be

offered the best available treatment for the terrible disease of

rabies.

Dr. L. Sambon and Dr. Low, the two medical men en-

trusted by the British Government with the perilous task of

testing the possibility of guarding against malarial infection in

the Roman Campagna, have, according to the Lancet, at length

found a favourable place for their purpose. After rejecting

various other localities as being for one reason or another unsuit-

able, they have selected a spot about two miles distant from Ostia,

between Castel Porziana and Castel Fusano, and within five

minutes' walk of the latter place. The site of their hut is on

the edge of a "stagno," or swamp, forming part of the royal

hunting demesne of Castel Fusano, and left undrained in order

to preserve the: wild boar, water fowl, &c. , which frequent it.

The hut will stand close to a canal containing a luxuriant growth

of algse and other aquatic plants, and within a stone's throw of

a clump of pine trees, which forms the outskirts of the Castel

Fusano pine forest. The few dwellings near are inhabited by

peasants who constantly suffer from malaria and are infested by

mosquitoes of the anopheles variety. Situated thus in the heart

of the swamps surrounding the mouth of a large river, among
the haunts of innumerable mosquitoes of the malarial variety,

and in a locality notorious as one of the most deadly of the fever-

stricken centres of the Roman Campagna, this dread and un-

healthy spot appears to offer ideal conditions for the carrying

out of the interesting but dangerous experiment now about to

be begun. The two daring investigators hope to have every-

thing in readiness early in the present month ; in the meantime,

their time is profitably occupied in studying the animal and

insect life of the Campagna, collecting and examining frogs,

lizards, bats, spiders, mosquitoes, and the like. They have

already made some interesting observations, as, for example,

that although the larvce of anopheles are at this season appar-

ently very few, the adult mosquitoes are collected in the houses

in great numbers, being especially numerous near byres and

stables. The King has graciously given his consent to the

erection of the hut in the royal preserves, and the municipality

of Rome are doing everything in their power to help the enter-

prise.

The annual general meeting of the Jenner Institute of Pre-

ventive Medicine was held on Friday last, when Dr. Macfadyen,

the director, was able to state that the Institute's work had
continued to progress. Among the new features added during

the year were a physiological room, a room for incubating pur-

poses, a laundry, a workshop, and a cold storage room. A
Hansen apparatus for yeast culture had been presented, and

considerable additions had been made to the library. .Three

papers were communicated to the Royal Society upon the in-

fluence of the temperature of liquid air and hydrogen upon
bacterial life. Systematic investigations are being carried out in
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the bacteriological department upon enteric fever, tuberculosis',

and the etiology of cancer. Special investigations were carried

out for public authorities during the year, e.g. upon tubercle in

milk, glanders, anthrax, &c., and investigations in a number of

other directions have been and are being prosecuted with
vigour.

The recent case of the Jenner Institute of Preventive

Medicine v. Assessment Committee of St. George's, Hanover
Square, was the means of raising once more the important
question of the rateability of scientific societies. The Jenner
Institute has unfortunately failed to establish its claim to

exemption from the payment of rates. The Divisional Court
decided that the Institute did not fulfil the conditions of the

Act of Parliament exempting "any Society instituted for pur-

poses of science, literature, or the fine arts exclusively." The
preparation and sale of preventive and curative medicines was
held by Mr. Justice Grantham to be the main object of the

Institute, or as Mr. Justice Channell put it, "its main object

was to dispense to the public the benefits of science." TThe

Institute was not, therefore, "exclusively" devoted to the'

advancement of science. The Institute has, as a matter of fact,

dispensed for the benefit of the public, and at a considerable

loss, certain antitoxins which require the highest scientific skill

in their preparation. The preparation of these substances has

been at the same time a means of studying and improving the

methods for producing immunity to given diseases. The aims

in this respect have been of a purely scientific character, and in

accordance with the main objects of the Institute, which are

not, despite the Court's ruling, of a dispensing nature, except in

so far as opportunity is afforded to medical men to test the

value of certain antitoxins in the treatment of disease. The
eminently useful aims of the Institute, which are carried out at

great cost, might have been thought to bring it well within the

intention of the Act, but the judicial interpretation of the word

"exclusively" has formed the stumbling-block. It is to be

feared that the expense of litigation may prevent the Institute

from proceeding to an appeal. In any case, it is to be hoped

that some steps will be taken to amend an Act, apparently

devised for the benefit of scientific societies, but which, as

interpreted by the Court, has little or no practical value. It is

quite conceivable, as the law stands, that'a claim for exemption

might be defeated on the ground that a daily newspaper had

been admitted to the reading-room of an institute, and that it

was not, therefore, "exclusively" devoted to purposes of

science.

The annual general meeting of the Marine Biological Asso-

ciation was held in the rooms of the Royal Society on June 27.

The council reported that arrangements had been completed for

the supply of sea-water, obtained from the open sea beyond the

Plymouth Breakwater, for special experiments on the rearing of

sea-fishes and other marine animals. Through the kindness of

Mr. J. W. Woodall, the Association has had placed at its dis-

posal a small floating laboratory, which is at present stationed

at Salcombe. The periodical surveys of the physical and bio-

logical conditions prevailing at the mouth of the Eiiglish

Channel have been continued by Mr. Garstang at quarterly

intervals for an entire year. Observations were taken at four

fixed stations. They included serial temperature determinations

at all depths, filtration of a definite column of water from

bottom to surface with a " vertical net," and collections of the

floating life at surface, mid-water and bottom, by means of a

specially devised closing net. Mr. Garstang has also carried

out a series of preliminary experiments on the rearing of sea-

fish larvae under different conditions, with a view to a solution

of the difficulties hitherto encountered in regard to the practical

work of sea-fish culture. The investigation of the fauna and
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bottom deposits of the shallow water grounds in the neighbour-

hood of Plymouth, upon a systematic plan, has been continued

during the year.

A SUCCESSFUL trip has at last beertmade with Count Jeppelin's

navigable balloon at Friedrichshafen on Lake Constance. On
Saturday evening the ascent was prev'ented by an explosion of

one of the segments of the balloon, and a similar accident is

stated to have befallen one of Count Zeppelin's benzine motors.

Or. Sunday evening, Count Zeppelin and four others made their

first ascent, and after drifting with the wind, turned and tried

to make headway against it ; but the wind appears to have been

too strong, and the balloon was quietly lowered to the lake,

where the cars floated and the occupants were brought to shore

without any damage. From another telegram dated July 2

(Monday) we learn that a successful ascent was made that

ening. This must have been a second attempt, and it is

ited that the ship travelled safely to Immenstadt, thirty-five

miles from Friedrichshafen, and landed all well.

London was again visited by a sharp thunderstorm about

midday on Tuesday ; the rainfall and hail during the storm

amounted to 0"23 inch in Westminster. The weather has con-

tinued in a very unsettled condition, but, nevertheless, the mean
temperature in the neighbourhood of London for the month of

June exceeded the average by about 0*05. This result has

been caused chiefly by the amount of cloud which, while

making the days cool, has kept the nights relatively warm.

The rainfall for the month was o*66 inch above the average,

and in some parts of England it was double the average.

The Lancet, quoting from a Buenos Ayres review of hygiene,

entitled La Saliid, gives some interesting particulars concerning

the plague. Formerly, according to a tradition common
amongst certain tribes of South American Indians, wide-spread-

ing fires used to sweep over the land. The inhabitants were in

the habit of taking refuge in caves and dens of the earth. From
time to time they poked out the branch of a tree, and if this when
pulled in again showed no signs of burning they considered it

safe to come out. So formerly when plague ravaged and deso-

lated various countries the inhabitants shut themselves up in

the cave of isolation and did not come forth until they learned that

plague had disappeared. Nowadays, however, just as the

Indian tribes possess herds of horses which they did not formerly

possess, and are able by these means to stamp out pampas fires,

so that there is no need to take refuge in a cave, so also modern
cities possess hygienic knowledge and conditions which render

isolation unnecessary, and a general dissemination of plague

throughout Europe and America is as impossible as a fire which
should affect the whole pampas. In India and in China only

those persons succumb who live under grossly unhygienic con-

ditions. With reference to the recent outbreak of plague in

Argentina, La Salnd says, " It would be greatly to the honour
of the Argentine Republic if she would invite other countries to

a conference to consider the question of meeting plague, if not

actually by abandoning all international action yet by leaving

commerce perfectly free and by treating the disease wherever it

a:ppears exactly like any other infectious disease which assumes
endemic characters."

The annual report of Sir George Nares, F.R.S., acting

conservator of the Mersey, has just been issued, and shows that

considerable work has been done by the sand-pump dredgers
Brancker and G. B. Crow at the Queen's Channel Bar and at

certain shoals in the Queen's and Crosby Channels, at the

entrance to the river. For several months the surveys show
considerable improvement, many of them having no soundings
less than 27 ft. below low water spring tides within the dredged
cut. Though there has been slight shoaling at the outer end or
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the north side of the channel, several good lines of sounding

run the full length of the cut with not less than 27 ft. During

the year 2,067,000 tons were dredged in Queen's Channel,

1,839,000 tons taken from shoals in that channel, and 2,735,000

tons from shoals in Crosby Channel, making a total of 6,659,000

tons, while since the commencement of the operations 45, 148,860

tons of sand have been removed. The number of inward and

outward bound vessels passing through Queen's Channel last

year was 45,158, against 44,376 in the previous year', and 35,932

in 1893. The daily average of last year was 124 against 98 in

1893. The total using all the channels increased from 41,439

in 1893 t" 50.964 in 1898, and 52,216 last year. The sand

removed from the river between Liverpool and New Brighton in

1899 was 1,374,670 tons. In the same period 1,375,272 tons

of silt and detritus were raised from the Manchester Ship Cana

and deposited at sea.

The idea of substituting electiicity for horse-traction on canals

has not been so widely developed as one would have expected

to see, but some experiments of an instructive nature (Engineer-

ing, June 22) have been made by a German firm on behalf of

the Prussian Government, wherein electric locomotives were

employed for this purpose, and the mode of working may be

briefly stated as follows :—A section of the Finow Canal, which

forms a portion of the waterway between Berlin and Stettin, was

chosen, embodying as it does physical difficulties with reverse

curves, &c. On the towing-path a meter-gauge track of special

design with overhead conductor was laid, on which the electric

motor tows the barges ; and owing to the deficiency of adhesive

weight a steel rack is bolted to the permanent way, and the

rack-rail system is adopted. In spite of many difficulties the

experiments proved that the system was capable of meeting all

requirements, and worked with apparent ease. This is very

satisfactory, the more so because in one place, we are told,

the line was raised 9 feet 6 inches above the towing-path with

approaches of i in 8 J gradients. The electric motor used, we

are informed, developed from 14 to 15 horse-power, much more

than was necessary; but this was intentionally provided in view

of further experiments to deal with the possibility of electric

traction for barges of a heavier type.

In Nature for September i, 1892, Prof. D. Kikuchi

announced the foundation by an Imperial ordinance of an

earthquake investigation committee in Japan. The objects of

the committee were to study the nature of Japanese earthquakes

and their distribution in time and space, to discover any means

of lessening their disastrous effects, and if possible to ascertain

laws by which their occurrence might be predicted. During

the eight years of its existence much successful work has been

done by the committee in two of these directions. They have

accumulated and discussed many series of observations and

records, and have conducted numerous experiments on the frac-

turing and overturning of columns and on the type and material

of building best suited to resist a strong shock. The results

are printed partly in Japanese papers ; partly, we are glad to

see, in their "Publications in Foreign Languages," the third

and fourth numbers of which have appeared this year. If

abstracts of the former could be given either in English or

French, the debt we already owe to Japanese seismologists

would be greatly increased.

The Verein zur Forderung des Unterrichts in der Mathe-

matik und den Naturwissenschaften held its annual meeting

at Hamburg in the first week in June. This association, which

numbers some 900 members, includes many teachers in the

higher schools of Germany among its ranks, and it has taken

part in the preparation of reports on physical apparatus suitable

for teaching purposes. The programme included, among other

subjects of papers, the teaching of geometry of position, wireless
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telegraphy, experiments with liquid air, flight of birds, the

International Catalogue, and the preservation of natural objects

of interest in Germany.

We are indebted to Prof. P. H, Schoute for a paper on the locus

of the centre of hyperspherical curvature for the normal curve of

n dimensional space. In a previous paper the author pointed

out that the characteristic numbers of the locus of the centre of

hyperspherical curvature are lowered if some of the points of

the given rational curve lying at infinity coincide. At pre.sent

Prof. Schoute traces for a special case the amount of these lower

numbers, namely, for the case where the given curve is the

"normal" curve of the n dimensional space in which it is

situated. According to the final result, the characteristic num-

bers of the locus of the centre of hyperspherical curvature for

the normal curve are respectively 2« - i, yi- 3, 4« - 7, 5« - 13,

6« - 21, .... 2« - I, from which it follows that they do not change

if taken in reverse order.

A REPORT on dietary studies of Harvard and Yale University

boat crews, conducted by Prof. W. O. Atwater and his assistant,

Mr. A. P. Bryant, forms Bulletin No. 75 of the U.S. Depart-

ment of Agriculture. These studies were undertaken primarily

to secure data regarding the food requirements of men perform-

ing severe muscular work, and they lead to the conclusions that

the actual food consumption of people in general is regulated

more or less by the supply at their disposal and their tastes and

appetites ; but that it is justifiable to suppose that in a general

way the difference between the food of athletes and that of

other people represents a difference in actual physical need,

even if neither is an accurate measure of that need. The energy

of the food consumed per man per day in the dietary studies of

university boat crews' was found to exceed by 400 calories, or

about 10 per cent, the amount found, as the average of fifteen

dietary studies among college clubs in different parts of the

country, while the protein in the studies of the university boat

crews was 48 grams, or 45 per cent, larger in amount.

In the Rendiconti del R. htitiito Lombardo, Dr. Benedetto

Corti briefly describes the results of a study of the Diatomacese

of the lakes of Brianza and Segrino. Of a total of eighteen

species of diatoms observed in the lake of Montorfano, two
{Synedra lunaris and Stauroneis platystoma) were Alpine in

character, and were supposed by the author to represent the

remains of a quaternary diatom flora. This view has been con-

firmed by a more extended study of the other lakes of Brianza

and Segrino, which revealed the presence of fifteen species of

diatoms peculiar to the Alpine zone out of a total of seventy-

two. Of the Alpines, however, only one, viz. Navicula firnia,

was found in the lake of Sartirana. There is a decided affinity

between the diatom flora of these lakes and that of the lake of

Palu in the Malenco valley, and that of Poschiavo in the

Engadine.

No. 17 of the "North American Fauna," now in course of

publication by the Biological Division of the U.S. Department
of Agriculture, is devoted to a revision of the North American
voles, or "field-mice," of the genus Microius, by Mr. V,

Bailey. As the work is based on the examination of between
5000 and 6000 specimens, including typical representatives of

every species, from more than 8 >o different localities, it ought
to be exhaustive. The genus, which is divided into nine sub-

generic groups, is taken to include no less than seventy distinct

specific and sub-specific modifications, three of which are

described for the first time. It is noticed that the development
of oil-glands and musk-glands is most conspicuous in the

aquatic members of the group, and least so in those in-

habiting the driest regions. Those forms which are most ex-

posed to light and dryness are the palest, while the deepest and
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richest tones of colour are developed in those from damp and
shaded localities. Attention is directed to the importance of

placing every possible check on the increase of these little

mammals, and of reducing their numbers when they become
unusually abundant.

In its Bulletin No. 12, the department just mentioned pub-

lishes a useful report, by Mr. P. S. Palmer, on the legislation for

the protection of birds, other than game-birds, now in force in the

United States. The author states that many insectivorous birds

are still unprotected ; and that the laws relating to such birds in

general lack uniformity in different parts of the States; this

diversity in the laws being illustrated by a map. The report

closes with a digest of the bird-laws of the different States. The
need of further legislation is strongly emphasised.

In this connection may be noticed a pamphlet on the food of

wild birds in this country, issued by the Yorkshire College and

the Joint Agricultural Council of Leeds and the East and West
Ridings. In this useful publication attention is called to the

fact that birds very largely affect both sides of the farmer's

balance-sheet ; and that while, unfortunately, the damage they

do is readily detected, the great services they render can only be

appreciated by those who take pains to investigate the subject.

The " pros and cons" in regard to each particular bird seem to

be very fairly considered.

The July number of the Journal of Conchology contains an

interesting sketch of the life and career of the late Mr. Lovell

Reeve, the well-known conchologist, with extracts from his

diary and correspondence.
,

No fewer than three books dealing with the life and work

of the late Prof. Huxley are being prepared at the present time.

Messrs. Macmillan and Co. will issue the biography of his

father by Mr. Leonard Huxley, and a volume on the professor

is to be added to Messrs. Putnam's Sons' " Leaders of Science"

series from the pen of Mr. P. Chalmers Mitchell ; while a third

work is to be contributed to Messrs. W. Blackwood and Sons'
'' Modern English Writers " series by Mr. Edward Clodd.

Messrs. Charles Griffin and Co., Ltd., have sent us

the seventeenth annual issue of the " Year-Book of the Scientific

and Learned Societies of Great Britain and Ireland," comprising

lists of the papers read during 1894 before societies engaged in

no fewer than, fourteen departments of research. The serial,

which is too well known to need more than a brief reference

here, contains much information of service to literary and

scientific men. It would be yet more valuable if the officials

of certain societies, against whose entry the words " No Return "

appears, could be induced to furnish the compiler with the titles

of the papers presented to their respective institutions.

A new edition (the fifth) of "The Microtomist's Vade-

Mecum," by Arthur Bolles Lee, has just been issued by Messrs.

J. and A. Churchill. Considerable changes have been made in

the present edition, the whole work having been very carefully

revised since the last edition appeared nearly four years ago.

The text has undergone condensation throughout, making it

possible for much new matter to be added without increasing

the size of the volume.

More and more space, we are glad to see, is being given in

the popular magazines to articles dealing in a greater or less

degree with scientific subjects, and in the monthlies for July

that have reached us we notice the following contributions of

this character :—In Pearson's Magazine Prof. Simon Newcomb
explains to the lay reader in simple language, and by the aid of

diagrams, "Hew the Planets are W^eighed"; while Dr. F. A.
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Cook, who was attached to the Belgian Antarctic Expedition,

discourses pleasantly on " The Possibilities of Reaching the

Four Poles." In Good Words Mr. E. W. Maunder writes on

"The Lords of Cold "(the title, it may be noted, is borrowed

from a line in Plumptre's "Dante "), the article being a study

in stellar perspective. In the same magazine is also to be found

contribution, by Mr. Aflalo, on " How Wild Creatures Feed."

Chambers's Journal always contains at least one article of

scientific interest ; the present number has in it papers, entitled

" Tropical Diseases and Cures " and " Alcohol from Paper and

.Sawdust."

The additions to the Zoological Society's Gardens during the

past week include a Bonnet Monkey {Macactis sinicus) from

India, presented by Mr. G. A. S. Bell, R.N. ; a Ring-tailed

Lemur {Lemur catta) from Madagascar, presented by Miss

M. C. Rawcliffe ; a Common Duiker {Cephalophus grimmi, S )

from South Africa, presented by Mr. J. E. Matcham ; five Wild

Cats (Felis calus) from Inverness-shire, presented by Mr. George

J. Bailey; a Levaillant's Amazon (Chrysolis levaillanii) from

Mexico, presented by Mr. J. Farmer Hall ; a Royal Python

{Python regius) from West Africa, presented by Mr. Benjamin

Stewart; an Alpine Newt (^/i?/^^ alpeslris), nine Black Sala-

manders {Salamandra atra), two Slowworms {Anguis fragilis)

from Switzerland, presented by the Rev. J. W. Horsley ; a

Common Viper {Vipera berus), British, presented by Mr.

G. Alan Marriott ; a Common Duiker {Cephalophus grimmi^ 9 )

from South Africa, a Syrian Bear {Ursus syriacus) from

Western Asia, a Cheetah {Cynoelurus jubatus) from India, two

Black-faced Kangaroos
(
Ma.ropus melanops, (J , 9 ) from Tas-

mania, six Wrinkled Terrapins {Chrysemys scripta rugosa) from

the West Lidlei, an Amboini Bjx Tortoise {Cyclemmys am-
boinensis) from the East Indies, five Mississippi Terrapins

{Malacocleminys geographica), a Prickly Trionyx {Trionyx

spinifer) from North America, three Annulated Terrapins

{Nicoria annulata) from Western South America, deposited ; a

Three-toed 'i\o\.\\ {Bradypus tridacfylm) from British Guiana,

purchased.

OUR ASTRONOMICAL COLUMN
El'HEMERIS FOR OBSERVATIONS OF EROS.—The following

computed positions for July are from the ephemeris prepared by
li&tT¥.l<\siQr\Y>3LXt{AstronomischeNachrichten,'RA. 152, No.
3643)-

Ephemeris for I2h. Berlin Mean Time.

1900. R.A. Dec).
h. m. s. o / </

July 5 ... o 54 6-51 ... -t-14 13 223
7 ... 57 2778 ... 14 50 335
9 ... I o 48-24 ... 15 27 55-3

II ... 4 7'89 ••• 16 5 277
13 ... 7 2671 16 43 lO'S

15 ... 10 4466 ... 17 21 5"o

17 .. 14 1-68 ... 17 59 IO-8

19 ... 17 1770 ... 18 37 28-1

21 ... 20 32-62 ... 19 15 571
23 ... 23 4636 ... 19 54 38-1

25 ... 26 5884 ... 20 33 31-3

27 30 9-98 ... 21 12 36-9

29 ••• 33 1970 ... 21 51 55-1

31 ... I 36 27-93 ••• +22 31 26-5

Measures ok Eros.—Harvard College Observatory Circular
N'o. 51) contains the results of the measurements of photo-
graphs obtained during the years 1893, 1894 and 1896, giving
he positions of the planet during those years. The complete
iiscussion of the measures is being prepared for a volume of the

I )bservatory Annals, but the numbers here published show that
t the Harvard College Observatory there is the means of tracing
lie path of any object since 1890, during the times in which it

was moderately bright, with nearly as great accuracy as if a
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series of observations ^had been taken of it with a meridian
circle.

Total Eclipse of the Sun, May 28.—M. Deslandres com-
municates the report of his work in connection with the recent

eclipse to the Comptes rendus {vo\. cxxx. pp. 1691-1695). His
programme comprised four classes of investigation :— ( i ) velocity

of corona ; (2) ultra-violet spectrum of corona and chromo-
sphere ; (3) infra-red spectrum of corona ; (4) photc^raphy of
corona.

Observing visually with a powerful grating spectroscope, he
found by the inclination of the corona line that on the west
side of the equator the corona appeared to have a more rapid

speed of rotation than the disc. The photographic spectra

taken for this purpose are too faint for measurement.
The ultra-violet spectra were obtained with spar quartz pris-

matic cameras, ten plates being obtained showing good images
down to K 3000.

The investigation of the infra-red radiation from the corona
was undertaken with a view of providing a possible means of
observing the corona without an eclipse, and the results would
indicate that the corona is specially rich in the.se calorific radia-

tions. M. Deslandres states that at his station, Argamasilla,

Spain, totality was five seconds shorter than the calculated time.

THE ROYAL OBSERVATORY, GREENWICH.
TT is customary for the Astronomer Royal to present his-
-' annual report to the Board of Visitors of the Roya>
Observatory on the first Saturday in June, but as it is easier to-

transfer such a function to another date than to change the time

of a total eclipse of the sun, the usual day of meeting was-
adjourned until June 26 last. On this day, the weather,,

however, did not quite come up to summer standard ; but

fortunately the rain held off, and the afternoon proved suf-

ficiently fine to allow the numerous visitors to inspect the

buildings and in.struments. As is customary, we give below a
brief resumd of the report.

Buildings.

The building of the new observatory so near to the boundary
of the grounds has necessitated an alteration in the position of

the old fence, to show the building off more effectively, so that

provision has been made in the Navy estimates to put the fence

further away, and the plans for this are now under considera-

tion. This building also includes the new library rooms, and
we learn that the removal of the books to their new position wa&
completed in March last. The opportunity has also been utilised

for their rearrangement and for the preparation of a new cata-

logue, both of which, we are told, were much needed. Not only
is the rearrangement of the books practically complete, but good
progress has also been made with the formation of the card

catalogue, a system which is to be highly recommended.

Transit Circle.

The sun, moon, planets, and fundamental stars have been,

regularly observed on the meridian as in previous years. The
number of observations made from 1899 May li to 1900 May lO^
is as follows :

—

Transits, the separate limbs being counted as

one observation 10,712;

Determinations of collimation error ... ... 297
Determinations of level error .. 684.

Circle observations ... ... ... ... 10,001

Determinations of nadir point (included in the

number of circle observations) 674
Reflexion observations of stars (similarly in-

cluded) 637

The number of stars observed in 1899 is about 5000.

An unusually large number of observations was obtained in

the three months, August-October, the averatje number of

transits observed being more than 1300 each month. From
November to the date of the report, in consequence of the

cloudy weather, the average has been only half this number.
The apparent correction for discordance between the nadir

observations and stars obtained by reflexion for 1899 was found
to be slightly larger—namely, -o"-4i—than that of last year,

which was - o" -36.
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At the date of the last report the measurement of the plates
LS completed from December 64° to 69° ; and in Zone 70°
im R. A. oh. to I3h. 48m. During this year Zone 70° has been
ished and Zones 71° and 72° have been measured, with the
eption of thirty-six quarter plates. Subject to this exception,
measurement is complete from December 64° to 73°.

Good progress has been made with the printing of the
measures. Zone 64" is finished and Zone 65' as far as R.A.
2ih. 36m. It is estimated that all the measures from December
64° to December 72" will be included in one volume of about
650 pages.

HeLIOGRAPHIC OB.SERVATIONS.

In the year ending 1900 May 10, photographs of the sun
have been taken on 180 days, either with the Thompson or
Dallmeyer photo heliographs. The former, mounted on the
Thompson 26-inch refractor, was used as the regular instrument
for solar photography up to March 9, when it was temporarily
disrnounted, the Dallmeyer photo-heliograph being substituted
for it. Of the photographs taken with either instrument, 369
have been selected for preservation, besides 11 photographs
with double images of the sun, for determination of zero of
position angle. Photographs to supplement the Greenwich
series have been received from India or Mauritius up to 1900
March 8.

For the year 1899, Greenwich photographs have been selected
for measurement on 202 day?, and photographs from India and
Mauritius (filling up gaps in the series) on 162 days, making a
total of 364 days out of 365 on which photographs are at pre.sent

available.

The chief characteristic of the sun's surface, during the period
covered by this report, has been the steady decline in the mean
daily number and area of spots observed, August and September
1899 in particular showing a marked sub-minimum.

Magnetic Observations.

The variations of magnetic declination, horizontal force, and
vertical force, and of earth currents have been registered photo-
graphically, and accompanying eye observations of absolute
declination, horizontal force and dip have been made as in
former years.

The regular observations of magnetic declination have been
made since 1899 January i, in the Magnetic Pavilion, alternat-
ing with determinations in the Magnet House (for effect of the
iron in the Observatory buildings), the observations in the Mag-
netic Pavilion being made with a hollow cylindrical magnet
mounted in conjunction with the large theodolite.
The determinations of horizontal force and dip have been

made with the Gibson deflexion instrument and the Airy dip
circle mounted in the new Magnetic Pavilion, since 1898
September.

The principal results for the magnetic elements for 1899 are
..i follows :

—

Mean declination ...

Mean horizontal force

16° 34' -2 West.

r 3 '9947 (in British units).

\ 1-8419 (in Metric units).

Mean dip (with 3-inch needles) 67° 10' 13".

These results depend on observations made in the new Mag-
netic Pavilion, and are free from any disturbing effect of iron.
The correction to the declination, as found in the Magnet House,
is - 10' 7, as deduced from the observations made with the new
declinometer in the Magnetic Pavilion.
The magnetic disturbances in 1899 have been few in number.

There were no days of great magnetic disturbance and sixteen
')f lesser disturbance. Tracings of the photographic curves for
these days, selected in concert with M. Mascart, will be pub-
lished in the annual volume as usual. The calculation of diurnal
inequalities from five typical quiet days in each month has been
continued.

The question of the regulations to be enforced for the pro-
ction of the Observatory from disturbance of the magnetic
leisters by electric railways or tramways in the neighbourhood
now under the consideration of the Bjard of Trade.

Meteorological Observation.s.

Consequent on the changes in connection with the new
Mservatory buildings, the shed containing the photographic

iiermometers was moved 15 feet towards the west on May 16
and 17, 1899.
The Kew Committee of the Royal Society has suggested that
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steps should be taken to assimilate the methods of registration

of atmospheric electricity with the Thomson electrometers at

Greenwich and Kew, and the question of the modifications to

be introduced into the Greenwich electrometer is now under
consideration.

The mean temperature for the year 1899 was 50^7, being
I°'2 above the average for the fifty years, 1841-90.
During the twelve months ending 1900 April 30, the highest

temperature in the shade (recorded on the open stand in the
Magnetic Pavilion enclosure) was 90'"0, on August 15. The
highest temperature recorded in the Stevenson screen in the
Observatory grounds was 88° '8 on the same day.

The month of August was exceptionally warm, the mean tem-
perature for the month being 65°'5, which is 3^*9 above the fifty

years' average (1841-1890). This high temperature for the
month has only been reached before on one occasion in the
previous fifty-eight years, viz. in August 1857. The month of
November was also exceptionally warm, the mean temperature
for the month being 4° 8 above the average.

The lowest temperature of the air recorded in the year was
18° "O, on February 9. There were fifty days during the winter on
which the temperature fell below 32°, a number slightly below
the average.

The mean daily horizontal movement of the air in the twelve
months ending 1900 April 30 was 268 miles, which is 13 miles
below the average for the preceding thirty-two years. The greatest
recorded daily movement was 776 miles on April 13, and the
least 50 miles on October 22. The greatest recorded pressure
of the wind was 27 lbs. on the square foot, on November 3, and
the greatest hourly velocity 48 miles, on April 13.

The number of hours of bright sunshine recorded during the
twelve months ending 1900 April 30, by the Campbell-Stokes
instrument, was 1636 out of the 4454 hours during which the
sun was above the horizon, so that the mean proportion of

sunshine for the year was 0367, constant sunshine being
represented by i.

The rainfall for the year ending 1900 April 30 was 21*97
inches, being 2*57 inches less than the average of fifty years.

The number of rainy days was 146. The rainfall in the month
of August was only 0*354 inch, being the smallest August rain-

fall on record in the fifty-nine years, 1841-99. The next smallest

value was 045 inch, in August 1849. The rainfall in February
amounted to 3-58 inches, being the largest February rainfall on
record in the sixty years, 1 841 -1900, with the exception of the

February rainfalls in 1866 and 1879, which amounted to 4*03
and 3 81 inches respectively.

The remaining portion of the report is devoted to the progress
in the printing and distribution of the publications and
chronometers, time-signals, longitude operations. (S:c.

In view of the large additions to and modifications in the
instruments and buildings of the Royal Observatory in recent

years, it is proposed to prepare a full description of the Obser-
vatory, illustrated by photographs.

It may be mentioned that the Observatory equipped and sent

out an expedition to observe the total solar eclipse of May 28,
having received the sanction of the Admiralty. The Astronomer
Royal, with Mr. Dyson and Mr. Davidson, left for Ovar, in

Portugal, on May 11, taking with them the Thompson 9-inch

photographic telescope, the new 4-inch enlarging lens for large-

scale photographs of the corona, a pair of photographic spectro-

scopes with heliostat, lent by Captain Hills, for photographing
the spectrum of the lower chromosphere and of the corona, and
a double camera, on one of the photo-heliograph mountings, with
lenses of 4 inches and 2.\ inches aperture for photographing
the coronal streamers.

An examination of the fine photographs that were obtained by
the party, which were shown on the day of the visitation, gave
one a good idea of the success which had rewarded their efforts.

THE GEOLOGICAL AGE OF THE EARTH.^
"Y^HILE, in his efforts to arrive at an estimate of geological

time, the geologist himself is seriously hampered by the

uncertainty of the data at his disposal, he has followed with ex-

pectant interest the successive attempts made by votaries of

1 "An Fstimate of the Geological Age of the Earth." By J. Joly
M.A., D.Sc, F.R.S., Hon. Sec. Royal Dublin Society ; Professor of
Geology and Mineralogy in the Univer«it^ of Dublin. Pp. 44. (Scu-nti_fic

Transactions of the Royal Dublin Society, vol. vii. Ser. ii. Dublin.
1899.)
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kindred sciences to attain the solution of a problem so fascinat-

ing. It is true that past efforts in this direction have taught us

to expect at the best a merely approximate result, by whatever

method this problem may be attacked ; at the same time, every

attempt is welcome which shall tend to more narrowly limit the

margin of approximation. In the important treatise before us.

Prof. Joly proposes a novel and ingenious method of approach-

ing this difficult question, and if his argument relies for its suc-

cess on a considerable basis of assumption, he has nevertheless

arrived at results of striking interest.

It is, first of all, assumed that the denudation by solution of

the land surface, since the first formation of a solid earth-crust,

has been on the whole a uniform process ; and further, that the

amount of sodium now contained in the ocean has been for the

most part transported to it by rivers since the land surface first

became exposed to the action of solvent denudation. The
reasons which, in the author's view, render these assumptions

probable truths are fully discussed in the paper. If, now, we can
obtain a correct estimate of the amount of sodium at present

contained in the waters of the ocean, and also of the amount
annually supplied to the latter by rivers, we have the requisite

data whereby the earth's geological age may be determined.
Basing his calculations upon the most careful and recent esti-

mates. Prof. Joly finds that the mass of sodium contained in the

ocean amounts to IS,627 x !&'' tons. In estimating the amount
of sodium carried annually by rivers into the sea. Sir John
Murray's analyses of nineteen rivers (including many principal

ones) are quoted, and a result of 24,106 tons of sodium per cubic

mile of river water is obtained. Sir John Murray's estimate of

the annual river discharge into the ocean, amounting to 6,524
cubic miles, is also accepted. From these figures the mass of

sodium annually carried to the sea is calculated, and this amount
divided into the total mass of sodium contained in the ocean,

gives a result of about 94,800,000 years, representing the dura-

tion of geological denudation. So much is set forth in the first

section of the paper. In the succeeding eight sections correc-

tions on the above estimate are discussed, and several possible

objections are dealt with.

The author first enters into a speculative discussion regarding
the succession of events attendant on the first cooling of the

earth's surface, with the object of arriving at conclusions as to the

nature of the primitive ocean. Incidentally the view is favoured
which supposes that at the first condensation of water upon the

surface a greater density was conferred on the sub-oceanic crust

than on the sub-aerial tracts ; it is deemed improbable that this

distribution of pressure became subsequently seriously modified,

and the author gives his support to a belief in the permanency
of ocean basins. The early ocean itself is supposed "for want
of other known alternative," to have contained " a quantity of
hydrochloric acid roughly represented by the chlorine now in

the ocean." This being admitted, it is clear that a certain

degree of saltness would primarily be acquired by the early

hydrosphere, and this must be allowed for in modifying the

above estimate of geological time. To accomplish this Prof.

Joly first quotes Clarke's average analysis, showing the probable
composition of the primitive earth-crust. The action of the

heated acid ocean upon such a rock mass, and the apportioning
of the acid among the bases, is next considered. It is calculated

that of the total amount of chlorine contained in the original

ocean, only 14 per cent, could have been taken up to form
sodium chloride, and in order to arrive at the actual amount of

this first formed sodium chloride, Prof. Joly proceeds to estimate

the chlorine of the original ocean. This is done by subtracting

from the total amount of chlorine now contained in the ocean
the quantity of that element supposed to have been transported

to it by rivers during the course of geological time. But of the

river-transported chlorine a certain proportion has been derived
from the sea itself, and for this a deductive allowance of 10 per
cent, is made as probal)ly sufficient. Having esimated that a
total of about 76 x 10" tons of chlorine are annually supplied by
rivers to the sea, the author assumes the duration of geological

denudation to have been about 86 x 10" years, and finds that

during this period 6536 x 10^'- tons of chlorine have been intro-

duced into the ocean. By subtracting this from the total

chlorine now contained in the sea (as sodium chloride and mag-
nesium chloride), a total of 21,780 x 10^- tons is arrived at, repre-

senting the original chlorine of the oceanic waters. If 14 per cent.

of this would unite with sodium, then 1972 x 10"- tons of sodium
were brought into solution by the action of the primitive acid

ocean. This result can now be employed in correcting the

original estimate of geological time, which was reckoned on the
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supposition that all the sodium now in the ocean had been sup-

plied by rivers. Thu«, the total amount of sodium supplied by
rivers is reduced to 13,655 x lo'-' tons, and this deductive cor-

rection of i2-6 per cent, reduces the duration of geological time
to 86'9 x 10^ years. The value of this ingenious correction ap-

pears to be lessened, however, by the necessary introduction of
an arbitrary assumption for the duration of geological time. Is

there any reason, too, to show that at the first condensation of

water upon the earth, alkalies may not have been present to

neutralise to almost any unknown extent the acid of the primae-

val ocean ? The author believes that the amount of correction

necessary in allowing for the action of acids other than hydro-
chloric, in the primitive ocean, is practically negligible.

By a further slight modification of the figures representing the

sodium annually transported into the sea, a final estimate of

89*3,000,000 years'is arrived at, a figure based, we are told,
" on the most complete estimate of probabilities." But even in

this estimate the author does not claim a degree of accuracy

"approximating to so small a time interval as 100,000 years."

Prof. Joly then examines the significance of rock-salt de-

posits, as possessing a possible bearing on his theory, but having
discussed the origin of such deposits he concludes that any error

involved by ignoring them must be very slight. But the extent

of the saline deposits surely cannot possibly be estimated, and
may perhaps have been considerably underrated. Even if it be
admitted, as urged by the author, that the salt basins of the

present day are in great part not of oceanic origin, this does not

necessarily apply in like degree to saline deposits of the past,

when earth movements may have played a more vigorous part

in aiding their formation as oceanic derivatives.

A point of seemingly great significance in its bearing on Prof.

Joly's theory is the retention of salts in the interstices of strati-

fied rocks, the salts derived from the waters in which the rocks

were laid down. In 1856 Dr. Sorby drew attention to the

soluble salts contained in certain dolomites, and Dr. Sterry

Hunt has recently referred to the " fossil sea water " retained in

the pores of stratified rocks.

The observations of the Rev. O. Fisher on this point,

recorded in a recent review of Prof. Joly's paper ^Geol. Mag.,
March 1900) are of the greatest interest, as showing that some
of the sodium of river waters may have been derived not from
the rocks, but originally from the ocean itself.^ In estimating

the mass of sodium held in solution by the ocean, should not

some allowance be made too for an unknown bulk of highly

pervious deep-sea sediments ? May not such deposits be in part

of great thickness, and by reason of the sea water with which
they are impregnated form a store for sodium ?

In the succeeding section the potash and soda percentages Oi

the igneous and sedimentary rocks respectively are considered.

Quoting Clarke and Rosenbusch for estimates of these. Prof,

Joly attempts to prove that the deficiency of soda in the sedi-

mentary rocks (i"47 per cent, of soda and 249 per cent, of

potash, as against 3 '61 per cent, of soda and 2-83 per. cent, of

potash in the primitive crust) is accounted for by the amount of

sodium calculated to have been supplied to the ocean by rivers.

It is claimed "that the estimated amount of sedimentary strata

would, in its formation, be adequate to yield to the ocean the

sodium that is in it, assuming these sedimentaries to be derived

from rocks having the mean composition of the important erup-

tive masses now known." Allowance is made for a slight

deficiency in the sodium of the ocean by the existence of the

rock-salt deposits. For the success of this argument it is un-

fortunately necessary to assume that a correct estimate of the

total bulk of the sedimentary rocks is possible. Mr. Mellard

Reade's calculation is provisionally taken as a basis. Accepting

also Mr. Reade's estimate of the proportion of calcareous to

other sediments, the latter are found to be equal to a layer i'6

miles in depth over all the land area. From this the mass of

the detrital sediments is calculated, and the actual amount of

their soda is arrived at. To this is now added the amount of

sodium (reckoned as soda) contained in the sea. This restora-

tion would bring the soda percentage of the total mass of sedi-

mentary rocks, even allowing for the rock-salt deposits, to little

above 3 per cent., and in order that the figures shall be brought

into better accordance with Clarke's calculated soda percentage

for the primitive crust, the estimate of the amount of detrital

sedimentary rocks is ingeniously amended to equal a layer I'l

miles thick over all the land area, with the result that an amount

1 Since these lines were written. Prof. Joly has dealt further with this

point and with the question of alkalies neutralising the primitive acid

ocean (Geol. Mag., May 1900).
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is obtained little short of the desired 3 '61- This result must
appear sufficiently striking, but it may be seriously doubted
whether even an approximate estimate of the total bulk of sedi-

mentary strata can possibly be arrived at. Such an estimate must
inevitably rest in great part on a basis of pure speculation. Not
only are we ignorant, as regards huge areas, of the thickness of these
strata, but immense tracts still remain unexplored so far as their

geology is concerned. Further, the boldest guess can tell us
little of sedimentary strata hidden beneath the surface of the
ocean, and it may be looked upon as a lucky coincidence that

Prof Joly is able to attain the above result when restoring to

the estimated sedimentary rocks the sodium of the sea. The
question also of pre-Cambrian rocks of sedimentary origin

appears here to be too lightly passed over, for although so little

is known of their actual extent, the trend of recent researches
has been to show that they may constitute a not unimportant
fraction of the total sediments formed. It is scarcely necessary
to recall the fact that the earliest known fossil faunas, including
marine forms of comparatively high organisation, clearly indi-

cate that a habitable ocean had already for long ages been in

existence.

The unequal ratios of the alkalies in the ocean and in the
rivers respectively next receive attention. The fact that the
ratio of potash to soda is very much higher in the rivers than in

the sea, is believed by the author, not to indicate that the rivers

now contain more potash relatively to soda than in former times,

but is to be accounted for by the constant abstraction of potash
from the ocean, largely in the glauconite now forming on the

sea floor, and so extensively distributed in the sedimentary
strata. Stress is also laid on the fact that potassium brought
from the atmosphere by rain tends to become retained upon the
land, while the sodium is more readily returned to the ocean.
In arguing for the uniformity of denudation by solution in past

times, Prof. Joly brings forward some good reasons to show
that the distribution of land and sea can have varied but little.

As regards the greater exposure of igneous rocks in early times
some interesting points on the nature of weathering and soil

formation are noted, and it is concluded that the unequal per-

centage of sodium in the igneous and sedimentary rocks would,
as regards supply to the ocean, be counterbalanced by the
different rates of weathering. Sedimentary rocks, poorer in

alkalies, allow of more rapid denudation.
In the concluding section of this paper the action of the

ocean as an agent in solvent denudation is dealt with. Such
action, the author maintains, is carried on chiefly along the

coast lines, and is very small as compared with that effected by
rain and river waters. Experiments are quoted to show that

the power of sea-water to decompose felspar is minute in com-
parison with that exerted by fresh water. It is further pointed
out that the volcanic debris of oceanic deposits have the alkali

ratio of igneous and not that of sedimentary rocks. A correction

of half a million years on the original time estimate is thought
to be a sufficient allowance to make for the solvent denudation
by the ocean. But even allowing, as held by the author, that

chlorides other than sodium chloride may in past times have in

some measure retarded solvent denudation by the ocean, it may
be suggested that subaqueous volcanic action, at one time more
frequent than at present, with its attendant conditions of excep-
tional temperature and pressure, may by frequent repetition

through vast periods of time have played some part in aiding
this process.

Prof. Joly does well in finally recognising the uncertainty
attending his corrections on the original estimate of geological

time, and he certainly allows no too wide a margin for error in

the final result when he claims that " a period of between
eighty and ninety millions of years " has elapsed since the land
first became exposed to denuding agencies. For not only in

the data upon which the corrections are founded, but also in the
factors employed in the original calculation, there is to be found
comparatively little of certainty and much that is purely specu-
lative. In this latter category must be placed the supposed
sequence of events at the first cooling of the globe. The rela-

tive intensity of geological activities in the past is also unknown
to us, and the possibilities as regards the activity of the sun and
the influence of the moon in modifying meteorological agencies
during the earlier chapters of the earth's history appear to

render hopeless the final solution of the lime-problem by such a
method as that here employed. But in this interesting treatise

Prof Joly has with marked ability and originality attacked a
most difficult question, and his novel theory calls for the fullest

consideration from all geologists and physicists.
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NOTES ON SATURN AND HIS MARKINGS.
'T'HE possessors of telescopes will welcome the reappearance
^ of Saturn as a rather conspicuous object in the evening
sky. The planet now rises at 7h. 40m. p.m., and remains
visible afterwards throughout the night, but unfortunately his

altitude is extremely low. His southern declination being 22^,
his position is only 16° above the horizon at Greenwich even at

the time of his meridian passage. Notwithstanding these un-
favourable conditions, excellent views may, however, occasionally

be obtained of his general aspect. From stations in the southern
hemisphere the planet may be seen under the best circumstances.

This planet with his rings, belts and moons, forms a picture

quite unique of its kind. The globe is greatly compressed at

the poles, like that of Jupiter, and the rate of its axial rotation

similarly rapid. We recognise also in the dusky bands of Saturn
another parallel to the visible lineaments of the " Giant Planet,'*

but there is a marked difference as regards the distinctness with*

which the details on the two bodies may be viewed. JupilerV
large disc and superior brilliancy enable the markings suxi' their

variations of form and motion to be followed with great facility-

and certainty. Saturn being much smaller andfamteris more
difficult, especially as regards the more deHeate features...

Cassini's division in the rings and the principal belt on the gl'obe

may be distinguished with a two inch refractor, but Encke's
division in the outer ring is a doubtful, or probably a very variable

feature, which at certain times appears to be missir^ altogether,

while on other occasions it is described as faintly outlined as a
pencil-like curve at the ansce.

That there are occasional irregularities on Saturn is proved
beyond contention. In 1790 Sir W. Herschel remarked a

very dark spot on the limb, and in 1793 noticed some irregu-

larities in a quintuple belt which enabled him to ascejitain' the:

planet's rotation period. The lai^e white spot seer? by PVcut

Hall and others at the close of 1876 affords a good instance of

change, and it is well-known that the disposition and number
of the belts vary from year to year. We naturally conclude
that these belts must occasionally exhibit irregularities likQ

those of Jupiter.

The planet is now presented to us at an angle which permits
the ring system to be seen with splendid effect. We now view
the northern side of the ball and rings, and this will continue
to be the case until 1907.

Perhaps there is no object upon which it is easier to exercise
the imagination than upon Saturn. And there is probably no%
orb in reference to which more errors in detail have been made,,
though both Mars and Venus have encouraged a large rrumber
of observational misconceptions. Many of the abnormal results-
reported in recent years, and due to small instruments, may be
safely dismissed, for they are not only doubtful but, when all
the conditions are considered, ridiculous, and palpably the out-
come of unconscious suggestions of the imagination. Yet there
can be no question as to the good fiiith of those who are re-
sponsible for some of the wonderful seeings lately published.
They honestly believe they have seen what they have drawn,
and as a matter of fact it is an extremely difficult point to--

distinguish between real and imaginative features on Saturn.
The trembling of the image, its faintness under high power or
its smallness under low power encourage much fictitious detail,
which every observer cannot regard as illusory.

Some of those who claim to have seen many irregular
markings on this beautiful planet ascribe their success to-
special training; but this explanation will scarcely stand, fo»
others of equal experience and using more powerful appliances
have quite tailed to observe them. The difference is not one
of sight, of practice, or of instrumental means. It resolves it-

self into a question of personal ethics. There are men who will
report nothing but what they are absolutely certain is presented
to their eyes, and are unbending in their regard for the truth ;

there are others who, though equally sincere in intention, are
not so reliable in their judgment, and accept features which are-

apparently glimpsed, but which are in reality prompted by the
imagination on an unsteady and very delicate object.

It is to be hoped that time will eliminate all the fanciful
representations of Saturn which recent observations have sa
abundantly supplied. The period has now arrived when the
planet may be telescopically surveyed with a view to obtain a
really sound knowledge of such features as are portrayed in
moderately powerful instruments. Those who have employed
large and small telescopes in planetary observation aver that the
former are more effective than the latter ; but it is remarkabl*
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that small instruments have been the means by which a large

amount of useful work has been done in this field of observa-

tion. It is also an unavoidable conclusion that many of the

mistakes in planetary work have been due to inadequate power

and light in the appliances used. Possibly during the next few

months some of the existing discordances may be cleared up,

and some new facts learnt concerning this the most beautiful

planet of our system.

There was an interesting occultation of Saturn by the moon on

June 13, but at Bristol clouds interfered with observation. At
Veovil, Somerset, the Rev. T. E. R. Phillips watched the pheno-

menon with a 3-inch refractor. There will occur another event of

this kind on September 3 next, when the planet will disappear at

7h. i6m. and reappear at 8h. ilm. p.m. Occultations of Saturn

are somewhat rare, the last, prior to that of June 13, occurring

twelve years ago, viz. on October i, 1888.

The planet may now be studied with advantage from southern

observatories, where his altitude will be considerable and con-

duce to that excellent definition which is so necessary for the

detection of faint and delicate markings. At every opposition

it seems necessary that the number and arrangement of the

various belts should be noted. A dark polar cap should be

looke'! for, and any irregular appearances, such as dark and
light spots on the dusky belts or intervening zones, should be

carefully recorded. It is unfortunate that thd results obtained

in previous years are not sufficiently accordant to be of much
service. In some cases where one observer has drawn one or two
belts, another, equally experienced and with more powerful

means, has represented seven or eight. Certain observers see

the belts and zones mottled with spots, while others describe the

aspect as perfectly smooth and quite devoid of all such irregu-

larities. The evidence is, in fact, so conflicting that new and
thoroughly trustworthy observations are greatly needed to set at

rest the actual character of the details visible on this exceedingly

attractive object. W. F. Denning.

UNI VERSITV AND EDUCA TIONAL
INTELLIGENCE.

Oxford.—On April 27, 1899, an anonymous gift of 5000/.

was made towards the building of a pathological laboratory.

The donor now allows his name to be made known, and a
decree will consequently be proposed on July 7, that the thanks
of the University be conveyed to Ewan Richards Frazer, B.M.,
Balliol College, for his munificent donation to the pathological

laboratory.

Cambridge.—The annual report of the Cambridge Observa-
tory appears in the Reporter for June 30. It includes an
account of valuable work done with the Newall telescope, and
of the steps taken to bring to perfection the Sheepshanks photo-
graphic equatorial. The binary character of a Aurigae was
announced as discovered at the Observatory two days before the
arrival of Prof. Campbell's independent publication from the
Lick Observatory.

Scholarships, or exhibitions, in natural science have been
awarded at the following Colleges thus :

Peterhouse : Lee.

Gonville and Caius : Cleminson, Burne, Garnsey, Lock,
Macfie, Rittenberg, Thornton.
The Hopkins Prize for the period 1894-97 has been awarded

to Mr. J. Larmor, F.R.S., of St. John's College, for his

investigations on the Physics of the Aether and other valuable
contributions to mathematical physics.

Mr. William Ritchie Sorley, formerly Fellow of Trinity College,
has been chosen Knightsbridge Professor of Moral Philosophy in

the place of Dr. Henry Sidgwick, who has resigned in conse-
quence of ill health.

Prof. Simon Newcomb has had the degree of doctor of
laws conferred upon him by the University of Toronto.

Prof. J. H. Poynting, F.R.S., has been elected Dean of
the Faculty of Science of the University of Birmingham.

The honour of knighthood has been bestowed upon Dr. G.
Hare Philipson, president of the University of Durham College
•of Medicine, Newcastle-upon-Tyne.

Prof. J. R. Campbell, head of the Agricultural Depart-
naent of Yorkshire College, has been appointed under-secretary
to the Department of Agriculture and Technical Instruction for

Ireland.
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The honorary degree of D.Sc. has been conferred by the
University of Oxford upon Prof. J. Mark Baldwin, of Princeton
University, New Jersey, U.S.A. The new doctor is professor

of psychology at Princeton, and editor of the Psychological
Review.

Honorary degrees were on Saturday last conferred by the

Victoria University upon Lord Rayleigh, Sir William Huggins,
Sir W. C. Roberts-Austen, Sir William Abney, Dr. T. E.
Thorpe, Prof. J. Dewar, Prof. A. R. Forsyth, Mr. R. T.
Glazebrook, Prof. Pickering, Prof. J. J. Thomson, and Mr.
Henry Wilde.

A grant of 58/. from the Earl of Moray Endowment has
been made by the Edinburgh University Court to Dr. J. H.
Milroy for purposes, of research. At a recent meeting of the

Court it was announced that the late Prof. Sir D. Maclagan had
bequeathed a marble bust of himself to the University, and that

Miss E. A. Ormerod had presented six large volumes of draw-
ings, chiefly by her father, to the library.

The Drapers' Company offer for competition eight scholar-

ships tenable at the day classes of the East London Technical
College in chemistry, physics and engineering. The scholar-

ships are of the value of 25/., 10/. being paid during the first

year and 15/. during the second year. They also carry with

them free tuition. Particulars may be obtained from the Director

of Studies, East London Technical College, People's Palace, E
The annual meeting terminating the session of the department

of engineering in connection with University College, Liverpool,

took place on Thursday last, when the William Rathbone Medal
and the Rathbone Prizes were distributed by the Lord Mayor of

Liverpool. The report, which was of a highly satisfactory

character, was read by Prof Hele-Shaw, after which an address

was delivered by Prof. John Perry, F. R.S., upon the value of a

thorough scientific education to the engineer.

The following is a list of the members of the new Board of

Education Consultative Committee :—Rt. Hon. Arthur Herbert
Dyke Acland, Sir William Reynell Anson, Bart., M.P., Prof
Henry Armstrong, Mrs. Sophie Bryant, Rt. Hon. Sir William
Hart Dyke, Bart., M.P., Sir Michael Foster, K.C.B., M.P.,
Mr. James Gow, Litt.D., Mr. Ernest Gray, M.P., Mr. Henry
Hobhouse, M. P., Mr. Arthur Charles Humphreys-Owen, M.P.,
Sir Richard Claverhouse Jebb, M.P., Hon. and Rev. Edward
Lyttelton, Very Rev. Edward Craig Maclure, D.D., Dean of

Manchester, Miss Lydia Manley, the Venerable Ernest Grey
Sandford, Archdeacon of Exeter, Mrs. Eleanor Mildred Sidg-

wick, Prof. Bertram Coghill Alan Windle, M.D., Rev. David

James Waller, D.D. The draft Order in Council, giving par-

ticulars of the duties, &c., of the Committee, has been issued

as a Parliamentary paper.

Further munificent gifts for the furtherance of education in

the United States are announced in Science and are as follows:

—

The sum of 1^5,000 dollars has been left to Harvard University

by the late Edmund D wight. The bequest will come into the

hands of the University authorities after the death of certain

persons who receive the income during their lifetime. The
amount (100,000 dollars) promised by Mr. Rockefeller to Deni-

son University, on condition that 150,000 dollars additional be

raised before July, has now been claimed, the sum named having

been subscribed. The sum of 50,000 dollars has been given to

Colorado College by Mr. W. S. Stratton ; Mr. M. K. Jesup
has given 25,000 dollars to Princeton University, and Lombard
College in Galesburg, 111., benefits in a like degree by the gift of

Mr. W. G. Waterman ; while 10,000 dollars have been subscribed

by Messrs. Phelps, Dodge and Co. for the endowment of the

department of mining and metallurgy at Columbia University.

In addition to the foregoing it is announced that Mr. L. C.

Smith will build and equip a civil engineering building in

connection with Syracuse University.

SOCIETIES AND ACADEMIES.
London.

Royal Society, June 14.— "The Nature and Origin of the

Poison oi Lotus Arabicus." By Wyndham R. Dunstan, F.R.S.,

Sec.C.S., Director of the Scientific Department of the Imperial

Institute, and T. A. Henry, B.Sc.Lond.

LotusArabicus is a small leguminous plant resembling a vetch,

indigenous to Egypt and Northern Africa. It grows abundantly

in Nubia, and is especially noticeable in the bed of the Nile from
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Luxor to Wady Haifa. It is known to the natives as " Khuther,"
and old plants with ripe seed are used as fodder. The dried

plant is unusually green, and possesses the aroma of nevr-mown
hay. At certain stages of its growth it is highly poisonous to

horses, sheep and goats, the poisonous property being most
marked in the young plant up to the period of seeding. Owing
to the trouble which this plant has given to the military and civil

authorities in Egypt, the assistance of the Director of Kew was
sought in order that the precise nature of the poison might be
ascertained, and, if possible, a remedy found. The matter
having been referred to the Scientific Department of the Imperial
Institute, Mr. E. A. Floyer, Director of Egyptian Telegraphs,
collected some of the material for investigation.

It was found that when moistened with water and crushed,
the leaves of the plant evolved prussic acid in considerable
quantity, the amount being greatest in the plant just before and
least just after the flowering period. Further investigation has
shown that the prussic acid originates with a yellow crystalline

glucoside (C.^oHijiNO,,,), which it is proposed to name lotusin.

Under the influence of an enzyme, also contained in the plant,

lotusin is rapidly hydrolysed, \oxm\x\^ prussic acid, sugar, and a

new yellow colouring matter {lotoflai'in). The hydrolysis may
be eflfected by dilute acids, but is only very slowly brought
about by emulsin and not at all by diastase. The peculiar

enzyme, which it is proposed to call lotase, appears to be
distinct from the enzymes already known. Its activity is

rapidly abolished by contact with alcohol, and it has only a

faeble action on amygdalin. Old plants are found to contain
lotase but no lotusin.

The sugar has been proved to be identical with ordinary
dextrose.

Loloflavin, the yellow colouring matter, has the composition
expressed by the formula CuHjoOg. It belongs to the class of

phenylated pheno-7-pyrones, and isa dihydroxychrysin, isomeric

with luteolin, the yellow colouring matter of Reseda luteola,

and with fisetin the yellow colouring matter of Rhus cottnus.

The decomposition which ensues on bringing lotase in contact
"ith lotusin, as happens when the plant is crushed with water,

therefore probably expressed by the following equation :
—

CooHi9NOi„ + 2H,0 = C,
Lotusin.

Hydrocyanic (prussic) acid occurs in small quantity in many
plants, and according to Treub and Greshof is often present in

the free state. The only glucoside at present definitely known
which furnishes this acid is the well-known amygdalin of bitter

almonds, which under the influence of the enzyme emulsin,

also contained in the almond, breaks up into dextrose, benz-
aldehyde and prussic acid.

Owing to the scientific interest which attaches to this new
glucoside, its properties and those of its decomposition products
have been very fully studied, and the characteristics of the new
enzyme have also been investigated.

We are much indebted to Mr. Floyer for the great pains he
has taken to collect, in Nubia, the necessary material for this

investigation, and also to Sir W. T. Thiselton-Dyer for having
grown the plant at Kew from seed obtained from Egypt.

"The Exact Histological Localisation of the Visual Area of
the Human Cerebral Cortex." By Joseph Shaw Bolton, B.Sc,
M.D., B.S. (Lond.).

Geological Society, June 6.—J. J. H. Teall, F.R.S.,
I'resident, in the chair.—Mechanically-formed limestones from
Junagadh and other localites, by Dr. J. W. Evans. After

• •viewing the conditions under which granular limestones may
accumulated by current- or wind-action, the author proceeds

.. describe the limestone of Junagadh, a deposit some 200 feet

thick, resembling in hand-specimens the Oolites of this country,

though less firmly cemented together. The deposit is situate

at a distance of thirty miles from the sea, and contains no large

'^sils of any kind. Calcareous rocks of similar character are

scribed from other parts of Kathiawad, Kach, the South-

cistern coast of Arabia, and the Persian Gulf—some of these

contain unbroken marine shells and other fossils. These beds
are included by Dr. H. J. Carter under the name of miliolite, on
account of the frequent presence in them of the genus Miliola.

The author discusses the origin of these deposits, and comes to

the conclusion that the grains were formed in sea-water saturated
A ith carbonate of lime: some being deposited by currents in

uillow water, and others thrown up as a calcareous beach, from
Ahich a portion were sifted out by the wind and blown inland
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'i5"io96 + HCN -I- CsH,20«.
Lotoflavin. Prussic acid. De.xtrose.

to form reolian deposits.—Note on the consolidated reolian sands

of Kathiawad, by Frederick Chapman. The name miliolite-

formation was originally given by Dr. H. J. Carter to certain

granular calcareous deposits occurring on the coast-line between

the peninsula of India and the mouth of the Indus. The
foraminifera and other organic remains in the rocks must have

inhabited moderately shallow to littoral marine areas. The
minute granules are worn and polished ; the prev.niling genera of

foraminifera are roundish, and would be easily moved by wind ;

remains of larger organisms are absent ; and the deposits are

false-bedded. All these phenomena are explicable if the

deposits represent the accumulation of material derived from

littoral calcareous sand of marine origin, mixed with rnineral

detritus from adjacent hills.—On Ceylon rocks and graphite, by

A. K. Coomara Swamy. Ceylon is surrounded by raised beaches,

and has been elevated in recent geological times ; fluviatile

deposits also occur : the gems for which Ceyloii is famous are

obtained from gravels in the Ratnapura district. With the

exception of these recent deposits, the island probably consists

entirely of ancient crystalline rocks. Graphite occurs chiefly in

branching veins in igneous rocks, which at Ragedara are

granulites and pyroxene-granulites. The relations to the matrix

are described, and are held to favour the idea of the deposition

of the mineral as a sublimation-product (Wallher), or from the

decomposition of liquid hydrocarbons (Diersche). Analysis of

several of the minerals, including manganhedenbergite, are given ;

and a bibliography of the geology of the island is appended.

Mineralogical Society, June 19.— Prof. N. S. Maskelyne,

F.R.S., Past- President, in the chair.—Prof. H. A. Miers pre-

sented a communication from Miss Agnes Kelly on conchite, a

new form of calcium carbonate. Conchite forms the material

of various calcareous secretions in the animal kingdom (more

particularly molluscan shells) which have hitherto been referred

to aragonite ; it also occurs as the fur in kettles and^ boilers,

and in many concretionary deposits, such as those of Karlsbad.

In most of its characters it is intermediate between calcite and

aragonite ; like calcite it is uniaxial negative, but shows no

cleavage or twinning, and has higher indices of refraction ; and

like aragonite it is converted into calcite on heating, but the

change takes place at a lower temperature.—Mr. G. F. Herbert

Smith described a method for the determination of the three

principal indices of refraction from observations made in any

arbitrary zone. This method is intended for minerals of low

symmetry of which the indices are higher than those of any

liquid. Observations are made of the deviations corresponding

to different angles of incidence on both faces of a prism, and

curves connecting the indices and the angles of orientation are

plotted out. As in the method of total reflection, three of the

critical values give the principal indices.—Mr. H. L. Bowman
described the occurrence of monazite at Tintagel, and gave a

detailed account of the crystallographic characters of the asso-

ciated minerals, albite, quartz,' rutile, pyrites and calcite.—

Dr J. W. Evans discussed the alteration of pyrites by under-

ground water, a question which had arisen in connection with

the erection of a dam in Mysore. From his experiments the

author concludes that, provided the water contain a sufficient

amount of carbonate of lime to neutralise the sulphuric acid

resulting from the oxidation of the pyrites, exact pseudomorphs

of limonite after pyrites are formed ; and as these occupy

practically the same volume as the original pyrites, the rock

suffers little disintegration by the action of the water.

—

Petrological notes by Mr. G. T. Prior dealt with the so-called

"cancrinite-regyrine-syenite" of Elfdalen, which he refers to

sussexite at the basic end of the grorudite-tinguaite series

of Brogger ; with a riebeckite-regyrine-tinguaite (so-called

" proterobase ") from the Rupbachthal ; and with melilite-

basalts from Madagascar and Siam.—Mr. L. Fletcher discussed

the quantitative determination of the action of hydrochloric

acid and of soda-solution on the enstatite and felspar of the

Mount Zomba meteorite.

Cambridge.

Philosophical Society, May 21.—Mr. J. Larmor, President,

in the chair.—On a certain diophantine inequality, by Major

MacMahon, R.A., F.R.S.—On rational space curves of the

fourth order, by Mr. Richmond.—On the reduction of quadrics,

by Mr. Bromwich.— Experiments upon the rise of temperature of

fabrics when moistened, by Dr. L.Cobbett. Dr. Cobbett showed

that if expired air is breathed through several layers of dried filter

paper wrapped round the bulb of a thermometer, a temperature
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of ro" C. or more above that of the body may be registered

(Dr. Dudgeon's experiment) ; and that if a roll of flannel,

thoroughly dried, be warmed to 96° C. and put into saturated

steam at 100° C, the temperature within the roll may rise

30° C. or more above that of the steam (Dr. Parson's experi-

ment). Further, he showed that when a roll of flannel, which
has not been artificially dried is put into steam, at atmospheric
pressure, heated to 200° C, though the surface of the roll

becomes charred, the temperature in its interior rises rapidly to
100° C. , but does not exceed this for a longtime—indeed, not
until all the separable water has been boiled away. He con-
cluded that such substances when quite dry have the property of
uniting with water, and of generating heat in the process, and
this without becoming damp in the ordinary sense of the word

;

and maintained that the source of this heat is not alone the
latent heat of the vapour condensed, because a rise of temperature
takes place when dried filter paper is wetted with water at the
same temperature, but must include also either the latent heat
of water converted into the solid state—as Sir W. Roberts has
-suggested in discussing Dr. Dudgeon's experiment—or else the
-energy set free in a chemical combination between the material
and the water.—Experiments upon striated discharges, by R. S.
"Willows. The conditions affecting the distance between the
striae were investigated for hydrogen, nitrogen and air. In the
•first gas, as the current was increased from a very small value,
the stria first separated, attained a maximum distance of
separation, and finally approached each other. In nitrogen and
air their distance apart at first increased, and finally became
constant. The distance apart varies inversely as the pressure
until the discharge reaches the walls of the tube. The effect
of the nature of the gas, the diameter and length of the tube,
and the shape of the electrodes was also investigated. Any
variation due to these was found to obey no simple law. The
double striae in hydrogen, noticed by De la Rue and Miiller,
were found to constitute a normal part of the discharge in this
gas, provided a suitable pressure were established.—A method
of measuring the retardation produced by a crystal plate, by
1L. R. Wilberforce. The author described a ready way of ap-
proximately determining the retardation produced' by a plate of
fciaxial crystal cut perpendicularly to a mean line. The requisite
(measurements could be made with an ordinary polariscope.

Paris.

Academy of Sciences, June 25.—M. Maurice Levy in
the chair.—Problem of the cooling of a wall by radiation, re-
duced to the simpler case of cooling by contact, by M. J.
Boussinesq.—Note on a series of abnormal contacts in the
-western region of the lower Pyrenees, by MM. Michel-Levy
and Leon Bertrand.—M. Giard was elected a member of the
Section of Anatomy and Zoology in the place of the late M.
Milne-Edwards, and M. Bazin was elected correspondent for
the Section of Mechanics.—On the large sun-spot observed on
June 17 with the great telescope of 1900, by M. Moreux. This
sun spot, a drawing of which accompanies the note, had a
diameter of 36,cxx) kilometres, and furnished a good example of
the mechanism of segmentation of a sun spot. According to
the author's hypothesis, the phenomena are not due to
•cyclones or volcanoes, but to superheated regions.—Trigonal
mocmal curves, by M. F. Amodeo.—On the motion of
a wire in space, by M. G. Floquet.—On two remarkable groups
of geometrical loci, by M. E. Mathias. In his experimental re-
sults obtained with carbonic acid, M. Amagat has considered the
case of the locus of points in the [p, v) plane, such that for a
total weight of liquid and vapour equal to unity, the volume of
the liquid is constantly equal to that of the vapour. This locus,
^according to M. Amagat, is a straight line, nearly perpendicular
ito the axis of abscissse ; but the author now shows that this locus
is a curve constantly convex towards the volume axis.—On the
jdiscontLnuity of the kathodic emission, by M. P. Villard. The
three modes of exciting a Crookes' tube are considered,
alternating currents, an induction coil and a static ma-
x:hine, and in each the phenomenon would appear to be dis-
.continuous.—On the permeability of fused silica to
iiydrogen, by M. P. Villard. At 1000° fused quartz
resembles platinum, in allowing hydrogen to pass through.

—

On the resistance of fused silica to sudden variations of tempera-
ture, by M. Dufour —On the telegraphone, by M. Valdemar
Poulsen. A description of an instrument for automatically re-
cording words spoken through a telephone.—On the develop-
flient and

. propagation of the explosive wave, by M. H. Le
Chatelier. An application of the photographic method to the
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study of the explosive wave. Measurements are given for

various mixtures of acetylene and oxygen, acetylene and nitric

oxide, acetylene and nitrous oxide, and carbon monoxide and
oxygen. In the last case the velocities depend upon the mode
of ignition, and upon the quantity of the fulminating sub-
stance used to start the explosive wave.—On the acidity

of the alcohols, by M. de Forcrand. A thermochemical
paper.—Addition of hydrogen to ethylene in presence of
various reduced metals, by MM. Paul Sabatier and
T. B. Senderens. Reduced cobalt effects the combination of
ethylene and hydrogen at ordinary temperatures similarly to

reduced nickel. A comparison of the results obtained with
reduced nickel, cobalt, copper and iron shows that the
activity of the metals in causing this reaction is in the order
given, nickel being the most energetic.—On the crystalline

combinations of acetylene with cuprous chloride and potassium
chloride, by M. Chavastilon. It has been previously shown by
the author that two kinds of crystals, yellow and colourless,

may be obtained from the same copper solution, according to

the velocity of the current of acetylene. Further analyses show
that the colourless crystals correspond to the formula

C2H.,.(CU2CI2)KC1,

and the yellow crystals,

C2H2.[(Cu2CU).,KCI.]o.

By the action of ether upon the colourless compound, the

yellow crystals are obtained.—Oxidation of anethol and
analogous substances containing a lateral propenylic chain,

by M, J. Bougault. The method of oxidation used
is the action of iodine in presence of precipitated mercuric

oxide, an aldehyde being obtained. Aldehydes from anethol,

isosafrol, isomethyleugenol and isoapiol have been prepared,

together with the corresponding acids.—-On a new derivative of

benzophenone, by MM. Gichsner de Coninck and Derrien.

—

Composition of the compounds of fuchsine with acid colouring

matters, by M. A. Seyewetz.—On the kidney of Lepadogaster

Goiianii, by M. Frederic Guitel.—On a fayalite rock, by M. A.
Lacroix. The fayalite of Callobrieres presents a very remark-
able and exceptional mineralogical composition. It is essentially

characterised by the association of the fayalite with griinerite,

apatite and magnetite.—The function of the cell nucleus in

absorption, by M. Henri Stassano. The nucleus, by reason of

its chemical composition, plays a predominating part in the

absorption of foreign substances.—On the proteolytic diastase

of malt, by MM. A. Fernbach and L. Plubert.—Action of high

frequency currents upon the elementary respiration, by M.
Tripet. In diseases of nutrition, treatment by high frequency

currents regulates the activity of reduction of the oxyhsemo-

globin.— Influence of extracts of the ovaries upon the modifica-

tions of nutrition caused by pregnancy, by MM. Charrin and
Guillemonat.—The lake of Ladoga from the thermal point of

view, by M. Jfiles de Schokalsky.—On a balloon ascent made
on June 17, by M. Genty.—On an extraordinary halo observed

on June 22, by M. Joseph Jaubert.
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A MONOGRAPH ON LAND-PLANARIANS.
Monographic der Turbellarien. II. Tricladida Terricola

{Landplanarien). By Prof. Ludvvig von Graff. Pp.

i + 574, and an atlas of 58 plates. (Leipzig : W.
Engelmann, 1899.)

THE Turbellaria are rapidly becoming one of the

most adequately and conveniently described groups

of Invertebrates. Practically all that is at present known
as to their anatomy, classification and distribution is

comprised in three works—the " Monograph," by Prof,

von Graff ; the special memoir, by the same author, on

the " AcoL'la "
; and the masterly work, by Prof. Arnold

Lang, on the " Polycladida" in the series of monographs
on the fauna and flora of Naples Bay. The work before

us, a magnificent folio, completes the author's share in

the monographic treatment of the group. The first part

was published in 1882, and was reviewed in this journal

by Prof. Moseley. It is with great pleasure that we
notice the dedication of the second part—^jointly to

Moseley and Fritz Miiller—as only one of the many
felicitous ways in which Prof, von Graff expresses his

admiration for the work of these his fellow-labourers in

the anatomy of planarians. We heartily congratulate

Prof, von Graff on the appearance of this volume, the

conclusion of a work begun twenty-five years ago.

Apart from all other claims upon our notice, this

treatise is remarkable as being the first attempt to deal

exhaustively with an essentially tropical group of animals,

for nothing can be clearer, after reading this account,

than that land-planarians, though not restricted to the

tropics, have their headquarters in the equatorial forest

belt. Von Graff has himself spent some time in Java,

Singapore and Ceylon, and the personal acquaintance

made in this way with these animals, and the conditions

under which they live, gives a vividness and directness

to his descriptions. Other naturalists have notably

assisted him. Prof. Dendy, whose admirable and con-

tinued researches on the land-planarians of Australia and
New Zealand receive full acknowledgment in this work,

Spencer, Hamilton, Fletcher and others have sent collec-

tions of these animals to von Graff from Australia.

Striibell, Max Weber, the Sarasins and others have con-

tributed specimens collected by them in the Oriental

region. South America is represented by planarians

taken by Darwin, Fritz Miiller, von Jhering and Plate.

Nearly all the chief museums in Europe have contributed

their specimens to von Graff, and in this manner he has

been able, not only to more than double the number of

species which were recognised when he began this work,

but also to personally examine all but a very small per-

centage. To realise the rapidity of the increase in

species of land-planarians during the last twenty years,

it will be sufficient to state that Moseley's complete list,

made in 1877, comprised only 63 forms, while 125 were
known when von Graff began his monograph on the

group, during the course of which he has added no less

than 200 new species, and this, together with increments

from other sources, makes a total of 348.

Of this unexpectedly large number (for it is about equal

NO. 1602, VOL. 62]

to all the other Turbellaria put together which have been

really adequately described), less than a dozen occur

(with the exception of the Manchurian sub-region) in

both the Pahearctic and Nearctic regions. The majority

come from South America, the Oriental and Australian

regions. Even this statement, however, does not repre-

sent the richness of the tropics, for Australia is really

the only country where land-planarians have been

systematically collected and recorded. Our knowledge

of the planarian fauna of Africa, India, China, Central

and North America is almost a blank. And additions

to it will no doubt be made, not only in these countries, but

also in places in which naturalists have already sought

planarians. The island of Celebes, for example, has

been examined by several zoologists, who have searched

for land-planarians, but without success. Hickson, and

after him Max Weber, searched in vain. More recently,

however, the Sarasins have thoroughly explored the

island, and have brought to light a most interesting

fauna. Von Graff shows that the land-planarians of

North Celebes exhibit Oriental characters, those of

South Celebes Austro- Malayan features. Altogether

twenty-one Celebesian species are now known, and of

these all but three are new. We refer to this point par-

ticularly as showing that we are only beginning to realise

the variety of this element of the tropical fauna, and
that years of work are necessary in any one country

before the planarian fauna can be fairly estimated. In

Ireland a new species has been found near Dublin, and

two other additions to the land-planarians of Europe

have been made quite recently.

The first part of von Graff's great work is devoted to

a full statement of the anatomy and histology of land-

planarians. This section must have involved a vast

expenditure of labour. Direct observation of the anatomy

of living or compressed specimens is impossible, owing

to the amount of opaque pigment in the tissues. Even
the external apertures are hard to discover. Dissection

is precluded by the solidity and tenuity of the body.

The only available means in the majority of cases is the

laborious one of serial sections, and this method the

author has applied to elucidate the structure of no less

than eighty-two species.

The chief result obtained in this way is the uniformity

of the general anatomical features. Land-planarians

form a homogeneous group, and agree closely in structure

with the marine Triclad Turbellaria so far as these are at

present known. Their distinguishing features appear to

be correlated with the terrestrial habit. Among these

may be mentioned their greater size and more powerful

musculature ; the formation of a " keel " to the foot, and

the abundance of glands both for lubricating the foot

and for enveloping prey ; their brilliant, often intensely

brilliant, colouring ; the presence of sensory thickenings

and of sensory pits on the anterior part of the body
;

and, perhaps their most significant distinction, the pre-

sence of elaborate structures accessory to reproduction.

The anatomy of some of the simpler land-planarians is,

however, an almost exact repetition of an aquatic Triclad,

and the retention of cilia in the epidermis points to the

conclusion that in land-planarians we have the first

stage in the evolution of a terrestrial group from an

aquatic one.

M
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The presence of three extreme forms of rod-like

secretions and the absence of nematocysts are note-

worthy features of the epidermal glands. " Flame-cells
"

and parts of the canalicular system of excretory vessels

have been found. The nervous system exhibits an

interesting series of modifications. In the most primitive

members of the gioup—the broad, flattened neotropical

Geoplanidte—the central nervous system consists of

a dense plexus forming a horizontal plate lying just above

the ventral body-wall. From this plexus nerves are given

off, which either at once enter some organ or join with

their fellows to form a well-developed cutaneous nerve-

plexus right round the body. There is no distinct

"brain." In the narrower neotropical and Australian

members of the same family, a concentration of this

central plexus takes place along two admedian lines, and

a marked anterior thickening indicates the "brain." In

the other families, as the sense-organs, which are scattered

in the GeoplanidiE, become massed in front, so does the

individuality of the brain become more and more pro-

nounced. These sense-organs are of four kinds. The
tentacles with eyes at their bases, found only in two

South American forms. A paired sensory ridge forming

a margin to the anterior part of the ventral surface in

Geoplanidye, and to the dorsal and ventral edges of the

"cephalic plate" of Bipaliida;. These ridges are inner-

vated by the cutaneous nerve-plexus. Then the sensory

pits which accompany these ridges, but which are sup-

plied direct from the central nervous system. Lastly,

the eyes. Of these there are two kinds. One, with the

usual Turbellarian type of structure, has the rods directed

away from the light, and the nerve entering in front and
not, as in most other Invertebrates, from behind. This

kind of eye occurs not only down both sides of the

whole length of the body in the Geoplanidae, but also on

the dorsal and even the ventral surface. In the Bipaliidas

such eyes are concentrated at the margin and angles of

the " cephalic plate." The other type of eye is one

common to most Invertebrates, but hitherto unknown in

Turbellaria. It consists of a pigment cap with a nerve

perforating it behind, and entering the rod-cells, which

face outwards towards the light. Such are the large

paired eyes of the Rhynchodemidae, and they are often

imbedded in the nervous matter of the " brain."

The most novel and richly illustrated section of the

anatomical part of von GrafTs volume is, however, that

in which the unexpected complexity and variety of the

reproductive organs is discussed. This chapter is a

most important addition to Turbellarian anatomy, and
the results well repay the labour which has been spent

on its preparation and illustration.

The next section, a short one, is devoted to the habits

of land-planarians. Here, as in the other sections, the

author has collected and given in extenso all the essen-

tially important information that has been previously

obtained. In this section, however, he adds little to the

observations of Darwin, Moseley, Dendy, von Kennel
and others. Land-planarians, though capable of with-

standing considerable variations of temperature, are

almost instantly killed by contact with dry objects, and
by immersion in water, whether fresh or salt. The
majority flourish best in dark, moist places. They
are nocturnal, living by day under stones and tree-
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trunks, under the sheaths of bananas, and on tree-ferns

Some are actually subterranean, and live on earth-worms.

These are blind. But most land-planarians are content

with a diet of snails, woodlice and insects. Rhynchodemus
vejdowskyi is one of the few diurnal forms. It not

only crawls about by daylight, but moves with such grace

and rapidity that when von Graff saw it at Buitenzorg he
mistook it at first for a Myriapod. A species of Geoplana

has been found in some numbers creeping on the pave-

ment of Melbourne in broad daylight.

The coloured plates, which show the appearance and
bizarre markings of land-planarians, form quite a feature

of von GraflPs work. The ground colour is usually

diversified by mottling or by brilliant longitudinal stripes.

Bold transverse bars of colour are comparatively rare,

but they occur in a small group of each of the two
families, Bipaliidas and Geoplanidae. It is an extremely

curious fact that all the barred species of the former

family are confined to the islands of the Malay Archi-

pelago ; all those of the latter to the (Chilian sub-region,

with a single exception found in Brazil.

With reference to any supposed significance of these

colours, von Graff suspends his opinion. Dendy, it is

true, has shown that Geoplana produces an unpleasant

taste on the tongue, and that fowls readily pecked at this

planarian, but would not swallow it. A casual experi-

ment of this kind is, however, not sufficient to justify the

assertion that the colours of the land-planarians are of

the "warning" category. The great difficulty is how to

explain the prevalence of such brilliant colours and
definite patterns in a group which is almost exclusively

nocturnal. Yellow is the commonest colour, then orange,

red, green, blue and violet. In young specimens, the

pattern is more sharply defined, and the pigment (which

is present both in large, richly branched connective-tissue

cells and in the parenchymatous matrix) relatively more
abundant than in the adult. No experiments appear to

have been made to test whether land-planarians possess

the power of colour-change. As with many other groups

of animals upon which elaborate anatomical monographs
have been written, the physiology of land-planarians is

practically unknown.

The distribution of this group is very interesting, and

is clearly illustrated by von Graff both by tables of every

species and by a coloured map. To one of the main

facts, their rarity north of the Equator and their abun-

dance m the tropics, I have already adverted. Another

interesting and suggestive discovery is the large pro-

portion which occur on islands. More than half of the

known species (201 out of 348) are purely insular, and each

of almost all these (186) is liinited to one island. As show-

ing that this is only one of several indications of the local

distribution of many species, von Graff points out that

only five land-planarians occur in two geographical regions,

only twenty in two subdivisions of the six regions, and

but eighteen in two parts of the same region separated by

an arm of the sea. The land-planarians afford a striking

proof of the value of the Sclater-Wallace regions, which

accordingly are adopted by the author.

The Oriental region is, perhaps, the richest, certainly

the best characterised. Five-sixths of the family Bipa-

liidae are confined to this region, and the remainder occur

in Madagascar (most of the species being peculiar to this
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island) and Japan. The land-planarians of the Australian

and neotropical regions are alike in one striking feature.

The family Geoplanidre is practically divided between

them. The neotropical members of the genus Geoplana

include most of the flattened primitive ones, and also

peculiar forms such as Leimacopsis and Polycladus. Von
Graff goes so far as to share the opinion that this geo-

planid fauna has arisen on a lost Antarctic continent,

and has spread on the one hand to New Zealand and

Australia, on the other to South America. The distribu-

tion of earthworms lends strong support to this view, as

Mr. Beddard has shown.

The concluding section of the work is composed of full

systematic descriptions of the families, genera and species.

Von Graff makes five families : the Limacopsidiis, with

two tentacles ; the Cotyloplanidas (an unnatural family),

with suckers ; the Geoplanidas, with scattered eyes ; the

Bipaliidie, with the eyes limited to the flattened " head "
;

and the Rhynchodemidae, with a pair of large eyes.

There are now nineteen genera, many of which are

new.

This monograph will be of inestimable value to all

naturalists interested in land-planarians, and the author

is to be congratulated on having completed such a labor-

ious task with unfailing accuracy. The lithographers and

publishers deserve a special word of praise for the beau-

tiful plates and printing which adorn this book.

F. W. Gamble.

I

A SCIENTIFIC ENGINEER.
Papers on Mechanical and Physical Subjects. By Osborne

Reynolds, F.R.S. Vol. i. Pp. xv-l-416. (Cambridge:
University Press, 1900.)

THE Cambridge University Press has during some
years past contributed very largely to the progress

of physical science by the issue of the collected works of

great mathematicians and physicists. The volumes which

contain the collected writings of Maxwell, Adams and
Cayley form a rich storehouse of knowledge ; and the

efforts the Press has made to induce living writers, such

as Kelvin, Stokes and Rayleigh, to edit their own papers

for issue in a collected form deserve the gratitude of all

students.

Among the latest of such reprints is the volume before

us. Its author. Prof. Osborne Reynolds, has passed a

busy life as a teacher in a great commercial and manu-
facturing city, and his collected papers testify to the

breadth of his interests and the wide scope of his work.

The papers included in the present volume, some forty

in number, were published between 1869 and 1882. They
range over a great variety of subjects, from the tails of

comets and the solar corona to problems connected with

the steermg of ships and the bursting of guns. In so

varied a collection the relative importance of the different

papers differs greatly, and yet all are interesting ; and all

have advanced the sum of human knowledge.
Indeed, on reading them, one cannot help regretting

that the author's interests have been so widely diffused,

and that he has not had the opportunity of concentrating
himself on some one or other of the great engineering
problems which await solution, applying to it his practical

experience and insight and his mathematical skill.
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An extract from the author's preface makes the cause

of this clear. He writes :

"As affording some explanation of the absence of

any connection between many of the subjects in this col-

lection of papers, it may be pointed out that these sub-

jects have not been determined by arbitrary selection,

neither have they been the result of following up one line

of research. They have for the most part been sug-

gested by the discrepancies between the results obtained

in definite mechanical arrangements, such as occur in

some parts of the large field of practical mechanics, and
the conclusions arrived at as to what those results should

be for the same circumstances, by means of geometrical

and physical analysis, as far as this analysis was developed
at the time."

But to turn to the matter of the papers ; it would take

too long to attempt to analyse them al! ; and, indeed, the

results of the most important are now classic, e.g. those

on the refraction of sound, the action of a screw pro-

peller, the steering of screw steamers, and the explanation

of the radiometer.

The two papers on the refraction of sound are num-

bered 16 and 22. Stokes had, seventeen years before

the date of the first of these papers, suggested the reason

why sounds are heard less distinctly against the wind

than with it. It is due to the fact that the velocity of the

wind rises as we ascend ; hence when a sound-wave is

travelling against the wind, the wave-velocity is less in the

upper portion of the wave than in the lower ; thus the

wave-front is bent upwards, and the sound passes over

the head of the observer. The same notion occurred to

Reynolds ; he verified it by direct experiment, and

pointed out, moreover, that in ordinary conditions of the

atmosphere the temperature falls as we ascend ; hence

from this cause also the wave-velocity is reduced, and

the path of the sound is no longer straight, but curved,

with the convexity of the curve turned downwards. If,

however, it should happen that the air is warmed above

than it is below, the reverse will be the case—the sound-

waves will be bent downwards—the sound will thus be

audible at a greater distance than previously.

The papers on the action of the screw propeller form

an interesting series. The racing of a screw is proved

to be due to the admission of air to the screw ; this, it

is shown, interferes with the power of the screw to ob-

tain water, and also reduces the resistance which would

otherwise be offered by the water the screw would get

For consider a vertical plate, totally immersed in water,

which is being pushed forward •; its speed may be such

that the water behind cannot remain continuously in

contact with it. A vacuum will tend to form behind the

plate ; the limiting velocity at which this takes place

will depend on the pressure in the water behind the

plate; if no air can reach the plate, this pressure will

be the atmospheric pressure, together with that due to

the depth of water above the plate ; if air can reach the

space behind the plate, the limiting velocity will depend
only on the pressure due to the water, and will be much
less than in the first case. The blades of the propeller

act like the plate ; a stationary screw will be most effec-

tive in propelling water when it is turning so fast that a

vacuum is just formed behind its floats, and the rate at

which the water is driven past depends on the water

pressure just close to the floats ; if air can reach the floats,
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no vacuum can be formed ; the pressure will depend

only on the height of the column of water above the

screw ; the limiting velocity will be less than when the

screw remained free from air.

The steering of screw steamers is dealt with in several

papers laid before the British Association ; three of these

are reports of a committee appointed in 1875 to investigate

the question. Of this committee Prof. Reynolds was

secretary. Briefly, their researches confirm the theory

he had advanced in a paper published in the En((ineer,

June 4, 1875, explaining the accident to the steamer

Bessemer, which had failed to enter Calais Harbour on

May 8 previously.

Prof Reynolds pointed out

"when a ship is stopping, the water will be following her

stern relatively faster than when she is moving uniformly,

and consequently that the effect on the rudder will be
diminished ; that the longer the ship the greater will be
this difference ; also that this effect is greatly increased

when a ship is stopping herself with her propellers, as

was the Bessetner, for since not only is the retardation

of the vessel much more rapid, but the water has a for-

ward motion imparted to it by the propellers, which
motion, if the propellers are near the rudder, may be
greater than that of the ship, in which circumstance the

effect of her rudder's action will be reversed."

In the paper on the radiometer, " On the Forces caused

by Evaporation from, and Condensation at, a Surface,"

the true explanation of its action is given in the con-

cluding paragraphs. The paper deals in the main with

the effects of evaporation and condensation in causing

motion, but near the end the author writes :

"Since writing the above paper, it has occurred to me
that, according to the kinetic theory, a somewhat similar

effect to that of evaporation must result whenever
heat is communicated from a hot surface to a gas. The
particles which impinge on the surface will rebound with

a greater velocity than that with which they approached,
and consequently the effect of the blow must be greater
than it would have been had the surface been of the
same temperature as the gas."

The longest paper in the collection is that on certain

dimensional properties of matter in the gaseous state
;

it contains the results of a number of experiments on the

thermal transpiration of gases through porous plates,

and an extension of the dynamical theory to account for

the phenomena.

Enough has been said, perhaps, to show the interest

of the volume and the importance of the scientific results

it contains. It is got up in the admirable manner which

characterises the Pitt Press productions, and in form

leaves nothing to be desired.

COUNT SCHEIBLER'S SPORTING TOUR.
Sette Anni di Caccia Grossa e Note di Viaggio in

America, Asia, Africa, Eiiropa. By Count Felice

Scheibler. Pp. xv + 525. Illustrated. (Milan :

U. Hoepli, 1900.)

T^ NGLISHMEN are, perhaps, somewhat too inclined

-L-" to believe that great game shooting is a special

prerogative of the Anglo-Saxon ; but the publication of

the present work, together with the recently issued

English translation of Count Potocki's " Sport in Somali-
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land," should do something to dissipate this mistaken

notion. Count Felice Scheibler may, indeed, be said to

be a "mighty hunter," and the frequent mention of his

name in Mr. Rowland Ward's "Records of Big Game"
will suffice to show that many of the animals that fell to

his rifle have yielded trophies of more than usual size.

As is indicated in the title of the volume before us, the

author's seven years' hunting included experiences of the

great game of all the four continents of the world

although in .Asia his travels were limited to India and
Ceylon, and in America to the United States and the

Dominion of Canada. A well written and well illustrated

record of such extensive experiences could not fail to be

of interest, not only to his brother sportsmen, but like-

wise to naturalists ; and the present volume may be

truthfully said to fulfil both these conditions. The 250

text-figures with which the work is embellished are for

the most part reproductions from photographs taken

respectively by the author, Prince di Teano, and Mr.

Seton Karr, and are remarkable alike foi the manner in

which they have been executed and the care with which

they have been printed. A large number of these

illustrations deal with animals which were shot by the

Count, and although most of these were taken after

death, yet they frequently portray very clearly some of

the more striking characteristics of the particular species.

The views of scenery and hunting scenes are, moreover,

specially good, and will give to stay-at-home readers an

excellent idea of the nature of the districts in which

sport was obtained, and of the mode in which various

animals are hunted. Of especial interest is the photo-

graph, on p. 176, of recently captured elephants crowded

into a kedda, while those representing the elephant

tamers at work are scarcely less attractive. Some of the

titles to the illustrations, such as " II bufalo record," are

perhaps a little comic, but Italian, like French, has not

yet evolved a sporting language of its own.

Although the author does not appear to have had the

good fortune to discover any new species, his accounts

of the habits of many of the less known forms will be

found of considerable interest to the naturalist. And a.

gratifying feature is the attention paid to nomenclature,

since this is a point in which sporting works are apt to-

be very deficient. In the employment of names like

Mazama Columbiana for the Columbian black-tailed deer,

and Taurotragus oryx for the eland, the Count is,,

indeed, thoroughly up-to-date and ahead of most works

on popular natural history.

Whether, however, the author confined his love for

shooting within such limits as would meet with the ap-

proval of the recent congress on the preservation of great

game is a question which may be left for others to-

answer. But the plate on p. 457, which represents three

individuals of the common -African rhinoceros, out of a

herd of six, already fallen, while aim is being taken by the

author at a fourth, is calculated to give rise to misgivings

on this point.

Startmg from Liverpool in 1889, Count Scheibler sailed

for America, where he soon enjoyed excellent sport in

the Rocky Mountains with "grizzly ' and wapiti ; after-

wards proceeding to British Columbia, where he was

successful in obtaining examples of the Rocky Mountain

goat. At San Francisco he embarked for India, where.
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his first experiences of sport were obtained in the fever-

stricken Sandarbans of Lower Bengal. Proceeding

northwards, he had the good fortune to be entertained by

the Maharaja of Kuch-Behar, whose territories are now

the finest sporting-grounds in India ; and here he ob-

tained, in addition to tiger, the large Indian rhinoceros,

the gaur, and the wild bufifalo. After a short sojourn in

Gya and Ceylon, the party then crossed to Somaliland,

which was at that time in its prime as a sporting country.

From the Italian province of Erithr?ea the Count pro-

ceeded by sea to Zanzibar, whence he made a journey of

considerable length into the interior of Equatorial Africa,

obtaining specimens of Coke's hartebeest {Bubalis cokei)^

and the fringe-eared beisa {Oryx callotis). The final

stage of the tour was Russia, where elk was added to the

list of large game.

Although, as the author himself states, the work lays

no claim to having advanced either zoological or geo-

graphical science, yet it may be commended as a very

interesting account of types of animal life which are only

too rapidly disappearing from the face of the earth. In

fact, it is so interesting that there would seem a consider-

able probability that an English translation would be well

received. R. L.

OUR BOOK SHELF.
Die Moderne Fhysiologische Psychologic in Deutschland.

By W. Heinrich. Pp. iv -I- 249. CZurich : Speidel,

18990

Zur Prinzipienfragcn der Psychologic. By W. Heinrich.

Pp. iv -f 74. (Ziirich : Speidel, 1899.)

An Outline Sketch., Psychologyfor Beginners. By Hiram
M. Stanley. Pp. 44. (Chicago : The Open Court
Publishing Company, 1899. London : Kegan Paul
and Co., Ltd., 1899.)

Mr. Heinrich's two little works demand careful study
as well thought-out and consistent expositions of a
psychological attitude which is in many ways attractive.

The author, who may be described as a disciple of
Avenarius minush\s master's metaphysics, holds strongly
the necessity of making the principle of psychophysical
parallelism, understood in the most rigid sense, the basis

of all psychological inquiry, and would consequently
recognise no causes or causal laws other than those of
the physical and physiological series. He has little dififi-

•culty in showing that Wundt and other contemporary
writers, who, while professing the doctrine of parallelism,

believe in causal sequences between psychical states as
such, are inconsistent with their own professions. That
the inconsistency can be avoided, or that an intelligible

account of human life can be given in terms of purely
physiological sequences, is scarcely so clear. As the
author himself admits, it is a necessary consequence of
his theory that the only difference between rational and
purely reflex reaction on stimulus is one of comparative
complexity. Whether an account of human life which
reduces all activity to the purely reflex type is not like

the play of Hamlet with the part of Hamlet left out, he
-does not discuss. The question is, however, directly sug-
gested by his contention that, in treating of the behaviour
of our fellow-men, we have no right to introduce the
notion of consciousness, but should confine ourselves to

establishing physical relations between changes in their

environment and their corresponding outward reactions.
He seems to forget that language, for instance, loses half
its significance if you neglect to observe that it not merely
can be understood by a listener, but is meant by the
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speaker to be understood. And even it we could agree
to take no notice of consciousness in our fellows, it still

remains, as the author admits, to examine the relation

between the environment, which on his theory all science
describes, and ourselves the describers. Thus all the
problems about the relation between consciousness and
its objects which Mr. Heinrich banishes from our psycho-
logical study of our fellows return upon us as soon as
we attempt to understand our own relation to our environ-
ment. Perhaps the chief value of the author's discussions
is that by his insistence on the too often disregarded con-
sequences of the doctrine of parallelism, he compels his

readers to ask themselves whether the old belief in the
interaction of mind and body is not, with all its diffi-

culties, more satisfactory than the fashionable substitute

for it.

It is painful to turn from Mr. Heinrich's able and
thoughtful work to such a piece of loose and unsatisfactory
popular psychology as Mr. Stanley's essay. If psychology
is to be taught in schools at all— in itself a debatable
question— it ought, at least, to be taught in a precise and
definite form. These scraps of inaccurate chatter are of
no more value in psychology than they would be in ele-

mentary physics or in any other science. Read, for in-

stance, the light and airy sentences (pp. 8-9) in which Mr.
Stanley disposes of the difficult problem of space-per-
ception. What would be thought of a writer on heat or
chemistry who should evade all the puzzles of his subject
by such loose and flimsy generalisation ? In truth, the
only way to treat work of this kind with kindness is to say
nothing at all about it. The only words one can find in

which to characterise it are that, like a good deal of
popular writing on psychological topics, it is quite worth-
less, because the writer has set no serious standard of
scientific accuracy before him.

Rural Wealth and Welfare: Economic Principles
illustrated and applied in Farm Life. By Geo.
T. Fairchild, LL.D. (New York: The Macmillan
Company, 1900 ; London : Macmillan and Co., Ltd.)

The scope of this treatise is perhaps more accurately
indicated by its alternative title : it is primarily a text-

book of economics, the concrete illustrations being taken
preferably from objects and practices familiar to agri-

culturists. The book is accordingly addressed to this

class of the community, though it may be doubted whether
the ordinary farmer, at all events in this country, will be
competent to make much practical use of the principles

expounded. The position of farming, especially in the

older civilised States, has perhaps undergone more change
during the last thirty years than that of any other great
industry, since it is practically within this period that the

cultivator has had to learn to face the competition, not

merely of his own countrymen, but of the whole world.

It is therefore all the more necessary that he should be
thoroughly acquainted with the modern conditions under
which he has to work ; in this respect, the remarks on
the importance, as a factor in prices, of the increased

facilities for marketing the enormous quantities of grain

and other farm products raised in the United States, are

very much to the point.

Lectures on Theoretical and Physical Chemistry. By
J. H. van't Hoff. Translated by R. A. Lehfeldt. Part
ii. Chemical Statics. Pp. 156. (London: E.Arnold.)

We welcome the appearance of the English translation

of the second part of van 't HofT's lectures. Dr. Lehfeldt

has, as before, done his work admirably. It may be re-

gretted, however, that he has adhered so closely to the

somewhat uncouth structural formulje used by the author.

We venture to hope that in a future edition a freer use of

brackets and points may be made, as the student might
have some difficulty in recognising aceto-acetic ether in

the formula HaCCOCHgCO^CjHs. ,
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LETTERS TO THE EDITOR.
: [ The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for tkii or any other part of Nature.
No notice is taken ofanonymous communications.
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Eclipse Photography.

The writer has obtained results in photography which seem
to have an important bearing on the work which should be
undertaken in future eclipses.

It is well known that photographic plates exposed in some
eclipses have developed no trace of an image of the sun. The
astronomer has even been subjected to the mortifying suggestion

that he had forgotten to uncap his camera. It is not difficult to

reproduce such results at any time by simple over-exposure. In
eclipse photography, where it is sought to get the most delicate

of details in an object of the most delicate character, the methods
now used are hedged in by very peculiar limitations. It requires

a very appreciable time to secure delicate details, and, never-
theless, if this time is made too great the plate will iog. The
developer must then be given restraining properties, which
cause a loss of the very details we are seeking to secure.

In a paper recently published by the Academy of Science of
St. Louis, the writer has shown that a plate which, on account
of over-exposure will develop as a zero plate in a dark room,
will develop as a positive in a light room. The paper contains
a half-tone reproduction of a positive obtained by a camera
exposure of one minute, and developed within a few inches of
a i6-candle incandescent lamp. The plate was an "in-
stantaneous " Cramer plate. Since that time the same results

have been reached by first opening up the plate holder and
exposing the film to the lamp light until it is all converted into

the zero condition. If covered with an opaque punched stencil,

no trace of the design will appear on the film when developed
in the illuminated bath. The slide is then closed and the plate
afterwards exposed in (he camera in the usual way. Such a plate
cannot be over-exposed in any reasonable time. It may be
exposed for a minute or for four hours to a brilliantly-lighted

landscape, and the most superb results can be obtained. There
is no restraining developer needed. The tendency to fog when
the exposure is too short is corrected by taking the developing
bath nearer to the light. It seems probable that on very short
exposures it might sometimes be advantageous to use a developer
which will yield a positive with an under-exposed plate. In
the two eclipses of long totality which are now approaching, this

method seems to promise very valuable results, and the attention
of those who will have the work m charge is earnestly directed
to this matter. The results described have been reached but
recently', and there is need of preliminary experimenting by
any one who wishes to avail himself of these methods.

St. Louis, Missouri, U.S.A. Francis E. Nipher.

The Action of Water Upon Glass.

It is a matter of too frequent observation in India that lenses
of optical instruments are liable to serious injury from atmo-
spheric influences. This very often takes the form of injury to

the Canada balsam cementing the two lenses of achromatic
combinations together ; but in other cases, it is due to the
solvent action of water on the surface of the glass. As this

is a matter of importance necessitating the re-grinding of
the lens for its correction, I have thought that the following
observations may be of interest and of value to optical

instrument-makers, especially as it appears that only particular

kinds of glass are attacked in this way. If that is so,

it should be possible to avoid using glass of that particular
composition ; or the edges of the combined lenses may be
covered with a coating of cement or varnish so as to prevent
moisture getting in between them, and in such a way that it

could easily be removed when desired.

My attention was first drawn to some cases of articles of
domestic glassware being attacked by water standing in them for

some time, and these are recorded to show that a solvent action
does take place. The first case that I noticed was that of a cut
wine glass which was used—or misused—to hold a few cut
flowers. On seeing it dry on one occasion, I noticed it had a
dull matt appearance, which I thought was simply a deposit.

On examination, however, I found that the surface of the glass

had been eaten into up to the level of the water usually put
into it.
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The next case was that of glass finger-bowls, in which the
servants kept water ready for use. These were similarly attacked
up to the level of the water. The next was a more remarkable
case. A couple of decanters, not required for use, had evidently
been washed and drained, more or less, but not dried ; possibly
during the hot season. The moisture remaining inside had
become deposited on the inner surface in droplets, as, indeed,
may frequently be seen, and had been standing so for some time.
When dried for use the surface was found to be eroded, giving a
pattern precisely similar to that formed by condensed moisture :

leaving no doubt as to its cause.

Here we have, then, a case of pure water attacking the surface
of glass when allowed to stand for some time. Since then, being
on the alert, I have met other cases, including some of perfectly
new glass articles eroded in like manner, which, without their
history, it is impossible to account for.

Now for two instances of physical apparatus being attacked
and spoiled by this action. The first noticed was a Newton's
Rings apparatus. In this case the two discs of glass were equally
attacked, and so much so that the combination was of a dense
matt appearance. On opening it out, the discs were found to be
firmly adhered, and on inserting a knife edge between the discs
and giving a sharp tap on the back to separate them, an irregular

piece about i^ inch long came from one adhering to the other.

The two had thus grown together, and at the junction was
actually stronger than in the mass of the glass.

The next was a more serious case, being the object lens of a

3 J inch telescope from a well-known London firm of optical instru-

ment-makers. In this case, the convex lens was badly corroded on
its inner surface, though the adjacent face of the concave lens was
quite clear. Here we see the difference in action in the case of
two different kinds of glass. This, however, would help us little

if all kinds of crown glass (of which the convex lens is made)
were similarly attacked. But this is not the case, and it is a
point of importance to opticians to ascertain what particular

kinds of crown glass used in achromatic combinations are liable

to this action, and to avoid using them. Of a fairly large

number of achromatic combinations I have in the College
Laboratory, this is the only one that has been affected, though
all are exposed to the same influences, while some belong to old

pieces of apparatus. The particular telescope was purchased
about six years ago, and the damage took place in one season
when it was not much used. Since then I have from time to-

time opened out the lenses and have frequently found a layer of

moisture between them ; in one case, of a commoner piece of
apparatus in which the lenses did not fit closely, a complete
drop of water was collected, the diameter of the lens being only

\\ inch ; and in a Soleil's saccharimeter, clear through vision

is obscured by moisture collected and condensed on the surfaces

of the lenses in one of the adjusting pieces, which it is very

difficult to open out to clean.

All this shows that moisture does collect in the form of water
between such layers of glass, and the pattern of the eroded
portion of the telescope lens, tosrether with the instances of the

action of water on the domestic glass goods mentioned above,
leave no doubt that it was moisture alone that caused the damage
in this case, although it was not actually seen. I need hardly
say that, in both the Newton's Rings apparatus and the telescope

lens, the exposed surfaces were perfectly clear and unacted
upon.
The causes of moisture collecting in this way would appear to-

be the excessive moisture in the air for many months in the year,

the hygroscopic nature of the glass, and capillary action between
the surfaces ; while the apparently marked action of water on
glass here noticed is probably due to the long-continued higher

temperature. It is possible, however, that the above phenomena
may not be as new or unusual as they appear to be to me, and
that many others could give like experiences.

Edmund F. Mondy.
Dacca College, Dacca, East Bengal, June i6.

THE TOTAL SOLAR ECLIPSE AS OBSERVED'
B Y THE SMITHSONIAN EXPEDITION.

X^ADESBORO, in Northern Carolina, was the station
* * selected by the Smithsonian Institution for observ-

ing the total solar eclipse of May 28 last. The chances-

of fine weather at eclipse time were about eight to one,,

and it is satisfactory that on eclipse day the sky was-

cloudless and the air clearer than on the average.
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The main objects of the investigations undertaken
were a photographic and visual study of the structure of

the lower corona, and a determination by the bolometer
of the heat radiated from it, and lastly an examination of

the form of its spectrum energy curve.

Prof. Langley, who was in charge of this expedition,

observed the eclipse of 1878 from Pike's Peak (14,000

-Portion of Smithsonian Astrophysical Observatory
135-foot telescope (under canvas), the 38-foot coron

feet), and he was then particularly struck by the remark-
able definiteness of filamentary structure close to the

sun's limb, a structure which, he remarks,'has never been
found in any photographs, not even in those beautiful

pictures taken by Prof. Campbell at the Indian eclipse of

1898. The eclipse this year afforded him an opportunity

of examining this inner corona region with a much more
powerful instrument. This
instrument was a 12-inch

achromatic lens of 135 feet

focal length, obtained for

the Harvard College Ob-
servatory, and lent by Prof.

E. C. Pickering. The tube

was mounted horizontally

in conjunction with a coelo-

stat of 1 8-inch aperture, and
30-inch square plates were
used, the diameter of the

solar image being i jinches.

To supplement this instru-

ment, a 5-inch lens of

38 feet focal length, loaned

by Prof. Young, was
pointed directly at the

suQ, and photographs were
secured on plates 11 by
14 inches, moved in the

focus of the lens by a water clock. For the study of

the outer corona and possible intramercurial planets,

specially equatorially mounted lenses of 6-, 4- and 3-inch

apertures, driven by clock-work, were used.

The accompanying illustration (Fig. i) shows a small

part of the 135-foot telescope. The photographic hut is

seen at the end of it, and beyond that the tube contain-

ing the lens of 38 feet focal length pointed at the sun.

Prof. Langley is seen observing at the 5-inch equatorial.

For the bolometric work a massive siderostat with a
mirror of 7 inches was used in conjunction with a large
part of the delicate adjuncts employed at the Smith-
sonian Institution in recent years.

Further work that was attempted, and for which
other apparatus had been
taken out, was an auto-

matic method of obtaining
photographs of the lower
chromosphere at about
second contact by means
of an objective prism work-
ing in connection with the

135-foot lens ; visual and
photographic observations
of times of contact ; and
sketches of the corona,
both from telescopic and
naked eye observations.

The observers, under
the general charge of Prof.

Langley, were distributed

as follows :— Prof. Langley
used the same 5-inch as he
observed with in 1878 ;

Messrs. Abbot and Men-
denhall were in charge of
the bolometer ; Mr. T. W.
Smillie made exposures at

the 135-foot telescope, and
Mr. F. E. Fowle, jun., at

the38-foottelescope. Father
Searle, assisted by Mr. P. A.
Draper and Mr. C. W. B.

Smith, employed four tele-

scopes, mounted on a single

polar axis and driven by
clock-work, for obtaining photographs of the outer corona
and the intramercurial planets. Latitude, longitude,

time and contact observations were made by Mr. G. R.
Putnam, assisted by Mr. Hoxie. Sketches of the
inner corona and contacts were made by Mr. R. C.
Child with a 6-inch, and by Father Woodman with
a 3|-inch.

p. showing a part of the large
the 5-inch equatorial.

Fig. 2.—Showing prominences
Exposure eight seconds. At ei

at the south-west limb. Taken with a 12-inch lens of 135 feet focal length,

d of totality. (Natural size of original photc^raph. Moon, 15 inches diam.).

Among the more general observations made at the

time of the eclipse may be mentioned the following :

—

Before totality a fall of temperature and a rising breeze

were distinctly noticeable. Shadow bands were seen,

but their velocity was too rapid and flickering for accurate

determination ; their size and distance apart (about 5

inches) were also estimated. __

NO. t602. vol. 62]
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During totality the^ky ta^visual observers was notably

not dark, and no second magnitude star was seen with

the naked eye. Mercury was a conspicuous object

The equatorial streamers were closely observed, and

could be followed by the naked eye to 3 or 3^ solar

diameters ; their structure was likened by Father

Woodman to a structure of mother-o'-pearl, and this

was generally conceded. Colour estimates, however,

varied, and were given as "yellowish green tinge,"

"straw-coloured" or "golden." (It may be remarked

here that the general description of the colour was given

by the British observers in Spain and Portugal as

" silvery-white.") Prof. Langley's visual telescopic ob-

servations gave, as he remarks, "little indication of the

finely-divided structure of the inner corona which he had

noticed at Pike's Peak. Structure, to be sure, was evi-

dent, but not in such minute subdivision as had then

been seen ; and though one remarkable prominence, as

well as several smaller ones, was visible, the coronal

streamers did not give to the writer the impression of

being connected with these prominences, though the

relationship of some of them to the solar poles was

abundantly manifest."

The approximate length of totality as observed was 88

seconds, or 4 seconds shorter than the duration as given

by the Natiiical Almanac.

portant result was that the corona gave a positive indi-
cation of heat as compared with the moon ; this heat
though certain, was, we are told, too slight to be subdivided
by the dispersion of the prism with the means at hand.
With regard to the negatives depicting the outer

corona, these show the extensions reaching to from 3 to

4 solar diameters for the longest streamers.
The plates taken for a search for intramercurial

planets have not been carefully examined, but the con-
siderable sky illumination during totality leads Prof.
Langley to doubt the possibility of having recorded the
images of such faint objects on the plates. Pleione'(6*3
magnitude) in the Pleiades, and some fainter stars are^
however, recorded on one of the plates.

The expedition seems to have gathered some most
valuable data, and to have scored a decided success in

every respect ; the observations made and the photo-
graphs secured promise to be very satisfactory, especially
with regard to the primary objects of the expedition.

THE BOARD OF EDUCATION AND ITS
CONSULTA Tl VE COMMITTEE.

T T will be remembered that the Board of Education
-^ Act, which received the Royal Assent last year^
contained in Section 4 the following provision :

Fig. 3.—North polar coronal region. Taken with a 12-inch lens of 135 feet focal length. Exposure 16 seconds
(Natural size of original photograph. Moon 15 inches diam.)

With regard to the photographs which were found to
|

have been successfully exposed, but of which only a few
i

have as yet been developed, most interesting results will

be obtained. During totality six plates were exposed for

periods ranging from \ to 16 seconds, and three others

immediately after third contact ; these were all secured

by the large 135-foot telescope. We are fortunately able

to illustrate two portions (natural size) of the large 15 -inch

disc. Fig. 2 shows one of the principal prominences with

the lower filaments near it (exposure 8 seconds), while

Fig. 3 is another portion of the north polar region, with a

16 seconds' exposure. The part near the sun has been
intentionally over-exposed, to show more clearly the

outer portions of the polar structure, which extended to

6 minutes from the sun. The wealth of detail and im-

posing magnitude of the scale on which these pictures

are taken will no doubt give us much needed information

about the structure of the corona just above the

chromosphere.
The measurement of the heat of the corona appears to

have been successfully performed by Mr. Abbot, with the

aid of Mr. Mendenhall, and this is probably the first

time that it has really been shown to exist. The im-
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" It shall be lawful for Her Majesty in Council by Order to

establish a Consultative Committee, consisting, as to not less

than two-thirds, of persons qualified to represent the views of

universities and other bodies interested in education, for the

purpose of :

—

{a) framing, with the approval of the Board of Education,

regulations for a register of teachers which shall be formed and
kept in manner to be provided by the Order in Council ;

pro-

vided that the register so formed shall contain the names of the

registered teachers arranged in alphabetical order, with an entry

in respect of each teacher showing the date of his registration,

and giving a brief record of his qualifications and experience ;

and

\J}) advising the Board of Education on any matter referred

to the committee by the Board."

The Order in Council nominating the members of the

proposed committee and defining its course of pro-

cedure, has just been issued, and is a document of

considerable public interest and importance. Advisory

Boards are not unknown in other departments of the

public service, e.g. in the India Board and at the

Admiralty ; but a permanent Consultative Committee
of unofficial experts, on the scale and with the powers

contemplated in the present Order in Council, is- a.
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novelty in administration ; and the working of the new
experiment will necessarily be watched with much
solicitude by all persons who have at heart the im-

provement and development of our system of public

education.

The following are the names of the eighteen persons
who are nominated as the first members of the Con-
sultative Committee :

—

Right Hon. Arthur Herbert Dyke Acland.

Sir William Reynell Anson, Bart., M.P.
Professor Henry Armstrong.
Mrs. Sophie Bryant.

Right Hon. Sir William Hart-Dyke, Bart., M.P.
Sir Michael Foster, K.C.B., M.P.
Mr. James Gow, Litt.D.

Mr. Ernest Gray, M.P.
Mr. Henry Hobhouse, M.P.
Mr. Arthur Charles Humphreys-Owen, M.P.
Sir Richard Claverhouse Jebb, M. P.

Hon. and Rev. Edward Lyttelton.

Very Rev. Edward Craig Maclure, D.D., Dean of Man-
chester.

Miss Lydia Manley.
The Ven Ernest Grey Sandford, Archdeacon of Exeter.

Mrs. Eleanor Mildred Sidgwick.
Professor Bertram Coghill Alan Windle, M. D.
Rev. David James Waller, D.D.

It will be noticed that with the exception of the two
former Vice-presidents of the Council, and of Mr.
Hobhouse, all the persons named in this list may
be regarded as representatives of "bodies interested

in education." Oxford, Cambridge and London are

most appropriately represented by their respective

Members of Parliament ; two of the proposed members
are head-masters of public schools, one has been a teacher
in a public elementary school, one is a High School
mistress, another lady is the head of Newnham College, a
third is the mistress of a training college for school-

mistresses, and may also be reckoned as a representative

of the British and Foreign School Society. Science and
technology have their advocates in Prof Armstrong and
Sir Michael Foster ; the Established Church and the

National Schools are represented by Archdeacon Sand-
ford the Roman Catholics by Prof Windle, and the

Nonconformists by Dr. Waller, Wales and the Welsh
Intermediate Schools by Mr. Humphreys-Owen, and the

School Boards of England by Dean Maclure, the chair-

man of the Manchester School Board. There can be no
doubt that an excellent selection of names, typical of

various classes, and likely to command the public con-

fidence, has been made by the Lord President and his

advisers.

Nevertheless, it was generally hoped and expected
that, while two-thirds of the number were very rightly

and in fulfilment of the express intentions of the Act to be
composed of persons able to express the views of different

academic and professional bodies, the remaining third

would consist of persons detached from sectional interests,

and specially qualified by breadth of view,by large acquaint-

ance with schools and institutions of various classes,

both here and in foreign countries, and by a disinterested

concern for the interests of national education as a
whole, to render service in consultation with the Board
of Education. No such proportion has, however, been
observed in the composition of this committee. Like
some recent Royal Commissions, to which have been en-

trusted duties especially demanding wide knowledge and
judicial impartiality, the chief ingredients in the com-
mittee are advocates and partisans specially charged to

look after the interests of particular institutions, creeds, or

professional bodies. It appears to be assumed that the re-

sultant of all these opposing forces will be a satisfactory

conclusion. But when it is considered that one of the

first duties [of the committee will be to determine
the conditions on which teachers shall be ad-

mitted to the official register, and that it will be-

the task of that committee to determine the kind
of qualification which should be recognised, and
the relative claims of a great number of different

institutions, both public and private, it becomes evident
that the list of the proposed committee is seriously

incomplete. One of the most important questions
which will in due course inevitably demand its atten-

tion is the examination and inspection of secondary
schools, and it is quite conceivable that on this point

professional interests may not prove to be precisely

identical with the public interests. It may be hoped
that attention will be given to these considerations before

October, when the committee is for the first time to be
summoned. It is indispensable that a body charged with

such novel and weighty responsibilities should from the

first command the full confidence of all those who are

conscious of the defects in our present system, and who
are concerned more with its due expansion and its fulfil-

ment of high national ideals than with the conservation
of any traditions and interests, however important and
deserving of respect, which belong to particular classes

or institutions.
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THE INTERNATIONAL ASSOCIATION OF
ACADEMIES}

THE Academy will recall the fact that at the con-

clusion of the mission entrusted to M. Moissan and
myself, consent was given to the " Projet de Statuts

pour I'Association international des Academies," drawn
up by the delegates of the nine Academies represented,

at the Conference held at Wiesbaden early in October
last, at the invitation of the Academy of Berlin.

The International Association is now constituted ; andi

it includes the eighteen following Academies :

1. Academy of Sciences Amsterdam.
2. Prussian Academy of Sciences Berlin.

3. Academy of Sciences, Literature and the

Fine Arts ... Brussels.

4. Hungarian Academy of Science . . . Budapest,

5. Academy of Sciences ... Christiania.

6. Society of Sciences Gottingen.

7. Academy of Sciences of Denmark ... Copenhagen.

8. Academy of Sciences of Saxony ... Leipzig.

9. Royal Society London.

10. Academy of Sciences of Bavaria ... Munich.
11. Academy of Inscriptions and Literature Paris.

1 2. Academy of Sciences Paris.

13. Academy of Moral and Political Sciences Paris.

14. Academy of Sciences St. Petersburg...

15. Academy dei Lincei Rome.
16. Swedish Academy of Sciences Siockhobn.

17. Academy of Sciences Washington.

18. Academy of Sciences Vienna.

Amongst the Academies invited to join, one only, the

Royal Academy of History of Madrid, has as yet not

replied to the request of the Wiesbaden Conference.

The provisional rules take into consideration the pos-

sibility of the addition of other learned societies, and in.

§ 2 the conditions and formalities are indicated which

will be necessary for the admission of a new Academy.
The Association comprises two Sections, the Section of

Literature and the Section of Science. The work will be
carried out by general meeting and committee. In,

principle, the general meeting will be held every three

years, and each Academy will send as m.any delegates as

it may deem necessary, but each Academy will have

only one vote, which should be given by one of ihe

members of the delegation.

In the interval between two general meetings, the

Association is represented by the committee, each

1 Translation of a repoit made to the Paris Academy of Sciences on.

July 2, hy M. Darboun, permanent secretary of the Academy.
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Academy being represented on this by one member
only, if it concerns itself with only one of

the Sections of Literature or Science ; it will send
two delegates when it is concerned with both
Sections. Amongst the eighteen Academies, twelve
belong to both Sections and consequently will send two
delegates to the committee. Of the other six, four,

namely the Royal Society of London, the Academy of

Sciences of Paris, the Academy of Stockholm, and the

National Academy of Washington, belong to the Section

of Science alone, and two, the Academy of Inscriptions

and Literature, and the Academy of Moral and Political

Sciences, belong to the Section of Literature. Hence
the committee will consist of thirty delegates, of which
sixteen will belong to the Section of Science, and fourteen
to that of Literature. In full committee the two dele-

gates of one Academy will have only a single vote.

After delay, inevitable in such cases, all the Academies,
with the exception of two or three, have sent in the names
of their delegates. The delegate of the principal

Academy will take the chair at the committee of the
Association, the principal Academy being that of the
place in which it is proposed to hold the next general
meeting.
The Conference of Wiesbaden having decided on a

resolution to which we can here only draw attention, that

the first general meeting of the International Association
should be held in Paris this year, a difficulty has arisen
not foreseen when the provisional rules were drawn up.
Three Parisian Academies having joined the Association,
it is necessary to decide to which shall be assigned the
Presidency on this occasion. The delegates of the three
Academies of the Institute of France have met, and have
unanimously decided to confer for this year the presidency
•of the Association upon the Academy of Sciences, which
was the first to join the Association, and, moreover,
has taken an active part in the discussions, at the con-
clusion of which the Association was constituted.

It has been further decided that the first Session of the
committee shall be held in Paris towards the end of

July, the first meeting being fixed for Tuesday, July 31,
at 9.30 a.m., at the Palais de I'lnstitut.

The agenda for the first meeting will include the
preparation of a scheme of government for the committee,
the settlement of the exact date and the order of the day
for the next general meeting. The Royal Society of
London, which has taken so active a part in the forma-
tion of the Association, has already announced a scheme
which it proposes to submit for approval to this next
general meeting ; it concerns the measurement of an
•extended arc of a meridian in the interior of Africa.

The Academy, by the act of joining, has subscribed to

the rules of the new Association. There is no occasion
to recall here with what prudence and moderation they
•have been drawn up. The object of the Association is

to prepare and promote scientific work of general interest

which may be proposed by one of the constituent
Academies, and generally to facilitate scientific relations

laetween different countries. In any particular case, each
Academy reserves to itself the right to give or refuse
its support, or decide the choice of methods and the
means to be employed.

If these principles are followed, the Association will

become a powerful instrument of study, of concord and
•of scientific progress ; it will rapidly take its place in the
front rank of those international scientific associations,

the r6le of which must necessarily be satisfactory.

Faithful to the principles which they have alvyays

followed, the three Academies of the Institute of France,
•called by the nature of their studies into the Association,
will strive to assure it the success and mfluence which
have been desired for it by its promoters.

Finally, attention may be directed to a particular

clause in the rules which will interest some of our
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colleagues. For taking into consideration the study or
preparation of scientific enterprises or researches of
international interest, upon the proposition of one or
more of the associated Academies, special international

commissions may be instituted either by the general
meeting or one of its two Sections, or, in the interval

between two general meetings, by the committee or one
of its two Sections.

THE NEW PHYSICAL LABORATORY AT
OWENS COLLEGE.

OWENS COLLEGE recently held high festival on
the occasion of the opening, by Lord Rayleigh, of

the new physics laboratories. Of these, a preliminary
account was given in Nature of October 27, 1898, on
the occasion of the laying of the foundation-stone. As
the size of the new building surpasses that of any other

physical laboratory in this country, it was fittmg that

the occasion should be marked by a ceremony of some
importance, and dignified by the presence of a number
of leading physicists from all parts of the country.

The main features of the new laboratories, as planned
by Prof. Schuster, were described in our former article

;

but it remains to state how they have been carried out.

The new building is separated by Coupland Street from
the main quadrangle of buildings of which Owens College

consists, though it is joined to the older buildings by an
underground passage. It is a commodious structure,

having three complete storeys above the basement, with

simple but effective decorative features both internal and
external. The frontage is about no feet wide, and the

main building extends about 90 feet back. The ground
floor is devoted to rooms for electrical measurement, the

magnetic testing of iron, electrochemistry, a workshop
and a private laboratory. The first floor contains a

large laboratory for elementary teaching (36 feet by 44
feet in dimensions), a balance room, a room for chemical

physics, two laboratories for electricity and one for

optics. On the second floor is a fine lecture theatre

with raised auditorium, preparation room, museum and
apparatus room, a class-room and two smaller labora-

tories, and a special room fitted up for physical optics ;

its special feature being the equipment, designed by Sir

Howard Grubb, necessary for working with a 6-inch

Rowland grating. From this floor an upper staircase

leads to a small astronomical observatory containing an

excellent lo-inch equatorial by Cooke, the gift of Sir

Thomas Bazley. In the basement are rooms for spectro-

scopic and photographic work, a cryogenic laboratory

and a room for researches at constant temperature.

The arrangements for heating, ventilating, and for the

supply of gas, electricity, water, steam and compressed

air are exceedingly complete. In the ventilation system,

the air supplied through a fan and warmed by passage

through a flue heated by the gases of the boiler-furnaces,

is passed over a surface of oil to deprive it of its dust

and prevent blackening effects.

A very important adjunct to this fine building is the

John Hopkinson memorial wing for electrotechnics.

This consists of two large rooms on the ground floor :

one (27 feet by 50 feet) to serve as a dynamo room, the

other an electrochemical laboratory (36 feet by yj feet),

together with basement rooms for gas engine, counter-

shaft for dynamo-driving, photometers, and heating

apparatus. In the dynamo room, where already are

placed several of Wilde's dynamos and some more recent

types, there is a fine bronze portrait tablet of the late

Dr. Hopkinson. The cost of this wing has been defrayed

by the parents and relations of the lamented Dr.

Hopkinson, who was himself an alumnus of Owens
College.

The opening ceremony on the 29th ultimo began with
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an academic procession from the Christie Hbrary to the
lecture theatre of the new laboratories, where the chair
was taken by the Treasurer of Owens College, Mr.
Alderman Thompson. Amongst those present were
Lord Rayleigh, Prof Schuster, Sir Henry Roscoe,
Principal Hopkinson, Prof. Oliver J. Lodge, Prof.

Bodington (Vice-Chancellor of Victoria University),

Prof Riicker, Prof Pickering of Harvard College, Prof
Osborne Reynolds, Prof Stroud, Prof. J. J. Thomson,
Prof Poynting, Prof Ramsay, Prof Core, Archdeacon
Wilson, Mr. Wimshurst, Prof Perry, Mr. W. Mather,
M.P., and many others. Lord Rayleigh delivered a
short address upon physical laboratory work and re-

search, and formally pronounced the building open.
Prof Schuster gave an account of the aims of the build-

ing, and of the various stages in their realisation. Prof
Pickering likened a physical laboratory to a battleship,

and enlarged upon the uses of its equipment. The
company then adjourned, some to visit the various
rooms, others to attend the opening ceremony in the

John Hopkinson memorial wing, which was presented in

a touching speech by Mr. Alderman Hopkinson on
behalf of the family.

A garden-party held in the afternoon in the house of

Prof Schuster was followed in the evening by a recep-

tion and conversazione in the new building. In one of

the rooms was a very interesting exhibit of some of the

apparatus used by Joule, including two " current

weighers," a tangent galvanometer, and a mercury pump.
These have been presented to the Owens College by
Mr. B. A. Joule. In another room Mr. T. Thorp showed
his celluloid gratings and celluloid reproductions of

Rowland's grating and of his own echelon grating. Mr.
Wilde exhibited his magnetarium and a number of lunar

photographs. The large electro-magnet presented by him
was also shown in operation.

On the morning of the 30th was the annual ceremony
of conferring of degrees of the Victoria University. This
took place in the Manchester Free Trade Hall, which
was crowded with undergraduates and visitors. The
Chancellor, Earl Spencer, presided with great dignity.

Honorary degrees were conferred on Lord Rayleigh,

Sir William Huggins, Sir William Abney, Sir William
Roberts-Austen, Dr. T. E. Thorpe, Prof Dewar, Prof
Forsyth, Mr. R. T. Glazebrook, Mr. Sidney Lee, Prof. E.

Pickering, Prof J. J. Thomson, and last on the father of

the profession of electrical engineering, Mr. Henry Wilde.
The ordinary degrees were then conferred upon the

successful candidates of the year from the three con-

stituent colleges—Owens College, Liverpool University

College, and the Yorkshire College. A luncheon in the

Town Hall, given by the Lord Mayor, was subsequently
partaken of by the Chancellor, the new Honorary Doctors,

the University Professors, and a large number of dis-

tinguished visitors.

It has been mentioned that the new physics labora-

tory exceeds in size any other similar building in England.
It is, however, smaller than the physics laboratories of

Baltimore, Darmstadt and Strassburg. Its cost has been
defrayed by the generosity of private individuals.

NOTES.
Two deputations have recently waited upon Mr. Hanbury to

put before him the two sides of the question referring to the

proposed establishment of the National Physical Laboratory in

the Old Deer Park at Richmond. On one side are some

naturalists and inhabitants of the neighbourhood, who protest

against the proposed buildings as an interference with the

amenities of the neighbourhood of Kew Gardens ; on the other

are the physicists and the members of the Committee, which,

after giving great attention to the question of site, decided that
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Kew was most suitable. It is a little unfortunate that this

difficulty should have arisen, and it could probably have been

avoided by the exercise of a little tact and consideration when
selecting the site for the laboratory. Much of the misappre-

hension which at present exists as to the character of a physical

laboratory might thus have been removed. Some people seem
to think that the fifteen acres required will be covered with

buildings in which noisy operations comparable with those of
large engineering workshops will be carried on. This, of coursCr

is entirely incorrect. In the first place, the actual area to be

covered by buildings is only a quarter of an acre, or the sixtieth

part of the whole area proposed to be taken, and secondly, quiet

and freedom from all the perturbing characteristics of towns and
manufactories are essential for the investigations to be carried on
in the laboratories. When this is kept in mind, the alarm of a
certain portion of the public, especially those who appreciate the

beauties of Kew Gardens, that the buildings would break the

present charm, seems a trifle unnecessary. The Observatory

being already in the Old Deer Park, it is natural and proper

that the laboratory, which is under the same administration,

should be there too. As, however, the Park is over 350 acres

in extent, it ought not to be difficult to find another suitable

site if there is a persistent opposition to the one already selected.

In any case, we are convinced that a modus vivendi could be

arrived at if the representatives of the opposing interests were

to meet one another in a conciliatory spirit.

M. Zambaco has been elected a correspondant of the Paris

Academy of Sciences, in the section of medicine and surgery.

Dr. Corfield, professor of hygiene and public health at

University College, has been elected a Foreign Corresponding

Member of the Royal Academy of Medicine of Belgium.

Mr. J. H. Maiden, director of the Botanic Gardens,

Sydney, is expected to arrive in London at the end of the

present month, and will be in the United Kingdom and on the

Continent for about three months, engaged in special investiga-

tions in botany and agriculture.

The Duke of Northumberland has been elected a trustee of

the British Museum.

The annual meeting of the Victoria Institute will be held on

Monday next, July 16, when an address will be delivered by

Prof Hull, F.R.S.

It is announced in the Athenaeum that Baron von Richthofen

has been nominated Director of the newly founded Museum fiir

Meereskunde of the University of Berlin.

A Botanic Garden has been established by the Belgian

Government at Coquilhautville, Congo Free State. It will be

called the Kew Gardens, and is expected to be of great import-

ance to the rubber and other tropical industries.

The Council of the Royal Geographical Society have decided

to award the Murchison Grant for next year to Mr. John Coles,

late Map Curator and Instructor to the Society, as an acknow-

ledgment of his services to geography.

The annual meeting of the Society of Chemical Industry will

be held in the lecture theatre of the Royal Institution, Albe-

marle Street, on Wednesday, July 18, when the presidential

address will be delivered, and the officers for the ensuing year

appointed. The president-elect is Mr. J. W. Swan, F.R.S.

The Council of the Sanitary Institute have arranged to hold

a meeting in Paris from August 7 to 9, which will immediately

precede the meeting of the International Congress of Hygiene

and Demography, also to be held in Paris. The Societe

Fran9aise d'Hygiene have offered to the members of the Institute
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:a cordial reception, anfl are providing a r«ception room, and

^making arrangements for special visits and excursions for the

'benefit of members attending.

A Public Health Congress will be held at Aberdeen from

August 2 to 7, under the auspices of the Royal Institute of

^Public Health. Among the papers promised may be mentioned

the following :—" Disinfection," by Prof. Delepine ;
" Sewage,"

by Prof. Percy Frankland, F.R.S. ; and "The Origin and

Treatment of Malarial Fever," by Dr. Patrick Manson. There

will also be submitted and discussed a report on the inquiry

made into the chemical and bacteriological condition of the air

T in the London Board Schools.

The Home Secretary has appointed a committee to inquire

' into the working of the method of identification of criminals by

measurements and finger prints, and the administrative arrange-

. ments for carrying on the same, and to report whether any and

•what changes are desirable. The members of the committee are

Lord Helper (Chairman), Mr. F. A, Bosanquet, Q.C., Common
Serjeant, Mr. A. De Rutzen, Metropolrtan Police Magistrate,

and Mr. C. S. Murdoch, C.B., and Mr. C. E. Troup, C.B., of

the Home Office, with Mr. C. Lubbock, of the Home Office,

; as secretary.

Among the Civil List pensions granted during the year ended

on June 20, we notice the following :—Mr. Benjamin Harrison,

in consideration of his researches in the subject of pre-historic

flint implements, 26/. ; Mr. Thomas Whittaker, in considera-

tion of his philosophical writings, 50/. ; Mr. Charles James

Wollaston, in recognition of his services in connection with the

> introduction of submarine telegraphy, 100/. ; Mr. Robert Tucker,

in consideration of his services in promoting the study of mathe-

matics, 40/. ; Mrs. Eliza Arlidge, in consideration of the labours

of her late husband. Dr. John Thomas Arlidge, in the cause of

industrial hygiene, 50/. ; Miss Emily Victoria Biscoe, in con-

sideration of the services rendered to Antarctic exploration, by

' her late father, Captain John Biscoe, 30/.

Some molluscan remains found in a sandstone from the Malay

Peninsula were described by Mr. R. Bullen Newton at the May
meeting of the Malacological Society of London. The shells

• consist of Lamellibranch casts and impressions, many of them

being sufficiently well defined to point conclusively to their

Triassic origin. The most abundant genus represented is

myophoria, so characteristic of the Trias period, Chlamys

valoniensis also occurs, together with other bivalves. These

1 fossils, the first recorded from this area of south-eastern Asia,

were collected by Mr. H. F. Bellamy, and subsequently pre-

sented by him to the Geological Department of the British

Museum. They were obtained from the Pahang Trunk Road,

on the Lipis River.

The annual meeting of the Museums Association was opened

at Canterbury on Monday. In an address, Dr. Henry Wood-

ward, F.R.S. , the president-elect, referred to his forty-two

years' association with the British Museum and to the many

changes and improvements which had taken place there during

that period. He advocated the publication by the association of

a handbook giving an account of every provincial museum

throughout the country, with full particulars as to. each, not

only as to its officers, organisation, and its plan of arrangement,

but also what were the chief features of its exhibits and especially

any records concerning types and figured specimens preserved in

its collections and any other particulars of general public in-

' terest. Papers upon museums and related subjects were

subsequently read.

A new medical institute, having for its object the placing at

the disposal of doctors the aids to diagnosis required in many

1 forms of disease, has just been opened in Berlin. The institute
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will place at the disposal of the medical profession its labora-

tories, instruments and apparatus, and its officers will undertake

the carrying out of special researches and examinations. It has

departments devoted to the study of bacteriology, chemical

microscopy, pathological anatomy, and physiology. To the.

last-named is attached a Rcintgen ray room.

General Sir R. Murdoch Smith, K.C.M.G., Director-

General of the Museum of Science and Art, Edinburgh, since

1885, died on July 3, after a brief illness. He was born in

1835, and was the executive officer with Sir Charles Newton's

archceological expedition in Asia Minor in 1856-59. He ex-

plored the Cyrenaice- and made successful explanations at

Cyrene in 1860-61. Subsequently he became director-in-chief

of the Government Indo-European Telegraph Department. He
was the author of a "History of the Recent Discoveries at

Cyrene," and of a " Handbook of Persian Art."

A permanent committee for the study of tuberculosis as a

national scourge has been formed in Russia. The president is

Prof. W. D. Scherwinsky, of Moscow. The committee, which

has met twice a month since the beginning of April, has, says

the British Medical Journal, drawn up for itself the following

programme of work : (i) Reports on the communications made
on tuberculosis to the PirogofF Congress and other medical

societies in Russia ; (2) reports of foreign congresses on tuber-

culosis; (3) reports on tuberculosis as an infectious disease

(diagnosis, etiology—heredity, individual predisposition, external

influences, mode of diffusion, economic and social factors) ; (4)

statistical data respecting tuberculosis in Russia ; (5) legislative

measures and ordinances in regard to tuberculosis of human
beings and beasts

; (6) sanatoria, koumiss establishments, &c. ;

(7) the means actually in use, and which should be used, for the

prevention of tuberculosis in the different provinces of Russia ;

(8) tuberculosis in animals and its relation to the disease in

human beings.

The new number of the Geographical Journal gives further

particulars as to the preparations that have been made for the

forthcoming National Antarctic Expedition. An executive

officer, Lieut. Charles Royds, R.N., of H.M.S. Crescent, has

been appointed ; and Mr. T. V. Hodgson (of the Marine

Biological Station of Plymouth) and Dr. R. Koettlitz (of the

Jackson-Harmsworth Expedition) will form part of the scientific

staff, which Prof. Pollock (the holder of the chair of physics in

the University of Sydney) will, it is stated, be invited to join.

The name of the vessel used will be the Discovery. As was

mentioned in our issue of May 31, the commanding officer of

the expedition will be Lieut. R. F. Scott, R.N., and the leader

of the scientific staff will be Prof. J. W. Gregory.

. From information that has reached us from Mr. Rotch's

Blue Hill Meteorological Observatory we learn that a kite used

in the exploration of the air was on June 19 sent up to the

height of 14,000 feet, thus exceeding the greatest height

previously obtained there by 1440 feet. The temperature at

this height was fifteen degrees below freezing point, the wind

velocity was about twenty-five miles an hour from the north-

east, and the air was extremely dry, although clouds floated

above and below that level. The kites remained near the

highest point from 5 to 8 p.m. On the way down the kites

passed through a stratum of thin ragged clouds at the height of

i^ miles. These were moving with a velocity of about 30 miles

an hour. At this time the wind at the observatory, about 600

feet above the general level of the surrounding country, had

fallen to a calm. The highest point was reached with 44 miles

of music wire as a flying line supported by five kites attached

to the line at intervals of about \ miles. The kites were Har-

grave or box kites of the improved form devised at the
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•observatory. They have curved flying surfaces rnodelled after

the wings of a bird. The three kites nearest the top of the line

had an area of between 60 and 70 square feet each, and the two

others about 25 feet each. The total weight lifted in'o the air,

including wire, instruments and kites, was about 130 lbs.

Mr. E. G. Green, Government entomologist at the Botanic

•Gardens at Peradeniya, Ceylon, has recently been able to con-

firm by personal observation the web-spinning habits of the red

ant (CEiophiia sinaragdina). He has seen ants actually holding

larvce in their mouths and utilising them as spinning machines.

To find what would be done, some leaves which had been newly

fastened together by the ants were purposely separated by Mr.

•Green. The edges of the leaves were quickly drawn together

•by the ants, and, about an hour later, small white grubs were

seen being passed backwards and forwards across the gaps made
in the walls of the shaker. Each grub (there were apparently

only two of them) was held in the jaws of one of the worker

ants, and its movements directed as required. A continuous

thread of silk proceeded from the mouth of the larva, and

was used to repair the damage. There were no larvre amongst

the occupants of the disturbed iaclosures, and the grubs used for

spinning were apparently obtained from a nest a short distance

away, which probably accounts for the considerable time that

•elapsed before the rent was repaired.

The temperature of the free air is the title of a paper com-

municated by Dr. Hergesell to Part V, of PeUrmantCs

Geographische Mitteihingen. We have frequently referred to

tl\p great importance of this subject and to the valuable work
performed by Dr. Hergesell in organising ascents of manned
and free (or unmanned) balloons, and in discussing the results

of the observations obtained. In the present paper he collects

and discusses the most recent materials, and deals especially

with the daily range and the vertical decrease of temperature in

the upper strata of the atmosphere. The observations show
that even at a height of a few hundred metres, there is a very

small diurnal range ; at night-time it amounts, in some ascents,

to only a few tenths of a degree, and in the day-time, at about

800 metres, to some 3° or 4° Centigrade, when solar radiation is

unobstructed. On cloudy days, and in the mean values, the

daily amplitude is much less. With respect to the vertical

decrease of temperature, the results of thirty sets of observations

show that in all levels up to 10,000 metres an extremely varying

temperature obtains, according to the season of the year and

the conditions of weather. The decrease at that height reached

or exceeded 40° C. in all cases, but no fixed rule could be laid

down as to the regular decrease with altitude.

A RECENT number of the Scientific American contains a very

interesting account of the use of a diver for the collection of

zoological specimens that has been made in the Bay of Avalon,

California. A large double-ended surf boat, in which the pump
was placed, was towed to the scene of operptions and anchored

securely, bow and stern. Besides this, a number of observation

boats, with glass bottoms, were used, and through these every

movement of the diver could be observed. As soon as the

diver was ready to descend, a scoop-net and a spike were handed

to him. Stepping down, round by round, he finally pushed off

and slowly sank to the bottom in about twenty-five feet of

water. Through the glass bottom of the observation boats every

movement could be plainly seen, as the diver walked through

the weed, parting it on each side with ease, and collecting such

specimens as seemed desirable. In one walk he brought up

angel fishes, star fishes, holothurians, echini, a number of large

univalve shells, a living shark, and numbers of small shells.

The result of two days' work demonstrated the value of this

method of collecting specimens, as in using a dredge many of

the most delicate forms were injured. Where a diver is used it
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is not necessary to take them from the water, the specimens

being transferred in the water from the wire collecting-basket

to a glass jar. The experiments are stated to have proved

beyond question the value of the diver in work of this kind, as

the ground covered was a veritable forest of macrosystis, in

which groups of rocks were scattered, making work with a

dredge impos-sible.

The Russian steamer Rurik has arrived at Tromso, from
Spitsbergen, bringing news from the Russian expedition, which
had wintered on the island for the measurement of an arc of the

meridian. No news could be sent until now, because the carrier-

pigeons which the expedition set free on Spitsbergen refused to

fly southwards and obstinately returned to the wintering place.

The Rurik probably brings in a full report from the chief of the

expedition. Prof. Th. Tchernysheflf, but from a telegram of the

learned geologist, which was sent to the Academy of Sciences

from Tromso, we already learn that all members of the ex-

pedition were well. During the winter astronomical and
physical observations were made according to the programme.
Photographs were taken of aurorre and their spectra, and in the

spring observations were made on Mount Keilhaus, at the

signal-pillar of the meridian arc. South Spitsbergen was crossed

several times. Akhmatoflf made pendulum measurements on
Mount Keilhaus. The state of ice was still unfavourable in

Storfjord, and Prof. Tchernysheff's intention was to make more
excursions and, leaving the " ice-breaker" at Storfjord, to try

to reach the Swedish party at Seven Islands.

The Transbaikalian Railway will be opened for traffic this

month. It begins at Irkutsk, wherefrom a line, forty miles

long» goes to Lake Baikal. There the train is placed on an

ice-breaker-ferry and is transported to the Mysovskaya Station

on the eastern shore of the lake, whence it runs 665 miles pas

Verkhneudinsk, Chita, and Nerchinsk (the town—not the

mines) to Sryetensk. Steamers ply regularly during the summer
from this little town down the Shilka and the Amur to its

mouth. At the station Kaidalova, near Chitri, begins the rail-

way across Southern Transbaikalia, Mongolia, the Great

Khingan Mountains and Manchuria, vid Tsitsikar (on the

Nonni) and Mukden, to Port Arthur. Work is busily carried

on along this last line, building going on on several .sections at

once : in Transbaikalia, at Tsitsikar, and at the southern end

of the line.

Messrs. Cadett and Neall have sent us a sample of their

X-ray paper. It is claimed for this material that a great reduc-

tion in exposure is effected as compared with the most rapid

dry plates, about one-eighth of the usual exposure being all that

is required. The paper has also the advantage over glass plates

of freedom from risk of breakage, flexibility and consequent

adaptability to the object to be photographed, and portability.

The reason for paper of this description requiring so much less

length of exposure than ordinary dry plates, is because less density

is required for a reflecting surface to show structure than is re-

quired for a plate from which prints are required ; consequently,

with the X-ray paper, and using a lo-inch coil with a good tube,

a good print of a hand can be obtained with about two seconds

exposure ; or, using an electrolytic break with the coil, with less

than one second exposure.

An ingenious machine for solving any algebraic equation of

the form /x» -1- /jt'U + /2^"' + &c. = A, by an application of

the principle of Archimedes, is described by M. Georges Meslin

in the Journal de Physique for June. It consists of a beam

balanced on a knife-blade from any point of which may be

suspended a solid of revolution, and a series of such solids is

provided, constructed in such a manner that in the solid of

order n the volume cut off by a horizontal plane is proportional

to the »th power of the distance of the .horizontal plane from
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the lowest point. Thus for orders i, 2, 3, the forms of the

solids are a cylinder ; a paraboloid of revolution, a cone. If the

solid of order n is suspended at a distance / from the knife-

blade, then when it is immersed to a depth x in liquid, the

moment of |the resultant upward thrust of the fluid about the

knife-edge is proportional to px^. The operation of solving the

equation consists in adjusting the weights at suitable distances,

A A»A fi^o"^ the axis, and balancing them, then running water

into a trough containing the solids until the fluid thrusts

balance a weight A fixed at unit distance from the axis of the

beam ; when this is done the equation of moments takes the

form of the given algebraic equation and x, the root of the

equation is equal to the depth of immersion of the solids.

In the Rendiconto del R. Istituto Lombardo, xXxiii. II, 12,

Prof. Luigi Berzolari considers a generalisation of the problem

enunciated by Tanturri, of discovering the number of conies

meeting a given algebraic gauche curve in eight points. The
generalisation consists in the problem of finding the number of

conies meeting one or more given algebraic curves in a points,

passing through b given points and touching c given planes,

where a + 23 -f^ = 8, and a number of results are given referring

to the particular cases when one or more of the algebraic curves

are straight lines.

Although it is now about sixty years since Moser published

the results of his experiments on the action of light upon various

surfaces as revealed by the condensation of vapours upon them,

the character of the change produced by light still remains a

mystery. Theories have been suggested, guesses have been

made, but little or nothing has been proved. Major-General J.

Waterhouse, I.S.C., has, during the last year, accumulated

some additional interesting facts in connection with this subject.

He fully confirms Moser's results as to the production of a

change on the surface of metallic silver by exposure to light that

can be demonstrated by 'the condensation of a vapour, such as

mercury upon it. But he has gone further, and demonstrated

the change by the deposition of silver from solution, after the

manner of the development of an exposed wet collodion photo-

graphic plate. By some half hour's exposure in bright sunshine

"printed out" images were obtained, that is, images visible

without any subsequent application of a developer. General

Waterhouse shows that these results are not due to pressure

against the mask or stencil plate used, nor to the emanation

of vapours from it, nor to heat. Usually blue light gives a

much stronger effect than red, but in one experiment when the

exposure was for three hours to bright sunshine, the effect was

reversed, and the patches under red, orange and yellow glasses

were developable, while those under the blue and violet glasses

were not. But when the silver plate was heated to redness,

quenched in dilute sulphuric acid, washed and dried, and the

cut out design was also warmed before use, the effect produced

by light was so small that it seems doubtful whether there was

any effect at all. On the other hand, if the silver plate was

exposed to the fumes of certain substances, especially nitric acid,

it was rendered very much more sensitive. General Waterhouse,

in his communication to the Royal Society, states that he hopes

to continue the investigation this summer, and invites others to

extend the observations that he has described.

In the course of the Cavendish Lecture on the "Application

of Pathology to Surgery," recently delivered by Mr. H. T.

Butlin, of St. Bartholomew's Hospital, to the West London

Medico-Chirurgical Society, a good deal was said with reference

to research work, especially in relation to pathology. In the

course of the lecture the need was pointed out of two species

of pathological laboratories for research—one for research in pure

pathology, without any reference to its application, which
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" need-Jiot- be attached, so far as its site is concerned, to any
hospital. The other for research in applied pathology, the
laboratory for inventors, must needs be attached to the hospital

;

and those who work in it should have the freest access to the

wards, even if they are not in charge of special wards, and
should have every opportunity of observing what is done there

and in the operating rooms. In order that they may be
thoroughly instructed in the science of pathology, they should be
taken from among the workers in the laboratory of pure
pathology, and should be selected on account of their special

aptitude for the work of research and for the originality they

have exhibited. They leave the school of discoverers and the

science of pure pathology for the school of inventors and the

science of applied pathology." After alluding to the advance
that has been made during the last few years, the lecturer said :

" Money and organisation are riecessary if great results are to

be secured. The laboratories for research in pure pathology are

too small and too scattered, and insufficiently endowed. The
laboratories in the hospitals, which ought to be devoted to

applied pathology, are used for every kind of microscopical and
bacteriological examination and for teaching, so that research is

crowded out. And pathological chemistry, from which vast

things are to be hoped in future, has taken no proper hold upon
the town." An investment of funds for the advancement of

medicine and surgery, something like the provisions made in

certain industrial establishments in Germany for research, was
needed, in the opinion of the lecturer, who had no doubt as to

the advantage which would accrue from such a movement.

In No. 6 of the Ttifts College Studies appears an impoj^ant

paper, by Mr. J. S. Kingsley, on the ossicles of the ear, which

concludes with a suggestive discussion on the origin of mammals.

In regard to the latter part of the subject, the author, as might

be expected, attaches much importance to the fate of the

quadrate bone of the lower vertebrates in mammals. And he
arrives at the conclusion that the incus is mainly the represent-

ation of that element, although a portion of the latter may be

included in the tympanic ring. It is further urged that the

articulation of the lower jaw with the skull in mammals does

not correspond with the same articulation in the lower

vertebrates, but is entirely a new formation.

As regards the origin of mamn^als, Mr. Kingsley urges that

the ancestral type must certainly have possessed a freely

movable quadrate bone ; from which he is led to conclude that

the fixed suspensory arrangement of the lower jaw found in the

chimseroid fishfes, Ceratodus, and amphibians, is an acquired, and

not a primitive, feature. Hencei the fringe-finned fishes like

Polyptertis indicate the ancestral stock of the higher vertebrates.

Reverting to mammals, it is shown that the anomodont reptiles

of South Africa are far too specialised to have been the parent

stock. From this and other inferences it is concluded that " no-

reptile has yet been found which will in any way fit the require-

ments for the ancestor of the mammalia ; but that all known

facts point rather to a line of descent from forms allied to the

amphibia." There is, however, no amphibian type which con-

forms to the necessities of the situation, and it is accordingly

necessary to go back to the common ancestor of the existing;

salamanders and coecilians, and of the extinct labyrinthodonts or

stegocephalians. In conclusion, it is stated that the ear-bones

negative the view advanced by Mivart as to the egg-laying,

mammals having developed from a separate slock to that which

gave origin to the other members of the class.

Memoir 4 of the Australian Museum, Sydney, deals with some

of the Crustacea obtained during the trawling expedition of

H.M.C.S. Thetis off" the coast of New South Wales in the early

part of 1898. Mr. T. Whitelegge, who has been entrusted with
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the description of this group, states that the collection of Crus-

taceans obtained during the cruise is remarkably rich in forms

cither new to science or to the fauna of New South Wales. Of

the forty-five species recorded, twenty come under the latter

category and nine under the former. But the present fasciculus

applies only to the higher groups of the class, and when the

lower forms are worked out a still larger proportion of novelties

may be expected. The new types are figured in a well-executed

series of plates.

In its Bulletin, No. i8o, the Michigan State Agricultural

College Experiment Station sets an excellent example by calling

attention to the noxious insects which have been most numerous

during the past year in that district, and the best means for their

destruction.

The North London Natural History Society's syllabus for

the period July to jDecember has just reached us, and gives

promise of an interesting session.

The Bibliolheca Mathematica, iii. i, contains a heliogravure

portrait of the late Sophus Lie, together with a descriptive list

of his papers by F. Engel, of Leipzig.

Messrs. Williams and Norgate's " Book Circular " for

June has reached us. In it are to be found notes on new and

forthcoming scientific publications, and a list of works on

medicine, natural history, chemistry, physics, mathematics, iS:c.

We have received Nos. 7 and 9 of Scientia. The former, by

Dr. Denis Courtade, is entitled " L'Irritabilite dans la Serie

Animale," while the latter, by Dr. Pierre Bonnier, is called

*' L'Orientation," and deals with the notion and perception of

space by animals, and the localisation of external objects.

The conclusion of the series of articles on " South African

Lepidoptera," by F. Barrett, in the Entomologist's Monthly
Magazine, appears in the current issue of that periodical, and in

it is contained the first instalment of an account of "An Excur-

sion to Egypt, Palestine, Asia Minor, &c., in search of

Aculeate Hymenoptera," from the pen of Rev. T. D. Morice.

The July issue of " Climate, a quarterly journal of Health

and Travel " contains several interesting articles, such as '
' The

Art of Travelling " (an interview with Mrs. Bishop, the

traveller), and "The Malaria Question," by the editor, in

which a good deal of information is given in a compressed

form.

. In the new number of "The Journal of the Royal Agri-

cultural Society of England," Mr. W. E. Bear, in an article

on " Fumigation for Insect Pests," passes in review the

methods of fumigation that are or have been in use in various

parts of the world, and the measure of success they have met
with.

The July number of Knowledge has as its leading article an
account of the recent total solar eclipse, by Mr. E. W. Maunder.
It is accompanied by a "process" reproduction of a full-page

drawing of the corona, the work of Miss C. O. Stevens. Dr.

W. Stanley Smith has commenced in the same periodical

an interesting series of articles on Early Theories of Fermenta-
tion.

The current number of Science Gossip contains the first of a
series of " Geological Notes in Orange River Colony," from the

pen of Mayor B. M. Skinner, which probably will appeal to a
wider circle of readers just now than would have been the case

had war not broken out. The present instalment deals with
(the country lying between Enslin and Bloemfontein.

NO. 1602, VOL. 62]

The Agricultural Journal, published by the Department of

Agriculture, Cape of Good Hope, always contains many items

of interest and value to the student of agriculture. The issue

for May 10, which has just come to hand, contains, among
other things, a good portion of the inaugural address on " The
Bearings of Education and Science on Practical Agriculture."

which was delivered by Prof. Somerville at Cambridge in

November last.

The Commissioner of Agriculture for the West Indies has

issued a handy and useful pamphlet, entitled " Hints and Sug-

gestions on Planting in Tobago." The greater portion deals

with the subject of cacao culture, and is written by Mr. E. R,

Smart, and revised by Mr. J. H. Hart and others. Short notes

on other plants are from the pen of Sir R. B. Llewelyn, formerly

Administrator of Tobago.

The Yorkshire College, Leeds, on behalf of the East and

West Ridings Joint Agricultural Council, will provide courses

of instruction in the following subjects throughout the ensuing

year:—Results of the Garforth and other experiments in the

East and West Ridings ; agriculture ; veterinary hygiene ; horti-

culture ; and poultry keeping. A guide has been issued by the

two bodies to experiments at the Manor Farm, Garforth, for the

year 1900.

The Zambesi Mission Record is a Well-edited quarterly

periodical, which contains not only reports of the religious and

educational work done by the Catholic Mission under the

auspices of which it is brought out, but also from time to time

notes and articles on the natural history, botany and meteorology

of the area traversed by the society ; thus the issue for July

contains notes on the weather and climate from observations

taken at Bulawayo during 1899, and a lengthy contribution,

entitled " By an African Pool," in which there is a good deal

of popular science, appealing for the most part to the ornitho-

logist. The latter article is illustrated by well-executed

" process " blocks of photographs of specimens from the Albany

Museum, Grahamstown.

Recent successful attempts to prepare tubes and bulbs of

fused quartz have led to a more detailed study of the thermal

properties of this material. Its low coefficient of expansion

and absolute unalterability at high temperatures would point to

fused silica as an ideal material for air thermometry, and hence

the observation by M. P. Villard in the current number of the

Comptes rendus, that it resembles platinum in being permeable to

hydrogen at high temperatures, is a disappointing one. A mano-

meter connected to a pump and quartz tube, the latter being

heated in a Bunsen burner to about 1000° C, shows a slowly in-

creasing pressure, amounting in the course of a day to several

centimetres of mercury, and on examination the gas proved to

be nearly pure hydrogen. The same number contains a so a

note by M. Dufour on the resistance of fused silica to sudden

changes of temperature in which it is stated that quartz tubes,

even although badly made, may be heated to any temperature

and plunged into cold water without showing any signs 01

breaking.

In the current number of the Berichte is a note by Dr. Vaubel

on the phenyl derivative of diimide, Nil : NH. This has been

isolated in a simple manner from the products of reduction of

diazoamidobenzene with zinc dust in alkaline solution. Phenyl-

diimide CgHj.N : NH is an oily liquid of a pale yellowish colour,

which can be distilled in steam, and possesses a strong odour of

almond oil. Since it cannot be distilled with steam from an

alkaline solution, it would appear to possess acid properties ;

it is very poisonous, and has no reducing action upon Fehling's

solution. Contrary to expectation, it explodes neither on
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heating nor by shock. On account of its great stability towards

oxidising agents, the author suggests the formula CgHg.N j NH
as being the most probable.

The additions to the Zoological Society's Gardens during the

past week include two Tigers {^Felis iigris, <J , ? ) from India,

presented by H.H. the Maharani Regent of Mysore ; a Black-

eared Marmoset (ZTa/a/^ yac^/^?<j) from South-east Brazil, pre-

sented by Mrs. G. L. Bagnell ; a Pine Marten {Mustela marles),

British, presented by Mr, C. G. Beale ; a Common Squirrel

(Sciurtts vulgaris), British, presented by Mr. Cecil Slade ; a

Yellow-cheeked Amazon {Chrysotis autumnalis) from Honduras,
presented by Mr. S. Rankings ; two Crimson-crowned Weaver
Birds {Euplecies Jlammiceps) from West Africa, presented by
Mrs. Charles Green ; a Sharp-nosed Crocodile

(
Crocodilus

cataphractus) from West Africa, presented by Mr. J. A. Robb ;

a Four-lined Snake (^Coluber quatuorlineatus), European, pre-

sented by Mr. W, R. Temple ; four Natterjack Toads {Bujo
calamiia), European, presented by Mr. Stanley S. Flower ; two
Great Wallaroos {Macropus robustus, 6 , 9 ) from South
Australia, three Wrinkled Terrapins (CArysemys scripta rugosa)

from the West Indies, deposited ; an Adanson's Sternothere

(Sternothoerus adansoni), a Common Chamreleon {Chamaeleon
vulgaris) from the Soudan, received in exchange ; a Burrhel
Wild Sheep {Ovis burrhel)^ two Black-backed Gulls (^Larus

marinus), a Herring Gull {Larus argentatus'), bred in the

Gardens.

Erratum.—We are asked to state that in the report of Prof.

S. Young's paper, read before the Physical Society on June 22,

on the Law of Cailletet and Mathias, the words " i per cent."

(p. 215, col. I, line 3) should be "o'l per cent." The o was
omitted from the report sent to us.

OUR ASTRONOMICAL COLUMN.
Comet Giacobini (1900 a).—Several observations have

been made of this comet since its conjunction with the sun,
but it is reported as faint. The following positions are an
abridgment from the Ephemeris by Herr Ristenpart in Astro-
nomische Nachrichteii, No. 3636.

Ephemeris for 12/t. Berlin Mean Time.
I90O- R.A. Decl.

July 12

14
16

18

20
22

24
26
28

30

R.A.
h. m. s.

22 29 5
12 29

21 55 5

37 4
18 42

21 O 16

20 42 2

24 19
20 7 20
19 51 16

-f 46 25-9

46 50-9

47 5'i

47 7-1

46 55 9
46 30-8

45 51-8

45 o-o

43 56-4

+ 42 42-4

The comet attains its maximum north declination on the i8th,
to the north-west of a Cygni, afterwards travelling in a south-
westerly direction through Cygnus and Lyra.

WALTER PERCY SLADEN
gY the death of Walter Percy Sladen, the world has lost one

of the most lovable of men, and science an earnest devotee
—a worker content to spare no effort could he but discover the
truth.

Sladen was born on June 30, 1849, at Meerelough House,
near Halifax, Yorkshire, and was educated at Hipperholme
Grammar School, and afterwards at Marlborough under Dean
Bradley. He came of an old Yorkshire family, who have -been
niuch respected for many generations ; and ease and refinement
of manner were among his marked characteristics, while the
charm of his address endeared him to all with whom he came in
contact.
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He never attended a regular academic course of instruction
in the branch of science in which he became eminent; his
elementary training was self-acquired, and his leaning towards
zoology innate. The definitive choice of the Echinoderma as
the object of his life's work was of his own seeking, after much
consideration ; and in this he showed great force of character
and a power of self-reliance which there was reason earlier to
believe he possessed, for even before he entered Marl-
borough he evinced an unusual predisposition towards science,
in founding for his boy friends a scientific society devoted more
especially to the study of astronomy, in connection with which
he became known among them as the " Astronomer Royal."
Little did he think that he would in later life become for ten
years a secretary of a leading scientific society, and that for
eighteen he would conduct the affairs of a zoological research
committee, as he did in his capacity as Secretary to the British
Association Table of the Naples Station.
Sladen's scientific work, so far as his published memoirs and

papers are concerned, extended over a period of seventeen years,

1877 to 1893. Of these there are thirty-four in all—twenty-one
from his own hand, thirteen in conjunction with his intimate
friend and adviser, the late Prof. Martin Duncan. Beyond
these there stand to his record certain bibliographical notices
and miscellanea. Of the thirty-four published works, fifteen of
which he was sole, and four of which he was joint author, deal
with the starfishes ; and of the remaining fifteen, nine were con-
joint, and devoted, with the exception of two, to fossil forms.
Conspicuous among these are reports upon the collections made
by the Geological Survey of India ; and among those which he
alone produced are Parts i. and ii. of the second volume of the
Palseontographical Society's Memoirs on the Fossil Echinoder-
mata, which were his last published works. They deal with the
Cretaceous Asteroids, and appeared in the Society's volumes
for 1890 and 1893. His first three papers deal with the
remarkable creature Astrophiura, whose generic name is self-

explanatory. The first, a brief description, was published in
\.\\& Proceedings of the Royal Society for 1878; the other two,
each containing a Latin diagnosis, in the Zoologischer Anzeiger
and Annals and Magazine ofNatural History, the year follow-
ing. His remaining papers appeared in the Annals and the
Journal of the Linnean Society, the publications of the Royal
Society of Edinburgh, and elsewhere. They mostly deal with
whole collections, and include reports on those, made in the
Arctic Region in 1875-1876, on those of the Alert, Knight
Errant and Triton, as also those made in the Faroe Channel,
the Korean Sea, and the Mergui Archipelago. In each
Sladen produced good results, as in the discovery of genera,
such as Micraster and Rhegaster; and what more natural,
therefore, than that he should have been entrusted with the
working out of the Asteroids collected by H.M.S. Challengery
the report upon which was the crowning achievement of ihis

life.
'

This magnificent work of 900 pp., with its accompanying
atlas of 118 plates, ranks among the most masterly and
exhaustive of the Challenger volumes. Before taking it

seriously in hand, Sladen visited every museum in Europe (with
one exception) which was known to contain starfishes of im-
portance

; and, as pointed out by the editor in its preface, it is

a monograph of the whole group. The labour involved in its

production was prodigious ; and its interest is enhanced by the
fact that the bulk of it was written between the hours of 9 p.m.
and those of early morning, often after a day's occupation with
other affairs. The extension of the family Pterasteridae and the
great addition to our knowledge of the deep-sea forms are its-

most salient characters ; but we know not which to admire most,,
the body of the work, with its laborious descriptions of individual
forms, or the supplemental part, in which there is given a list

of every known species, with a record of its bathymetric distri-

bution. Elementary student and expert stand alike indebted to
him for this monumental work, indispensable to progress in the
knowledge of the subject with which it deals. Generic names
like Benthaster and Marsipasler are sufficiently significant in
themselves. Proceeding to classification, Sladen made good use
of the marginal and ambulacral plates, and his subdivision into
the sub-classes Euasteroidea and Palaeasteroidea, with the
ordinal divisions to which he was led, has withstood the test of
time and become the adopted classification of the better text-

books, as for example those of Lang and Gregory. In this his
influence on the progress of science will live, and it is a matter
of profound gratification that only a short time before his death.
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he gave expression to the satisfaction this recognition afforded

him.
Beyond this magnificent work and those papers more or less

immediately associated with il, wholly taxonomic, Sladen pro-

duced others of a physiological and developmental order, as

for example his Naples Station paper, on the structure and

functions of the pedicellarire, and that announcing his discovery

of the "cribriform organ," and his papers on the apical plates of

the Astrophiuroids, in which he was obviously in agreement

with his friend, the late Dr. Herbert Carpenter, in the belief in a

stalked ancestry of these. It has been said of his taxonomic

work that his descriptions are protracted, and that he deals with

i specimens as species. There is, however, no reason to believe

that he was using the term species in any but a purely conven-

tional sense, without necessarily implying any fixed inter-relation-

ships ; and his painstaking accuracy of description was the out-

come of an excessive honesty of purpose and desire for thorough-

ness, in which he was altogether exemplary. There never lived

a man with a truer sense of honour.

Some ten years ago Sladen had a bad attack of influenza,

followed at intervals by several similar visitations, which unfitted

him for serious scientific work, but he always hoped to get better

and to take it up again. The last winter was passed in Devon-

shire with very beneficial results, and he might be said to have

been in his usual healtti when two months ago he started with

his wife for Rome. But the wish to return to work was not to

be fulfilled ; after spending six weeks in Rome he journeyed to

Florence, and there after a week of rather active sightseeing, on

June 1 1, he was taken with a fainting fit, and though he quickly

recovered consciousness and declared his intention of going to

Como that very night, within half an hour he passed away by

failure of the heart's action.

He was a Fellow of the Linnean, Zoological, and Geological

Societies ; for ten years Zoologic Secretary, and later a Vice-

President of the former. In his secretarial capacity his genial

nature found full sway, and his encouraging attitude to the

younger men with whom he came in contact will ever be

remembered. As a boy at school he was the captain wrestler.

He was a good shot, though never a sportsman or member of

a rifle corps, but he belonged to a private Guerilla Club in

Yorkshire, of which he was sometime secretary.

In 1890 Sladen married Constance, elder daughter of the

late Dr. W. C. Anderson, of York ; and about two years ago

he inherited from an uncle the estate of Northbrook, near

Exeter, and there he has been laid to rest. It will be remem-

bered that he recently gave the sum of 2000/. to insure the

lives of the Yeomanry and Volunteers of his county going to

the front in the Boer campaign ; and this is but one among
many of his generous acts, the majority of which are known
only to the recipients. A loving husband, a trustworthy frierid,

whose advice was always sound, a keen sympathiser wiih

suffering humanity, he has passed from us ; but his memory
and tender-loving influence for good will endure.

Among his scientific effects are a large library and some

zoological collections of great value. Sladen had always a

taste for old books, and one of his last expeditions was to a

monastery at Subiaco, to examine some ninth century MSS.
there preserved, and he had collected a goodly number of

ancient MSS. and examples of early printing. His collection

ofEchinoderm literature is very complete ; while, as to material,

he leaves the collections of his friend, the late Herbert Car-

penter, rich in Crinoids and other rare animal forms, which

include, as a separate historic possession, the materials which

formed the basis of the elder Carpenter's book on the micro-

scope. These he purchased. There were also in his posses-

sion at the time of death a large series of Cretaceous Echino-

derms, upon which he was contemplating a renewal of his

Palaeontographical Society's work ; and the collection of Astro-

phiuroids of the Albatross, entrusted to his hands by Prof. A.

Agassiz. There accompanied these a series of superb coloured

j

drawings from the life, like those already published

I

for the Holothuroidea of the expedition ; and the very day

1 ofhisdealh there reached him a letter from the same distinguished

I explorer, offering him the materials of his recent Australian

cruise. It was Sladen's intention to have returned to these rich

possessions ; and we could desire no more fitting memorial to his

work than that it might be possible to find and trainacompeteni
zoologist to continue that which he has left thus unfinished, on
the lines on which he would have laboured, and to hand it down

•sterity a completed record in his name. G. B. H.
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JEREMIAH HORROCKS AND THE TRANSIT
OF VENUS.

\^E are indebted to the Joiirna' of the Leeds Astronomical

Society for 1899, which contains an interesting paper by

Mr. A. Dodgson, on the life and work of the illustrious young

astronomer, Jeremiah Horrocks. This worthy was born in

1619, 281 years ago, in the reign of James I., at Toxteth, three

miles from Liverpool. He received his early education there,

but on reaching the age of fourteen, he entered as "sizar" at

Emmanuel College. Cambridge. At seventeen he was enabled

to become tutor at To-cteth, and two years later, i.e. in his nine-

teenth year, he was appointed curate at Hoole, near Preston.

Soon after this he made his memorable astronomical observa-

tion of Venus, and only two years later was dead. The life of

the young man at Cambridge, as traced by Mr. Dodgson, was

one of persistent industry. Imbued at an early age with a love

of studying natural phenomena, he was hampered at the outset

IN MKMORY OK
.IKUKMIAH IIOKROX, ONE OF THK

a.-:tuunumkks this kingdom f^vK

BOilN IN TOXTETH PAHK !>•

DIED IN 1041, Af'TVn ''

-i KVATIO.N'S WEKE AM:

Ul'.ill MILE8 fEOM PBESXO.N, AVJiEHl. ;;
'

fltEUlCTED, AND WAS THE FiRST PUUS'

WHO SAW, THE TBANSIT OF VEVUS
OVER THE 6UN.

THIS MONUMENT WAS EKECTEl* flY

U. HOLDBN, ASTRONOMEK-

by the absence of instruction in mathematics and the scarcity of

books. This difficulty of getting philosophical and scientific

works is clearly shown by the fact that of the thirty-two

volumes he possessed later, not one was published in England or

written by an Englishman. Lansberg's works he could not make
agree with his own observations, and later, having obtained

those of Kepler through the advice of his friend Crabtree, of

Manchester, he found that even they needed many corrections.

His first results in astronomical research were in elucidation of

the lunar theory. Sir Isaac Newton confirms that he was the

first to state the ellipticity of the moon's orbit ; he also stated

the causes of " evection " and " annual equation." The experi-

ment of the circular pendulum for illustrating the action of a
central force is also due to him. Most interesting, however, is

his successful prediction of the transit of Venus in November,
1639. Kepler had stated that the two next transits would occur

in 1631 and 1761, but Horrocks found, during his revision of the

tables he had in use, that another would take place, the slight
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errors in Kepler's tables probably accounting for his omitting it.

Horrocks made all preparations for observing the phenomenon,
arranging the image projected from his telescope (which had cost

him half-a-crown) on a sheet of white paper having a circle six

inches in diameter traced on it, the circumference being divided

into degrees. He watched from Sunrise to nine o'clock, and
from ten until noon. Resuming his labour again shortly after

three, he was overjoyed to find a round black spot just within

the limb of the sun, at the internal contact. During some thirty

minutes he was enabled to make many observations, which he

considered very successful. Besides these definite scientific

achievements, he wrote upon many different phenomena con-

nected with the solar system, including the motions of Jupiter,

Saturn, and various comets. The illustration on p. 257, repro-

duced from Mr. Dodgson's paper, shows Carr's house at Hoole,
where Horrocks made his transit observation, and also the monu-
mental tablet erected in 1826 to his memory in Hoole Church.

JUBILEE OF THE IMPERIAL GEOLOGICAL
INSTITUTE OF VIENNA.

'T'O celebrate the fiftieth anniversary of the foundation of the
-*- Imperial Geological Institute of Vienna, a jubilee meeting
was held on June 9 in the Great Hall of the Institute under the
presidency ot its present director, Hofrath Guido Stache. The
meeting was attended by a number of high Government officials,

geologists, and representatives of national industries and
scientific associations.

The director having welcomed the guests, speeches of con-
gratulation were delivered by his. Excellency the Minister for

Spiritual and Educational Affairs, Dr. W. Ritter von Hartel, his

Excellency the Minister for Railways, Dr. H. Ritter von
Wittek, and the Mayor of Vienna, Dr. C. Lueger. These
were succeeded by the following representatives of scientific

institutions and industries, who presented addresses : Geheimrath
von Richthofen, conveying the good wishes of the Prussian
Royal Academy of Sciences, the Gesellschaft fiir Erdkunde,
and the German Geological Society ; Prof. Dr. Beyschlag, for

the Royal Prussian Geological Institution and the Berg
Akademie of Berlin ; Geheimrath Dr. Lepsius, for the Grand-
ducal Institute of Hesse and the Upper Rhine Geological
Society at Darmstadt ; Prof. Dr. E. Naumann, for the Sencken-
berg Natural Science Society of Frankfurt a-M. ; Sectionsrath
Boeck, for the Hungarian Geological Institution and the
Hungarian Geological Society ; and Chief Geologist Petho, for

the Natural Science Association of Buda-Pesth.
Among Austrian representatives there were : Prof. E. Suess,

as President of the Imperial Academy of Sciences ; Prof. L.
Szajnocha, for the Cracow Academy ; Prof. Woldrich, for the
Bohemian Francis Joseph Academy ; Hofrath Steindachner, for

the Court Museum of Natural History ; his Excellency Field-

Marshal Ritter von Steeb, as Commandant of the Military
Geographical Institute ; Rector Zeisel, for the Agricultural

College ; Hofrath Juraschek, for the Central Statistical Commis-
sion ; Prof. Doelter, for the Steiermark Scientific Society ; and
Vice-President Straberger, for the Francisco-Carolineum at

Linz.

The good wishes of the Lower Austrian Chamber of Commerce
were presented by the President of the Northern Railway,
Hofrath Jeitteles, and the congratulations of societies for the
advancement of allied sciences were tendered by Custos
Marenzeller, Freiherr von Poche, Hofrath Toula, Freiherr von
Andrian, and Councillor Karrer. In conclusion, the Chairman
read those parts of the Jubilee Report which referred to the
advancement of the Institute by the Emperor and the Govern-
ment.
Among the 264 messages of congratulation received the

following are specially mentioned : from the Geological Survey
of Great Britain and Ireland, the Geological Society and the
Iron and Steel Institute in London, the Smithsonian Institution

and the United States Coast and Geodetic Survey in Washing-
ton, the American Philosophical Society in Philadelphia, and
the Cincinnati Society of Natural History. Also those of the
Imperial Russian Academy of Sciences, the Russian Geological
Committee, and the Imperial Russian Mineralogical Society at

St. Petersburg; the Naturalists' Society of Moscow, the Royal
Swedish Academies at Stockholm and Upsala, the Academia
dei Lincei and the Ufficio Geologico in Rome, the Science
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Academies of Naples and Turin, the Belgian Geological Society,
the Royal Academy of Amsterdam, and scientific associations

and institutions at Halle, Dresden, Leipzig, Breslau and
Gottingen.

The Institute, or Geologische Reichsanstalt, was founded in

1849 by the then Minister of Mines and Agriculture, von Thinn-
feld, with the object of working out the geology of the whole
empire, collecting and arranging the material, and publishing
the results in maps and memoirs. Haidinger was its first

director, and his chief geologist was Freiherr von Plauer, who
was appointed director on Haidinger's death in 1866. In those
early days the position of the Institute was not by any means
secure. In 1859 an attempt was made to abolish it as a separate
institution and to incorporate it with the mathematical and
natural science section of the Imperial Academy of Sciences.
But the proposed change failed to obtain the approval of the
Reichsrath.

Between 1867 and 1 871, under von Hauer's direction, a
geological map of the Austro- Hungarian Monarchy was pub-
lished, to a scale of i in 576,000. Under the supervision of the

present director, Hofrath G. Stache, the publication of a series

of detail maps has been commenced. The publications of the
Institute comprise the zsm^x^X Jahrbuch, which has now reached
its fiftieth volume, the Verha^uilungen, and the Abhandlungen.
The latter are in 4to, and up to the present they have an aggre-

gate of 7000 pages and 950 lithographic plates. Besides, ex-

planatory letterpress is issued with each section of the new
detailed geological map drawn to a scale of i in 75,000.
A chemical laboratory is attached to the Institute, which un-

dertakes geological and industrial analyses. This laboratory

was suppressed for several years, owing, it is said, to the over-

shadowing influence of another laboratory connected with the

Vienna Academy of Sciences (see Dr. Tietze's " Life of Franz
von Hauer," Vienna, 1900).
The Institute possesses extensive geological and mineralogical

collections, chiefly from Austrian and Hungarian districts.

These are exhibited in twenty-one rooms, some of which are

really halls of great architectural beauty. The library contains
over 40,000 volumes.
The Reichsanstalt is under the supervision of the Minister for

Spiritual and Educational Affairs. Its annual income is 18,000/.

Its staff numbers twenty persons, twelve of whom are employed
in the Geological Survey.

A PARTIAL EXPLANATION OF SOME OF
THE PRINCIPAL OCEAN TIDES.

AT the meeting of the U.S. National Academy of Sciences
^~*" on April 19, a paper bearing the above title was read by
Mr. R. A. Harris, of the United States Coast and Geodetic
Survey. An abstract summarising the chief results arrived

at has been published by the Academy : the full memoir is to

be issued as an Appendix to the Annual Report of the Survey
for. 1 899- 1 900. The abstract is too short to allow of critical

examination of the methods employed in these inquiries, but

some of the conclusions stated are very significant and important.

Mr. Harris enunciates the fundamental proposition of his

investigation in the following terms: " Considering the actual

distribution of land and water, a few computations upon hypo-
thetical cases will suffice to convince one that as a rule the

ocean tides, as we know them, are so great that they can be

produced only by successive actions of the tidal forces upon
oscillating systems, each having, as free period, approximately

the period of the forces, and each perfect enough to preserve

the general character of its motion during several such periods

were the forces to cease their action . . . having once for all

constructed a set of force diagrams for the various latitudes, we
have only to discover those regions which have a free period of

oscillation about equal to the period of the forces, and to then

ascertain at what time the particles should be at elongation in

their nearly rectilinear paths."

The main idea underlying this proposition is not altogether

new, the novelty in the present paper is rather an attempt to

locate and define areas which seem to account for the principal

ocean tides, due regard being had to the difficulties arising from

irregularities in the natural boundaries of such areas where
such exist, or from the absence of natural boundaries. Each
oscillating area is one of comparatively simple form, of which
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the free period of oscillation, supposing its boundaries all rigid,

would not differ much from twelve lunar hours, and the forces

are connected with the dominant ocean tides by applying to such
an area, or to a system of such areas, the rule that "if to the

particles of water in a given oscillating system, each area of

uniform depth, and wherein the resistances are proportional to

the velocities of the particles, a series of simple harmonic forces

having for period the free period of the body of water be
applied and a permanent state established, then must the time

of elongation be simultaneous with the time when the virtual

work of the external periodic forces upon the system becomes
zero." Applying this rule, by means of the tidal-force diagrams
the time can be found when " the aggregate of the elementary
masses, each multiplied by the intensity of the tidal force in the

direction of the displacement of the element, and again by a
quantity proportional to the value of the maximum displacement
(since the oscillation is harmonic), is zero "

: this is the time of

high or low water. The results of this method appear at once
in a few simple cases : thus in an east-and-west canal half a

wave-length long it is high water at the east end at the

component hour o or 12, the time meridian being understood to

be the meridian of the middle point of the canal ; in a

meridional canal one wave-length long, whose centre lies

UNIVERS11 Y AND EDUCATIONAL
INTELLIGENCE.

Oxford.— Applications are invited for the new Wykeham
professorship of physics, referred to in a note on May 24 (p. 91).
The election will take place in November, and applications must
reach the Registrar not later than October 24. The following par-
ticulars are given in the University Gazette :—The subjects on
which the professor will chiefly lecture and give instruction will

be electricity and magnetism. The professor will have the
charge of any laboratory which the University may assign to him.
It is expected that rooms, now otherwise occupied, will be
assigned to the professor for a laboratory in the course of the
year 1901 ; 700/. will be appropriated to fitting up the labora-
tory, and provision has been made for spending 250/. a year for

the first two years on assistance and maintenance. As soon as
the professor is elected, he will be entitled to be admitted to a
Fellowship at New College of the annual value of 200/. In
addition, from January i, 1901, he will receive from New
College (l) an annual payment of 200/. ; and (2) a further annual
payment of 100/. so long as the College has funds available for

the purpose. It is anticipated that this further payment will be
paid for not less than twelve or thirteen years.

between 45° south and 45° north latitude, it is high water at
both ends at the component hour 9 ; if the centre lies beyond
these limits, the component hour of high water at the ends is 3.

Before laying down the oscillating areas, Mr. Harris gives a
number of lemmas which have to be borne in mind as modifying
the motions discussed. To quote one example: "Suppose a
stationary oscillation to exist in a canal communicating with a
tided sea ; let the length of the canal lie between o and \ \,
then at the time of high water outside it is high water through-
out the canal (e.g. many Alaskan canals). If the length lie be-
tween i \ and i A, it is low water for a distance of ^ A from the
head at the time it is high water outside (e.g. Irish Sea, node at
Courtown ; English Channel, node at Christchurch). If the
length be equal, or nearly equal, to ^ \, then the horizontal
motion at the mouth, instead of the vertical motion, determines
the time of tide within ; this tide will be three hours later than
the tide outside (e.g. the Gulf of Maine).
The systems supposed to account for the principal semi-daily

movements of the oceans are outlined on the chart which we re-

produce in a reduced form ; the Roman numerals indicate the co-
tidal hours. The main systems are seven in number : (i) North
Atlantic, (2) South Atlantic, (3) North Pacific, (4) South Pacific,

(5) North Indian, (6) South Indian, (7) South Australian (solar).
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Prof. McCall Anderson, Professor of Clinical Medicine
in the University of Glasgow, has been appointed to the chair

of Systematic Medicine in the same University, in place of Sir

W. Gairdner, resigned.

The war in South Africa has raised many questions of great

national importance which are fortunately receiving the atten-

tion of many thoughtful people. Prominent among these sub-

jects of discussion is the urgent problem of how to obtain an
improved supply of suitably educated officers, which was
recently dealt with in a paper read by the Headmaster of Eton
at the Royal United Service Institution. Dr. Warre maintains

that a wider diffusion of the knowledge of the elementa of

military science among the educated youth of the nation would
tend, not only to raise the standard of military knowledge in

the Army and Auxiliary Forces, but to improve the methods of

communicating that knowledge to the rising generation, an
indirectly widen the area from which a supply of well-educated

officers may constantly be drawn. The great majority of the

headmasters of our public schools agree with Dr. Warre, and
he has drawn up, at the request of the War Office, a memo-
randum in which he advocates the need for a new Act of

Parliament, the tenor of which should be " that all persons in
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statu pupillari in public secondary schools above the age of

fifteen, able and willing to bear arms, should be enrolled for the

purpose of instruction in drill, manoeuvre, and the use of arms."

At the same time the paper makes it quite clear that the Head-

master of Eton thinks mere proficiency in drill is not sufficient

—at every step the boy must be taught the reason of everything

he is called upon to do, and throughout his training his intel-

ligence must be carefully and steadily developed. Approaching

the same question from another point of view. Prof. Armstrong,

in a letter to the Times, maintains that no amount of mere
military training given in schools, or subsequently, will ensure

the necessary improvement in our officers, unless the intelligence

of boys is more satisfactorily developed in the early years at

schools—an end which can best be secured by an adequate

training in the scientific method. It may fairly be surmised

that the Headmaster of Eton is quite in agreement with Dr.

Armstrong as to the paramount importance of early teaching,

and that both are equally anxious that intelligent citizens should

somehow be produced. Of the value of a familiarity with the

methods of science it is here unnecessary to say anything, but

it would certainly appear that both contentions are right.

What is wanted is Dr. Warre's intelligent military training for

public school boys who have all had the advantage of a training

in the scientific method for which Dr. Armstrong pleads.

SCIENTIFIC SERIALS.
Transactions of the American Mathematical Society, vol. i.

No. 2, April.—On the metric geometry of the plane w-line, by
F. Morley. The relations which «-lines of a plane exhibit, when
considered in relation to the circular points, have not received,

in Prof. Morley's opinion, systematic attention .since the im-
portant memoirs by Clififbrd, on Miquel's theorem ("Works,"
p, 51), and by Kantor ( Wiener Berichte, vols. Ixxvi. and Ixx viii. ).

He applies certain notions which are fundamental in the
geometric treatment of the theory of functions, and especially

the notion of mapping. The paper is an interesting exten.sion

of Clifford's chain, and adds many curious results.—On relative

motion, by A. S. Chessin. A memoir extending to 54 pages.

The theory developed in it originated in a memoir by Bour in

1863 {Journal de Liouville, Ser. 2, vol. viii.). It deals mainly
with the so-called " second form " of differential equations of

Lagrange, and with the canonical system of differential equations
of Ilamilton-Jacobi. The first part of the paper deals only with
the theory ot relative motion. The differeniial equations are
derived from one fundamental principle embodied in the so-

called " theorem of Coriolis." This enables the author, not only
to write down the differential equations of relative motion im-
mediately from the corresponding equations of absolute motion,
but to obtain equations as general as those kno7vn for absolute
motion. In this first part there are eleven chapters. The
second part (promised) is to contain applications of the
theory. Among the problems to be discussed is the problem
of Foucault's pendulum when the oscillations are not
infinitely small, and the problem of Foucault's. top,
which Gilbert was unable to solve (sur I'application de
la m^thode de Lagrange a divers problemes de mouvement
relatif). The two problems, our author states, can be easily

solved by the theory and formulas given in this first part.—Plane
cubics and irrational covariant cubics, by H. S. White.—The
paper considers cubics invariant under /a:;-/?'a/ transformation by
covariants (2, 2), and those invariant under complete transforma-
tion by covariants(3, 3). There remain for further treatment
the two sets of conies invariant under the third transformation

(2, 2), and invariant curves of order higher than the third {cf, the
author's paper in No. i). The new covariant cubics are
eight in number, all of the type called equianharmonics.—

A

purely geometric representation of all points in the projective
plane, by J. L. Coolidge. After some definitions, the writer
gives a representation of all points in a real line by lines in a
real plane, and then extends the representation so as to include
all points in a real plane, noticing in particular those systems of
lines which represent points on an imaginary line. He then
takes up the subject of chains of points, showing their applica-
tion to the general theory of projectivity. Finally, he glances
briefly at the system of lines which represent points on a real
conic, and concludes with remarks as to other possible solutions
of the problem and its extension to three dimensions.—The
decomposition of the general collineation of space into three
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skew reflections, by E. B. WiUon. The paper discusses the
question, " Is it possible to decompose the general collineations

of space into the product of a number of skew reflections ; and
if .so, what is the least number of skew reflections involved in

such a decomposition?"—A new method of determining the

differential parameters and invariants of quadratic differential

quantics, by H. Maschke, exhibits in a preliminary way a
symbolic method in close analogy with the symbolism used in

the algebraic theory of invariants, for the construction and
investigation of invariants of quadratic differeniial quantics.

—

On the extension of Delaunay's method in the lunar theory to

the general problem of planetary motion, by G. W. Hill, shows
that the tediousness of Delaunay's method disappears when the

greatest generality is given to the procedure.—Mr. J. E. Camp-
bell writes on the types of linear partial differential equations of

the second order in three independent variables which are

unaltered by the transformations of a continuous group.

Bulletin of the American Mathematical Society, June.

—

Prof. Cole furnishes an account of the Proceedings at the New
York April meeting of the Society, and abstracts several of the

papers read ; and Prof. Holgate performs a like office for the

April meeting of the Chicago section of the Society.—J. G.
Hagen gives a short sketch of the history of the extensions of
the calculus. The abstract is confined to those theories that

are in close relation to the infinitesimal calculus and the theory
of functions, and excludes geometrical methods and methods of
demonstration. To name one or two points discussed, they are

Cauchy's " Calcul des Residues," S^hell's " Quotial and In-

staural," the exponential function of higher order, the
logarithmic methods of Bergbohm and Oltramare, and the ex-

tension of the calculus of finite differences.—Reviews are given
ot Burnside's "Theory of Groups," by Dr. G. A. Miller; of
D'Ocagne's " Traite de Nomographic," by Prof. Morley; of
Barton's "Theory of Equations," by J. Maclay ; of Rice's

"Theory and Practice of Interpolation," by Prof. E. W. Brown;
of Von Braunmiihl's " History of Trigonometry," by Prof.

Cajori ; of M. Boyer's interesting " Histoire du Mathe-
matiques," by the same writer ; and of FrischauTs " Vorlesungen
uber Kreis- und Kugel-Functionen-Reihen," by W. B. Ford.

—

Varied information is supplied in the "Notes" and "New
Publications."

The numbers of the Journal of Botany for May, June, and
July are almost entirely occupied by articles descriptive of new
species, or relating to the geographical distribution of plants,

chiefly in the British Islands. Mr. H. N. Dixon records the

detection of an addition to British mosses in Amblystegium
compacium, and Mr. S. M. Macvicar an addition to British

Hepaticae, in Pellia neesiana.

SOCIETIES AND ACADEMIES.
London.

Chenriical' Society, June 21.— Prof. Thorpe, President, in

the chair. The following papers were read.—Researches on
morphine, I., by S. B. Schryver and F. H. Lees. Morphine
readily exchanges an alcoholic hydroxyl group for halogen,
yielding the bases chloromorphide, CnHjaO-jNCl, and bromo-
morphide ; when heated with water these substances give iso-

morphine, CnHiaOjN, and on reduction chloromorphine yields

desoxymorphine hydrochloride (Ci7Hi<,02N,HCl)2,3H20. These
four new bases are not narcotics.—On the oxime of mesox-
amide and some allied compounds, by M. A. Whiteley.
Nitrosyl chloride converts malonamide into the isonitroso-

derivative, CONH2.C(NOH).CONH2 ; nitrous acid converts

the latter into a pseudonitrole, CONH2.C(NO)(N02).CONH2,
and hydriodic acid reduces it to aminomalonamide,

CONH2.CH(NH2).CONH2,

—On dimethyldiacetylacetone, tetramethylpyrone and orcinol

derivatives from diacetylacetone, by J. N. Collie and B. D.
Steele. Disodiodimethylpyrone and methyl iodide react,

giving dimethyldiacetylacetone, C7H803(CH3)2, which is

converted into tetramethylpyrone, Q,^l\^0,^{Q,\i.^,2. by hydr-
iodic acid ; the residues from the preparation of dimethyl-
diacetylpyrone contain trimethylpyrone, CgHigOo, and an
orcinol derivative, CgHijOj.—Dehydracetic acid, "by J. N.
Collie. The author has succeeded in preparing dehydr-
acetic acid from triacetic lactone.—The decomposition of hydr-
oxyamidosulphates by copper sulphate, by E. Divers and T.
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Haga.—The degradation of glycolHc aldehyde, by H. J. H.

Fenton.—Notes on the chemistry of chlorophyll, by L. March-

lewski and C. A. Schunck.—A new series of pentamethylene

derivatives, I., by W. H. Perkin, jun., J. F. Thorpe and C.
/C(OC2H5)C02H

Walker. Ethoxycaronic acid,' C(Cn3)2\
|

, is

\CH.CO,H
obtained by treating ao'-dibromo-;8j3dimethyIglutarate with

alcoholic potash, and yields ajyw-dimethylsuccinic anhydride,

CMea.CO.
I

^O, with sulphuric aiid. Ethyl dibromodimethyl-

CH2-CO^
olutarate and sodiomalonic ether condense, yielding the sodio-

.C(COoEt).CNa.C02Et
derivative, CMeo<;

| I
; numerous deriva-

'\C(CO,,Et).CO
tives of this substance are described.—Experiments on the syn-

thesis of camphoric acid. III. The action of sodium and

mtthyl iodide on ethyl dimethylbutanetricarboxylate, by

\V. H. Perkin, jun., and J. F. Thorpe. Ethyl di-

methylbutanetricarboxylate is converted by sodium and methyl

iodide into a substance which possibly has the constitution

/CMe(C02Et) CO
CMe2<

I

\CH2(C02Et).CH2

which should be easily converted into a substance having the con-

stitution assigned by Bredt to camphoric acid ; the ester is

converted on reduction into an isomeride of camphanic acid.

—

The oxyphenoxy- and phenylenoxy-acetic acids, by W. Carter

and W. T. Lawrence.—The condensation of ethyl a-bromoiso-

butyrate with ethyl malonates and ethyl cyanacetates ; omethyl
o'-isobutylglutaric acid, by W. T. Lawrence. The author shows

that the following general equations hold :— (i) CNaRX.C02Et
+ CBrMe2.C02Et = CRX(COjEt).CMe2.C0.3Et + NaBr, when
the sodioderivative is solid, and (2) CNaRX.COaEt
-f CBrMe.,.C02Et=CRX(C02Et).CH3.CHMe.C02Et + NaBr,

when the sodio-compound is dissolved; R = H or an alkyl

group and X = .CN or .COaEt.—Methylisoamylsuccinic acid,

n , by W. T. Lawrence.—The estimation of furfural, by W.
Cormack. Furfural may be estimated by oxidising it to pyro-

mucic acid by standard ammoniacal silver oxide solution, filter-

ing off the reduced silver and titrating the silver left in solution.

—The constitution of hydrogen cyanide, by J. Wade.—
Inhibiting effect of etherification on substitution in phenols,

by H. E. Armstrong and E. W. Lewis. The substitution

of benzoyl, phenylsulphonyl, benzylsulphonyl, the radicle

C]oH,gO.SOo, of Reychler's camphorsulphonic acid, or picryl

for phenolic hydrogen in phenolparasulphonic acid renders the

substance inert towards bromine.—Bromination of oxyazo-com-

pounds, by H. E Armstrong and P. C. C. Isherwood.—Meta-

sulphonation of aniline, by H. E. Armstrong and W. Berry.

—

1
Phenylacetylchloramine and analogous compounds, by H. E.

Armstrong.—Benzylanilinesulphonic acids, by I. Smedley.

—

Benzeneorlhodisulphonic acid, by H. E. Armstrong and S. S.

iNapper.—An isomeride of furfurine, by J. P. Millington and

_\ H. Hibbert.—The mono- and di-acetyl and phenacetyl diethyl

tartrates, by J. McCrae and T. S. Patterson.

July 5.—Prof. Thorpe, president, in the chair.—The Nilson

Memorial Lecture was delivered by Prof. Otto Pettersson, of

Stockholm.

Entomological Society, June 6.—Mr. G. H. Verrall,

President, in the chair.— Mr. Hedworlh Foulkes, B.Sc, and

the Rev. H. C. Lang, M.D., were elected Fellows of the

Society.—Mr. G. H. Verrall exhibited a species of the genus

Ceratitis, MacLeay, apparently identical with Bigot's C.

freniiillattis from the Gold Coast (West Africa), and a very

handsome Trypetid reared from the fruit of Mtmusops caffra by

Mr. Claud Fuller at Durban, Natal.—Mr. C. O. Waterhouse
exhibited specimens of a Hemipteron, Aspongopus nepaletuis.

They are much sought after by the natives, who use them
for food pounded up and mixed with rice.—Mr. Merrifield

exhibited a number of pups; of Apo'ia crataegi, and called

I attention to the want of correspondence between the mark-
ings on the pupal and those on the imaginal wing. As might
be expected of an insect whose larva pupates by preference

on stems screened by foliage, its colour is not very greatly

aflfected by its surroundings ; on comparing some which had
had yellow or orange surroundings with others which had had
dark ones, it was shown that the former tended to yellow
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ground colour, and the latter to grey, having also an increase

of the dark spots with which the thorax and abdomen are

thickly strewn. He'also exhibited some enlarged coloured photo-

graphs of the green and dark pupal forms of Papilio machaon,
obtained by causing the larva; to pupate on green, yellow or

orange surfaces, and on dark ones respectively.— Sir G. F.

Hampson exhibited specimens of Oligostigtna araealis, from
Ceylon, where his correspondent, Mr. J. Pole, had met with a
swarm on an i.sland in a river which he estimated at 20,000 ;

when disturbed the buzz made by their wings was quite audible,

and after three waves of the net 236 specimens were bottled

from round its edges, the net still appearing quite full ; as, in

the some thirty specimens sent, the sexes were in almost even
proportions, this was not a case of male assemblage. He also ex-

hibited cleared wings, showing the neuration oi Diacrisia russula,

Tyria jacobaeae, Callintorpha hera and C. dominula, and con-

tended that the genus Callintorpha should therefore be removed
from the Arctiadae and placed in the Hypiidae where it is

closely allied to Nyctemara, Callarctta and other genera as the

fully developed proboscis, the non-pectinate antennae, the

smoother sealing, the more diurnal habit, and the larvae being

scantily clothed with hair all bore out the correctness of this

association.— Dr. Chapman exhibited a portion of a stem of

Ferula communis from He St. Marguerite, near Cannes, showing
burrows and pupa cases of Lozopera francillonana. A number
of vacant holes were also visible, being the exit of an ichneumon,
which affects a large majority of the Tortrix, believed to be
Chelonns manitiis, Nees.—Mr. F. Enock exhibited living

specimens of male and female Kanatra linearis, Linn., from

Epping, together with the peculiar forked eggs, which he had
observed laid by the Ranalra, as it rested upon the upper
surface of the leaf grasping the edges with its claws. The
short anterior legs are hel ' well up close together, in a line

with the body, the head raised about an inch from the leaf,

while the tip of the abdomen and ovipositor is pressed against

the leaf—a downward and forward movement being given.

The ovipositor is thus forced through the leaf, then partiaHy

withdrawn and the egg extruded and forced into the hole as far-

as the forked filaments, which prevent it from going right

through the leaf.—Mr. H. K. Donisthorpe exhibited cases of

Clythra quadripiinctata, specimens of Lomechu^a strttmosa,

with its host Formica sanguineo, sent by Father Wasmann
from Holland, the insects mounted in the position assumed by
the guest and host when the former is being fed by the latter.

He also showed Cossyphodes bewickii, Woll., a l)eetle from Cape
Colony, with the ants with which it is found

—

i'heidola viega-

cephala, var. pu/tctnlata, Mayr. — Mr. C J. Barrett exhibited two
females of Spilosoma mendica reared by Mr. J. E. Robson, of

Hartlepool, tinged with purplish-pink, and ordinary specimens
of the same for contrast.—A paper was communicated on life-

histories of the Hepialid group of Lepidoptera by Mr. Ambrose
Quail, and a note on the habits and structure of Acanthopsyche
opacella, H. Sch., by Dr. T. A. Chapman.

Zoological Society, June 19. — Prof. G. B. Howes,
F.R.S., Vice-President, in the chair.— Dr. W.ilter Ki<Jd read a
paper on the significance of the hair-slope in certain mammals,
in which reference was made to previous investigations into the

hair-slope on the extensor surface of the human forearm, and its

bearing upon Weissmann's doctrine of the non inheritance of

acquired characters. Details were given of further o-bservations

as to the hair-slope on the nasal and frontal regions of certun
mammals. The ordinary type and the exceptional type of slope

were described, and lists of animals conforming to the two types

were given. These results were held to l>e opposed to the

doctrines of Weissmann, and to be attributable to the habits of
theammalsinquestion.—Mr. F. E. Beddard, F.R.S., readapaper
on the anatomy of Bassaricyon alleni, based on an examination

of a specimen of this mammal which had recently died in the

Society's gardens. The result arrived at was that this genus was
clearly referable to the family Procyonidie, as had been usually

supposed, and allied, especially in external form, to Cercoleptes,

but distinguished by well-marked characters.—Mr. W. F.

Lanchester read the first part of a paper on a collection of

crustaceans made at Singapore and Malacca by himself and
Mr. F. P. Bedford. It contained a list of the Brachyura
comprised in the collection, some notes on the nature of the

collecting area, and on the habits of certain of the species,

together with descriptions of twelve new forms,—A communica-
tion was read from Dr. Einar Lonnberg, of Upsala, on the

structure and anatomy of the musk-ox {Or.'ibo^ moscliatus). It

62]
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contained an account of the development of the horns, descrip-

tions of the hoofs and skull, and a comparison between the skull

of the musk-ox and that of the Takin (Budorcas).—A communi-
cation was read from Mr. A. L. Butler, containing the descrip-

tion of a supposed new species of mountain-antelope from the

Malay Peninsula, for which the name Nemorhoedus swettenhami
was proposed.—The Society then adjourned till November next.

Mathematical Society, June 14.—Lord Kelvin, G.C.V.O.,
President, in the chair.—Three foreign members being present,

the chairman requested them to make communications to the
Society. This they did. Prof. Klein spoke on the continuation
of the edition of Gauss's collected works ; Prof. Darboux, " Sur
diifferents problemes relatifs aux transformations de I'espace et

aux deformations finis de la matiere et sur leurs rapports avec la

theorie des systemes triples orthogonaux "
; and Prof. Poincare,

*' Sur quelques theoremes relatifs a I'analysis situs et sur les

proprietes des poly^dres dans I'espace a plus de trois

dimensions."—Votes of thanks were passed to them by accla-

mation.—Prof. Stringham also made a few remarks on a proof
by non-Euclidian geometry of the form and directrix property
of a plane section of a cone.—Prof. Elliott, F.R.S., com-
municated some notes on the concomitants of binary quantics.

—

Lord Kelvin read the titles of the following papers which had
been received : Some multiform solutions of the partial differ-

ential equations of physical mathematics and their applications.

Ft. ii., by H. S. Carslaw ; Some quadrature formulae, by W. F.
Sheppard ; Extensions of the Riemann-Roch theorem in plane
geometry, by Dr. Macaulay ; On the invariants of a certain

differential expression connected with the theory of geodesies,
by J. E. Campbell ; On the transitive groups of degree « and
class «- I, by Prof. Burnside, F.R.S. ; The invariant syzygies

of lowest order for any number of quartics, by A. Young

;

Canonical reduction of bilinear forms, Pt. ii., by T. J.
Bromwich ; The energy function of a continuous medium, by
H. M. Macdonald ; Note on the representation of a circle by a
linear equation, by J. Griffiths.

Geological Society, June 20.—J. J. H. Teall, F.R.S.,
President, in the chair.—On the skeleton of a Theriodont
reptile from the Baviaans River (Cape Colony), by Prof. H. G.
Seeley, F.R.S. The fossil described in this paper was dis-

covered by Mr. W. Pringle at Ealdon, in the bed of the
Baviaans River, a tributary of the Great Fish River. It is

now preserved in the Albany Museum. The slab containing it

is of hard siliceous sandstone, and is 31 inches long by loinches
wide. It is split so as to expose a portion of the skull, the

vertebral column and ribs as far as the pelvis, the scapula, part

of the humerus, the femur, and parts of the tibia and fibula.

The tail and left hind-limb, and apparently part of the right

fore-limb, are lost, owing to the jointed condition of the rock.

The bones have decomposed, and are represented by natural

moulds from which a beautiful cast was obtained by means of a

jelly mould in the Geological Department of the Natural
History Museum, before the specimen was I'eturned to Grahams-
town. The remains indicate an animal about 2 feet long, exclu-

sive of the tail, and standing probably about 8 inches high ; it

was not more than 6 inches wide in the fore part of the body.
The animal was of great mobility, capable of easily bending
the body, and, by straightening the limbs, of occasionally raising

its height to 10 inches or more. It is a new type of Theriodont
reptile, contributing important facts to the osteology of the

group, and especially in regard to the natural association of the

bones. It is possibly to be included in the Cynodontia, from
which it differs in characters of the ilium, scapula, and skull.

—

Fossils in the Oxford University Museum (IV.): notes on
some undescribed trilobites, by H. H. Thomas. Two new
species of Dalniania from the Wenlock Shales and one of

Olenus from the Shineton Shales of Shropshire are described in

this paper. The specimens on which the first species of Dalniania
is founded were collected by the late Dr. Grindrod at Malvern
Tunnel. The species has a strong resemblance to certain varie-

ties of D. caudatus, especially those more nearly approaching
Z>. longicaudatus ; its nearest ally seems to be D. nexilis.

Among its characters are spines round the head, the height of

the head-shield, and the distance between the eyes. The type-

specimen of the second species came from the Wenlock Shale
of Builth. The Shineton specimen was presented to the Oxford
Museum by the Right Rev. Bishop Mitchinson.—On radiolaria

from the Upper Chalk at Coulsdon (Surrey), by W. Murton
Holmes. The radiolaria described in this paper were contained
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in the cavities of two small flints which were thrown out of the
new cutting between Coulsdon Station and the new Merstham
Tunnel on the L. B. & S. C. Railway. They were probably
derived from the zone of Holaster planus. After treatment with
hydrochloric acid, the material yielded silicified casts of for-

aminifera as well as radiolaria. The surface of the radiolaria is

so much altered by corrosion that specific identification is in

most cases impossible. Twenty genera ha\'e been recognised,
and the organisms appear to belong to forty-one species of these
genera. A list of the" radiolaria is given, accompanied by a
short description of each form, and four new species are de-
scribed. The Discoidea appear to have the predominance, and
the species of Dictyomitra come next in numerical order.—The
Society then adjourned until Wednesday, November 7.

Linnean Society, June 21.—Dr. A. Gunther, F.R.S., Vice-
President, in the chair.— Prof. M. Hartog exhibited and made
remarks on flowers of new ^^«///o«-seedlings, recently raised
by him, and pointed out the extreme variability shown in the
form of many of the leaves.—Dr. O. Stapf exhibited fruits of
various forms of Trapa from Europe, China and India, and
discussed the differentiation of the genus into species.—Mr.
Clement Reid, F.R.S., exhibited a series of plum-stones recently
found in a drain of the Roman baths, and in a rubbish pit, at

Silchester. The species identified were Cherry {Pruniis avium).
Damson (P. dotnestica), Bullace (P. insititia), Sloe {P. spinosa),

and Portuguese Laurel (P. Lauro-cerasus). Besides these,
there was a large variety of Plum, and a very small Sloe, the
species of which had not as yet been precisely determined.

—

On behalf of Dr. O. St. Brody, Mr. B. Daydon Jackson ex-
hibited a small series of British orchids dried by a new process,
by which the flexibility of the plant and the natural colours
were in a great measure retained.—Mr. R. Morton Middleton
exhibited several rush baskets, plaited ropes and dredgers made
from Kosikovia grandiflora. Hook. f. ; and a crab-catcher and
limpet-detacher made from Berberis ilicifolia, Forster, all used
by the Yahgans south of Beagle Channel, Tierra del Fuego.

—

Mr. F. Enock exhibited and made remarks upon some living

specimens of Ranatra linearis, Linn., together with their

curious eggs.—A paper by Miss Georgina Sweet, Melbourne,
was read, " On the Structure of the Spermiducal Glands and
associated parts in Australian Earthworms."—Dr. Charles
Chilton read a paper on the subterranean Amphipoda of the
British Islands, reviewing the known species of the genus
Gainmarus, and giving some account of the "Well-Shrimp"
and its distribution in England so far as he had been able to

determine it from specimens collected.—Dr. A. B. Rendle,
referring to his recently published " Revision of the genus
Najas" {Trans. Linn. Soc. 2nd Ser. , Bot. vol. v. Part 12), read
a supplementary paper on the same subject, in which he gave
additional information gained from a recent examination of
specimens in eleven Continental herbaria, particularly those at

Paris, Geneva, Vienna and Berlin.—The Society then adjourned
until Thursday, November i.

Dublin.

Royal Dublin Society, May 16.—The Earl of Rosse,

F.R.S., in the chair.—Mr. R. J. Moss read a paper on the
adhesive and other physical properties of copper preparations

used in potato spraying.—Dr. W. E. Adeney read a paper,

entitled "Studies in the analysis of fresh and salt waters,"

June 20.—Sir Howard Grubb, F.R.S., in the chair.—Mr.

J. A.Cunningham read a paper, entitled "A contribution to

the theory of the order of crystallisation of the minerals in-^

igneous rocks." The author discussed the theory recently pub-'

lished by Dr. J. Joly, F.R.S. {Sci. Proc. Roy. Dubl. Soc. vol. ix.

part 3, No. 20, p. 298), and then gave additional facts in

support of Bunsen's theory, that the order of melting points of

the minerals may be inverted by pressure. Mr. Cunningham
showed a rough method of arriving at the relative latent heats

of the minerals by means of their fusibilities ; and proceeded to

show how the latent heats might be determined by simple

chemical measurements. As an example, in the case of quartz,

the specific heats of quartz and amorphous silica are already

known, and by measuring the difference of the heats of solution

of the two substances in HF, the disengagement of heat in pass-

ing from the one form of SiOj to the other at any temperature is

known. Thus, assuming 1425° C. as the melting point of quartz,

the number 135 '3 was arrived at as a safe minimum for the

latent heat of quartz.—Prof. J. Joly, F.R.S., communicated a
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paper on the order of crystallisation of silicates in igneous

rocks. Referring to a previous communication, the author has

extended the observations of the viscous yield of quartz fibres to

a temperature of 735° C. Dealing with finely powdered rock-

crystal, it is found that this when wrapped in strong platinum

foil and exposed for twenty-four hours in a Bunsen flame, shows
unmistakable evidence of softening. The powder is loosely

caked, and although the great mass is apparently optically

unaltered, the particles which have been pressed against the

platinum have adhered and melted into blebs, which cannot be
removed by friction. Their examination is effected by a

vertical illuminator and high power. Finely powdered quartz

placed in the meldometer and exposed for four hours to

a temperature between 1085° C. and 1070° shows similar evi-

dence of fusion. Finely powdered olivine, augite, hornblende
and quartz exposed in the meldometer for two and a half hours
to a temperature between 1105° C. and 1080° reveal, on subse-

quent examination, that the evidence of fusion was conspicuously
more apparent in the case of quartz. The experiments were re-

peated in an atmosphere of COj. as coloration changes thought
to be due to oxidation appear on heating in the case of hornblende
and olivine. In CO.^ these changes still appear in less degree.

Results otherwise the same as before. The author urges that

these results support his view that the softening temperature of

the silicates will not be found discordant with the observed normal
order of solidification in igneous rocks, but will be found to

harmonise with Rosenbusch's law, the depression of the soften-

ing point in the scale of temperature being influenced by the

amount of silica in combination. On the legitimacy of recent

attempts to apply the thermodynamic expression connecting
dpjdt with change of volume in reversible systems, the author
points out that calculations based on the change of volume of

a crystallised silicate to its glass must give erroneous results,

and possibly widely erroneous results, seeing that the glass has
never existed in the magma at any time, but the crystal

was built up from the molecules diffused in the magma. The
withdrawal of the molecules from solution may probably have
given rise to a volume-change which cannot be ignored.

—

Mr. S. R. Bennett read a paper containing the results of

actinometric observations of the solar eclipse. By exposing an
actinometer at intervals of a few minutes throughout the after-

noon of the solar eclipse of May 28, it was found that the

actinic power of the sun's rays declined rapidly from 2h. 13m.
to 3h. 40m. and then increased more rapidly till 4h. 27m.
After this there was a regular decrease due to the approach of

evening. The exposure at 2h. 13m. was 50s., at 3h. 40m. it

was lois. , and 86s. at 4h. 27m. Curves were plotted to

represent these results as well as the corresponding ones
deducible from theoretical considerations. The curves repre-

senting the eclipse effect as found from observation and from
theory (on the assumption that the amount of light received
from the sun is proportional to the area of his disc exposed)
did not agree. That found from observation indicated a greater

amount of light received, in the ratio of- 2*3 to i'6 at 3h. 22m.,
the moment of greatest phase. No satisfactory explanation of
this incongruity was given.—Mr. Charles Martin read a paper
on heat-radiation observations made at Dunsink Observatory
during the eclipse of May 28.

Edinburgh.

Royal Society, June 18.—Dr. Burgess in the chair.—Prof.
Copeland and >Ir. Thomas Heath gave descriptions of the
preliminary work, the installation of instruments, and the
general character of the observations made by them at the
recent eclipse. Mr. Heath's communication gave a particular
account of the various operations undertaken in connection
with the 6-inch Cooke triple object-glass. This object-glass
was constructed so as to bring to one focus both the visual and
photographic rays. Tested by the most severe tests the instru-

ment was perfectly achromatic. Four photographs of the
corona were taken during totality on plates 8^ by 6^ inches.
Prof. Copeland manipulated the 40-foot telescope which has
already done duty on previous occasions. Mr. Frankland
Adams had charge of cameras for taking long exposure photo-
graphs, and in the working of these had the valuable assistance
of officers of H.M S. Theseus. The navigating officer supplied
them with time signals ; and by means ot beautiful maps, for

which they were indebted to the courtesy of the director of the
Madrid Observatory, they were able to determine with great

ease and accuracy the latitude and longitude of their station

near Santa Pola. The Spanish authorities did everything

possible to facilitate their operations ; and the members of the

expedition experienced nothing but kindness at the hands of the

people of the town. Photographs began to be taken 16 seconds

before totality, and were continued for 60 seconds after totality.

The first contact was observed by Prof. Copeland 10 "2 seconds

sooner than the time expected, there being a projecting mountain
ridge on the limb of the moon which first moved across the

sun's edge. The shadow bands which occur just before and
just after totality were observed by some of the men of the

Theseus on a vertical wall which had previously been coated

with plaster of Paris.—Dr. Buchan and Mr. Omond reported

to the Society the nature of the publication of the Ben Nevis
observations. For the satisfactory development of meteoro-

logical science it was necessary to publish the continuous daily

records, and not merely monthly or weekly means. This was
now being done with the Ben Nevis observations, both high-

level and low-level ; and when the work was completed the

meteorologist would be in a position to discuss many problems
of the greatest interest and importance. It would require three

volumes of the Society's Transactions to complete the publica-

tion of the observations on the scale that had been determined
upon. To meet the expense of publication, the Royal Society

of London had voted 500/. , and an equal grant had been voted

by the Royal Society of Edinburgh.

July 2.—Sir Arthur Mitchell, Vice-President, in the

chair.—In a paper on the craniology of the people of India,

Part ii, Sir William Turner, F.R.S., described the skulls of

the aboriginal hill tribes from the Central Provinces, Chiita,

Nagpur, and Orissa. Most of the specimens were in the

Indian Museum, Calcutta, but others were in the Anatomical
Museum of the University of Edinburgh. They belonged to

the so-called Kolarian and Dravidian groups of people. From
a comparison of skulls the conclusion was drawn which sup-

ported the view advocated by Mr. H. H. Risley from the

examination of living persons, that these groups did not differ

from each other in physical characters, and that they formed
a Dravidian type. A comparison was also made of the

Dravidian type of skull with the Australians and the Negritos

of the Andaman Islands. Skulls of the Uriya speaking people

of Orissa were also described, and the presence of dolicho-

cephalic and brachycephalic types, with skulls of intermediate or

mesaticephalic proportions, was shown to occur amongst them.

—Sir John Murray and Mr. F. P. PuUar communicated the

second part of their bathymetrical survey of the fresh-water

lochs of Scotland, in which they dealt with Lochs Chon, Ard,

Monteith, and Leven of the Forth drainage area, and with

Lochs Ericht and Garry in the Tay basin. These lochs differ

greatly in elevation, the extremes being : Monteith, 55 feet above

the sea; Ericht, 11 52 feet above the sea-level. Their areas

vary from 277 acres (Chon) to 4690 acres (Ericht). In this

most elevated of the larger lochs of Scotland there are two
depressions in which the depth exceeds 300 feet, the maximum
depth recorded being 512 feet. The deposits in the deeper

parts of all the six lochs consist of a dark brown mud contain-

ing much organic matter, but in some there is a second layer,

three to six inches beneath the upper layer, of a light brown
colour and greater consistency, containing less organic matter.

Numerous examples were given of the effect of the wind in

driving the warmer surface waters towards the leeward end or

side of a loch and in drawing up the colder and deeper layers

towards the windward end or side. The shallow lochs were

warmer in spring and summer than the deeper lochs, and con-

tained more pelagic life. In these discussions it was important

to bear in mind the fundamental difference between tempera-

ture and amount of heat. It was calculated that the larger

lochs with their much smaller change in temperature really

stored up more heat than the smaller lochs with their greater

change in temperature.—A note by Dr. R. Sydney Marsden
was read, drawing attention to a paper he had read in 1880

(see Proc. R.S.E., 1881), which contained an account of his

method for the artificial preparation of diamonds. M. Henri

Moissan, of Paris, described in 1893 ^ method for the prepara-

tion of adamantine carbon which differed from Dr. Marsden's

method in details which did not seem to be essential. The note

was a claim for priority in a matter in which the later experi-

menter was now getting all the credit in the eyes of the scientific

world.
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Paris.

Academy of Sciences, July 2.— M. Maurice Levy in the
chair.—Communication from M. Darboux concerning the In-

ternational Association of Academies (p. 249).— Permanent but
unequal heating by radiation of a wall of indefinite thickness re-

duced to the case of an analogous heating by contact, by M. J.
Boussinesq.—The combustible gases of the atmosphere ; the air

of woods and of mountains, by M. Armand Gautier. Following
up the experiments, previously described, made with the air of
Paris, air was examined in the middle of a pine wood, and on
the summit of a mountain away from all vegetation. The ratios

of carbon to hydrogen found in the three cases were 3 "5 for

Paris, 22 in the air of woods, and 0*33 in the mountain air,

the quantities of hydrocarbons per 100 litres of air expressed as
methane being22 6 c.c, ii"3 c.c.,and 2'2c.c. respectively. It

was also found that air taken at a high altitude, collected
in a place denuded as far as possible of animals, plants and
humus, is nearly entirely free from hydrocarbons, but still

contains about 2/io,ooo,oooths of its volume of free hydrogen.

—

Synthesis of aa-dimethyl-7-cyanotricarballylic ester and of the
corresponding acid, by MM. A. Haller and G. Blanc. Cyano-
succinic ethyl ester is heated with sodium ethylate and o-bromo-
isobutyric acid, and the resulting ester separated in the usual
way.—M. Zambaco was elected a correspondent for the Section
of Medicine and Surgery.— Occultation of Saturn of June 13
observed with the Brunner equatorial at the Observatory of
Lyons, by M. J. Guillaume.—Ona prerogative of the Gregorian
Calendar, by M. Joseph Lais.—On the method of Neumann
and the problem of Dirichlet, by M. A. Korn.—On the motion
of a wire in space, by M. G. Floquet.—On the propagation of
condensed waves in hot gases, by M. H. Le Chatelier.—On the
decomposition of harmonics by the ear, by M. F. Larroque.

—

On the thermo-electricity of some alloys, by M. Eniile Stein-
mann. Nickel steel containing 28 per cent, of nickel gave
an electromotive force against lead of 385 microvolts be-
tween 20° and 260° C.—On the true atomic weights
of ten elements deduced from recent works, by M. G. Hinrichs.
By applying the method previously described by the author to

some recent determinations of atomic weights, the latter are
made to appear as whole numbers exactly.—Attempt at a
general theory of acidity, by M, de Forcrand. The theory put
forward allows of the prediction of the acidity of a compound
containing hydrogen replaceable by a metal when the formula of
constitution is known ; and also of the heat of fusion when this

cannot be determined directly.—Addition of hydrogen to acetyl-

ene and ethylene in presence of finely divided platinum, by
MM. Paul Sabatier and J. B. Senderens. A mixture of
hydrogen and acetylene, the former being in excess, when passed
over platinum black reacts vigorously, ethane together with a
little ethylene being produced, the secondary products notice-

able with nickel being practically absent. With acetylene in ex-
cess, ethylene is the chief product, although ethane is still pro-
duced in notable quantities. Working at 180° instead of at

ordinary temperatures the reaction becomes more vigorous, but
the quantity of secondary condensation products increases.—On
the methoxy-hydratropic acid obtained by the oxidation of
anethol. Identity of phloretic acid and of hydropara-coumaric
acid, by M. J. Bougault.—Method for preparing synthetically

higher homologues of acetolacetic ester and acetylacetone, by
M. L. Bouveault. By the interaction of acetoacetic ether and
the fatty acid chlorides, the )3-ketonic ethers and /8-diketones are
easily obtained,—On the mode of formation of the compounds
[C2H2.(Cu2Cl2).KCl and Ci,H2[(Cu2Cl2)2KCI.], by M. Chavas-
telon.—On the metallic compounds of diazoamido-benzene, by
M. Louis Meunier.—Action of nitric acid upon trichlor-guaiacol,

by M. H. Cousin. The action of nitric acid upon the trichlor-

derivative is quite different from that of the tetrachlor- and
tetrabromo-derivatives as instead of the orthoquinones produced
in the latter case, a complicated condensation product is pro-

duced.—On the aloins, by M. E. Leger.—Solubility of cupric
chloride in organic solvents, by M. CEschner de Coninck.—On
the composition of the albumin of the seed of Gleditschia
triacanthos, by M. Maurice Goret. The reserve hydrocarbon
in this case is a mannogalactane ; hydrolysis yielding only a
mixture of mannose and galactose.—Hermaphroditism and par-

thenogenesis in the Echinoderms, by M. C. Figuer.—Study of the
digestive apparatus of Brachytrupes axhatinus, by M. L. Bordas.—Prehnite considered as a constitutive element of metamorphic
limestones, by M. A. Lacroix.—On the combinations of the
nucleins with metallic compounds, alkaloids and toxins, by M.
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H. Stassano.—The power of selective coloration by methylene
blue, possessed by living spore-bearing filaments oi Spirobaciilui
gigas, by M. A. Certes.—A preventive remedy against the
mannite disease of vines, by M. P. Carles,

Cape Town.
South African Philosophical Society, June 6.—L. Perin-

guey. President, in the chair.—Mr. W. L. Sclater exhibited a
series of photographs of birds and their nests taken by Mr.
R. H. Ivy, in the neighbourhood of Grahamstown.— Dr. J. D,
F. Gilchrist exhibited :—(i) A Gadoid fish, belonging to the
genus Haloporphyrus and probably a new species, found by the
Government steamer in trawling about 40 miles off Cape Town,
iri over 100 fathoms. (2) Four fishes showing luminous organs,
viz. : a MonoceiUris from shallow water, Mossel Bay ; an
Argyropelecus, a Paraliparis and a Scopelns from over 100
fathoms off the Cape Peninsula, probably all new species.

(3) A number of new Alcyonarians which have been procured
by the Government steamer and described by Prof. Hickson,
F.R.S. These included the nevi gewas, Acrophytzim claviger,

and three new species

—

Heteroxeina capensts, Sarcophytiwi
trochiforme, Gorgo7tia capensis. (4) Specimens of Veritillum
illustrating the difference in size of the fauna of the east and
west coasts of Africa, the eastern forms being larger than those
from the west coast. (5) A specimen of Agriopus torvus. (6)
A new species of Anchovy from East London, this being the
second species of the genus Engraulis discovered in South
African waters.—Dr. F. Purcell exhibited specimens of all the
known South African species of Peripatus, including, in addition
to the three previously described forms, four others recently
described by himself in the annals of the museum j making seven
in all. Dr. Purcell in his remarks on the genus maintained
that the supposed great antiquity of Peripatus was very doubtful,
depending as it did on the supposition that the tracheae of the

.

tracheate Arthropods could only have originated once, for it is

now known that true tracheae have originated independently in

at least three different ways, for instance, in two ways in spiders
and in a third way in insects. It would be reasonable to suppose,

i

therefore, that Peripatus may also have acquired its tracheae i

independently of those of the insects.
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THURSDAY, JULY 19, 1900.

THE RELATIONS BETWEEN ETHER AND
MA TTER.

'titer and Matter. By Joseph Larmor, Pp. xxviii +
365. (Cambridge University Press, 1900.)

THIS work is essentially the same as an essay to

which an Adams Prize was awarded by the Uni-
versity of Cambridge. The subject for which the prize

was offered was Aberration, and as this phenomenon,
together with the Doppler effect on the frequency of

light vibrations are the only ones known due to the

motion of matter through the ether (the spelling aether

is disagreeably cumbrous),'it naturally led to a discussion

of the connection between ether and matter, and the

effect of their relative motion on the phenomena of

electro-magnetism.

There is a good deal of similarity between the develop-

ment of this work and that of Maxwell's treatise. If one
reads Maxwell's papers, it is pretty evident that he began
with a somewhat definite hypothesis as to the nature of

the strains in the ether to which he attributed electro-

magnetic phenomena ; but in his treatise on electricity

and magnetism there is hardly a trace of all this

except in the reference to molecular vortices by
which he justifies his equations for wave-propagation
in magnetised media. In a similar way, Mr. Larmor
has published papers in which the relations between
ether and matter are developed in connection with
a suggestion as to the nature of an electron

which is only hinted at in the body of the present work
and is relegated to an appendix with some deprecatory
remarks as to its being merely an analogy to show that

the properties of an electron are not impossible. The
hypothetical structure attributed to an electron requires

the medium to possess a very remarkable property which
we do not find in matter, namely, an elastic reaction

against absolute rotation of its elements ; and although
Mr. Larmor shows that gyrostats connected with these

elements might confer such a property on them, he does
not go so far as to develop any very definite structure

for the medium, contenting himself with having shown
that such properties as he assumes are not necessarily

anti-dynamical. No structure for the medium that

depends on gyrostats supported by a rigid framework
can possibly be more than a rough working hypothesis,

being, in fact, very little better than the brass wheel and
india-rubber band, or tubes full of liquid with circulating

pumps, that have been suggested as models to show
that Maxwell's equations do not necessarily postulate

impossible or adynamical properties for the ether.

But just as Maxwell's treatise is really independent of
the dynamical analogies from which it grew, so Mr.
Larmor's work is really independent of his suggested
working analogy as to the structure of an electron. The
whole work is based upon the hypothesis that electricity

is atomic in its nature, there being only two kinds of
atoms, positive and negative electrons. These electrons
are, he supposes, essentially centres of strain in the ether,

and move from place to place in much the same way
as a drop of water might move through ice, melting in
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front and freezing up behind. Mr. Larmor leaves it for

future investigation to determine whether there is any
core, like that of a vortex ring, that accompanies this

complex strain wave as it moves through the ether. As
to the nature of matter, the only suggestion is that it

consists of clusters of electrons in orbital motion round

one another ; but as the dynamics of such a system has

never been worked out, it is impossible either to assert

or deny the possibility of a permanent existence of such

clusters. If this be the structure of matter, it certainly

makes it probable that the transmutation of the elements,

is a possible development of chemistry, while a structure

such as that of knotted vortices would make it improbable

that we would ever be able to untie them and thus

transmute one atom into another. There is the alterna-

tive possibility that we may find means of transmuting

elements within any one of their related groups, but that

we may find ourselves unable ever to transmute one

group into another. Of course, if we ever found out

some means of manufacturing electrons and matter we
could probably transmute one kind of matter into another,

though this latter might be possible according to Mr.

Larmor's hypothesis, while the manufacture of either

electrons or matter would be impossible.

All theories that explain electric currents by the

motion of electrons are really based upon Rowland's

classical experiment, that a moving electric charge pro-

duces the same magnetic effects as an electric current,

and its converse that the electric force due to changing

magnetic induction produces the same effect in moving
an electric charge that the electric force due to another

electric charge would produce, i.e. that electric force due

to these two causes is the same. Our whole treatment

of electro-magnetism is practically based upon these

same assumptions, but it is remarkable that so few

attempts have been made to repeat this fundamental

experiment of Rowland's, and no successful attempt

seems to have been made to directly verify its converse.

In a recent number of the Cot)iptes rendus there is an

account of a most interesting attempt to measure the

electric current that one would expect to be produced in

a surrounding coil when a convection current such as

Rowland studied is being started and stopped. M.
Cremieu has carried out an experiment on this with

great care, and in a form in which one would certainly

expect that the changing magnetic induction due to the

magnetic force Rowland observed should produce an

induced current in a coil of wire. He observed no such

effect, and concludes that there is no magnetic force

such as Rowland observed due to a moving electric

charge. These moving electric charges are, however,

in some respects, so imperfectly known that there

may yet be some difference between driving a current

by mechanical and electrical forces, and that it is

still possible there may be some other explanation

than that drawn by M. Cremieu as the result

of his interesting and important experiment. Mr.

Larmor's investigations in this treatise of the effects

of moving matter hardly touch the question raised by

M. Cremieu, for his investigation is concerned with

steady states, while M. Cremieu's experiment is essenti-

ally concerned with variable ones. If he is right and

there is really no magnetic force due to a moving electric

N
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charge, and if consequently we must look to some other,

possibly accidental, cause for Rowland's observation, it

will certainly revolutionise the whole modern treatment

of electro-magnetism. The question raised by this ex-

periment is, any way, one of the most fundamental ones

in the connection between ether and matter, and it is to

be hoped that this question will be settled soon in a

conclusive way, either by showing that M. Cremieu's

conclusion is not justified by his observation that his ex-

periment really confirms a complete theory, or by over-

throwing all our existing views, and leaving a free field

for the twentieth century to build a new theory of

electro-magnetism on a firmer foundation.

In discussing the result of Michelson and Morley's

experiments, from which they concluded that the ether

is carried along by the earth in its motion, Mr. Larmor
shows that such a hypothesis is quite inconsistent

with the fact of aberration and with the unten-

ability of Sir George Stokes's suggestion that ether is

like a very soft jelly. How such a soft material could be

the means by which tramcars are driven by shearing

stresses seems an additional difficulty in the way of this

suggestion. Mr. Larmor concludes that the stone sup-

port on which the mirrors were borne changed in its

dimensions, as it was rotated, by an amount proportional

to the square of the ratio of its velocity to the velocity of

light, and he justifies this by showing that if matter con-

sists of clusters of electrons, just such a change of

dimensions would take place as the experiment shows to

take place. There is some difficulty in the hypothesis

that the inertia of matter, or any large part of it, is like

that of electrons and due to the motion of the neigh-

bouring ether, because this involves the supposition that

the inertia would change with the distance between the

component electrons. That there may be some very

minute eflfect of this kind is quite possible, though as yet

undiscovered, but that any large effect of the kind exists

seems extremely improbable. Possibly a careful study

of the accuracy of Kepler's laws as applied to the solar

system might show some discrepancy depending on a
difference between the average distance of the electrons

in such different materials as probably constitute

Neptune and Mercury.

A previous question to all our explanations of pheno-
mena by analytical dynamics is raised by Mr. Larmor in

Appendix B, " On the Scope of Mechanical Explanation :

and on the Idea of Force." He has utilised the principle

of least action throughout his work, and this appendix is

a justification of his doing so, and besides raises questions

as to the applicability of dynamical explanation to the

growth and decay of vital organisms. Hertz objected to

the adequacy of the principle of least action as a complete

solution of all possible dynamical systems, because it is

not generally applicable when rolling takes place, and we
cannot be sure that rolling may not be one of the funda-

mental facts of the dynamics of the ether. Mr. Larmor
dismisses this objection on the doubtful ground that
'^ rolling is foreign to molecular dynamics." Hertz had
also objected to the principle of least action for the

semi-metaphysical reason that it makes the present state

of the system depend on the future as well as on the

past. As Mr. Larmor himself uses in his work the

vector potential which makes the state at each place
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depend on what is simultaneously occurring at all parts

of the universe, he naturally finds no objection to the

principle of least action, because it makes the present de-

pend on all future time. Neither of these methods is

unobjectionable ; each is an analytical juggle, which has
to be most carefully guarded lest it lead us into mistakes.

The way in which the vector potential apparently locates

the energy in the current instead of in the magnetic field

outside it is a most serious objection to its use, although

Mr. Larmor seems to have steered clear of the difficulties

raised by this curious complication. In a similar way the

principle of least action is open to the objection of Hertz;

of making the present apparently depend on the future

to an extent that does not apply to his own principle of

the straightest path. It is a question for consideration in

connection with Mr. Larmor's discussion on the applic-

ability of dynamics to vital phenomena whether the

possibility of determining our actions by considerations

as to the future is not connected with the possibility of

analytically expressing the dynamics of the present by a

formula which involves the future.

It will, from this meagre review, be evident that Mr.

Larmor's treatise raises most fundamental and interesting

questions, and is one that all who desire to strengthen the

foundations of our knowledge of nature should carefully

study. Geo. Fras. FitzGerald.

LAND RECLAMATION.
The Reclamation of Land from Tidal Waters. By
Alexander Beazeley, M.Instit.C.E. Pp. xii + 314.

(London : Crosby Lockwood and Son, 1900 )

THE area of this country is gradually diminishing by

the continual waste that is going on all round the

coast. On the Yorkshire coast it is estimated that two

miles have disappeared since the Roman occupation ; and

more modern records show that towns and villages have

disappeared with their houses and churches, and in some
cases the whole parish has been washed away. Along

the Norfolk coast the only record of several villages is^

" washed away by the sea "
; and on the Kentish coast,,

churches and houses have fallen down the cliffs, or»

which are to be seen the bones formerly deposited in a
|

vanishing churchyard. On the south coast, although !

the chalk cliffs at the east end of the English Channel

are subject to continual falls and slips, more care has

been taken to protect them ; but along the clay cliffs of

Dorsetshire the waste is continuous ; here twenty acres

slipped down seaward in one night from the cliffs at

Axminster. On the west coast, the nets of the fishermea

are said to become occasionally entangled with the ruins

of houses and buildings buried in the sea some distance

from the coast off Blackpool.

As some compensation for all this loss due to the

ever-continuous operations of nature, the energy of ma»
has succeeded in reclaiming and recovering a large

area of rich cultivatable land in estuaries where rivers

have discharged great quantities of detritus picked up

along their course. At no time in the history of

this country were reclamations carried on to a greater

extent than in the time of the Romans, and this is the

more remarkable as, compared with the population at

that time, land must have been plentiful. It was during
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I'.is era that the great tract of low land lying on the

ist of England was reclaimed from the sea by the con-

iUuction of 50 miles of sea-banks, and the 60,000 acres

in the district known as Romney Marsh was protected

from the sea by a bank 4 miles long and 20 feet high.

From the time of the Romans to the Stuart period very

little seems to have been attempted in this way, but at

that time there are records of innumerable grants made
to " undertakers " and " adventurers " who undertook to

reclaim the low lands in the Isle of Axholme, Haxey
Chase and the Fens of Lincolnshire and Cambridgeshire,

and other parts of the country, in return for a certain

proportion of the land reclaimed. Another revival took

place during the present century at the time when
agriculture was prosperous, and land-owners were
tempted, by the high rents then paid, to reclaim from the

sea numerous intakes of salt marshes by the construction

of sea banks in the estuaries of the Humber, the Wash,
the Thames, the Severn and other rivers. Since rents

have fallen and land-ownqrs have become impoverished

by the low rents, and the heavy charges thrown on estates

by the payment of the death duties, little or no in-

closing has taken place. Land, however, shows signs of

recovering something of its former value. The appear-

ance, therefore, of a book dealing with the reclamation

of land from tidal waters may be considered as

opportune.

The only standard English book on this subject is that

of the late Mr. John Wiggins on the " Practice of Em-
banking Lands from the Sea," which is now out of print.

Instead of publishing a new edition with the extensive

alterations of the text that would be required to bring

this work up to date, the author of the book now under
review was invited by the publishers to undertake the

preparation of a new treatise, in which all that was ap-

plicable to modern practice in Mr. Wiggins' book has

been incorporated.

The author has carried out his task efficiently and
well, and his book contains a large amount of informa-

tion that will be of great service to engineers, and also to

landed proprietors and others interested in works of

reclamation.

The book makes no pretensions to originality

;

on the contrary, it may be regarded as an epitome

of the information and opinions contained in a vast

number of papers contained in the Minutes of Pro-

ceedings of the Institution of Civil Engineers and the

papers of allied societies, and in the works of authors on

drainage and Fen history.

A careful perusal of a book of this character, and the

principles laid down that should be observed in the re-

clamation of land, might have saved the expenditure of

many thousands of pounds on schemes that never came
to maturity or have proved financially disastrous. Of
these, as examples, may be quoted the great scheme that

was at one time entertained, and still has advocates, for

the formation of a new county in the Wash, by the en-

closure of the sands ; an ofifshoot of which was the abor-

tive scheme of Sir John Rennie for reclaiming 30,000

acres, the greater part of which was bare sands, which
experience has since proved would have been utterly un-
fit for cultivation ; and the Norfolk Estuary Scheme,
which received parliamentary sanction in 1846 to reclaim
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30,000 acres submerged at high water, and of which up to

the present time, after an expenditure of nearly 400,000/.,

there has only been reclaimed 2000 acres of marsh land
adjacent to the coast, a great part of which formed the

bed of the diverted river. In this case, great benefit has
resulted to the drainage of the country by a new direct

cut made for the outfall of the river Ouse ; but as a land
reclamation scheme, it has been a most disastrous failure,

owing to the misconception of the promoters as to the

action of the sea in forming deposit on the coast, and of

the difficulties attending the construction of sea banks.
Mr. Beazeley's book is divided into nine chapters, deal-

ing respectively with : (i) General observations
; (2) the

site for a bank
; (3) the construction of sea banks

; (4)

the drainage of the land reclaimed
; (5) maintenance and

repair of sea banks ; (6) warping land
; (7) cultivation

after enclosure
; (8) examples of reclamation, value and

rents
; (9) legal requirements ; the text being accompanied

by numerous illustrations.

THE MAMMALIAN BRAIN.
Handbuch der Anatomie und vergleichenden Anatomie

des Centralnervensystems der Sdugetiere. Von Dr.
Edw. Flatau und Dr. L. Jacobsohn. I. Makro-
skopischer Teil, mit 126 Abbildungen im Text, und 22
Abbildungen auf 7 Tafeln. Pp. xvi + 578. (Berlin:
Verlag von S. Karger, 1899.)

THE handsome volume before us is a welcome
addition to works on the comparative anatomy of

the mammalian brain. That the literature of this subject

is already vast, may be gathered from the fact that nearly

300 papers are quoted at the end of the volume—this list

forming indeed a most useful bibliography. So numerous
and scattered are these various works, that only those

students who have access to very complete libraries can

hope to be able to consult the majority of them, and we
have long felt the want of a trustworthy account of the

structure of the brains of the various orders of mammalia
in a more handy form. This want is to a great extent

satisfied by the work of Drs. Flatau and Jacobsohn,

which is rather of the nature of an original contribution

than of a text-book. For it is no mere compilation ;

but, on the contrary, almost entirely consists of the

description of brains studied by the authors themselves

in Prof. Waldeyer's Anatomical Institute in Berlin.

With admirable care the authors describe the structure

of the central nervous system of representative examples

of all the living orders of mammalia. To give the

reader some idea of the thoroughness of their method,

one may mention that in the case of the brain of the

Chimpanzee, for example, we find paragraphs on the brain

weight, the relation of the brain to the skull, the general

shape and measurements of the brain, followed by detailed

accounts of the convolutions of the cerebral hemispheres,

the structure of the corpus callosum, fornix, &c., of the

Diencephalon, Mesencephalon, Metencephalon, Myelen-

cephalon, and Medulla spinalis. Naturally the types of

all the orders are not treated in quite as much detail as

the Chimpanzee. At the end of the chapter on monkeys

and apes are elaborate tabular statements of the authors'

observations compared with those of previous writers on

the subject. Throughout, the text is illustrated by excel-

lent figures, almost all of which are original. The general
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reader will be especially attracted by the ingenious re-

presentations of the brain drawn inside the skull as if

seen by transparency, and by the really beautiful series

of plates at the end of the volume.

The work is essentially a technical and a practical one.

Nevertheless, a final chapter is devoted to a general

summary and conclusions. Here Drs. Flatau and Jacob-

sohn aim, not at bringing forth sensational results, but

soberly review such general conclusions as may safely be

drawn at present. These, it must be confessed, are

somewhat disappointing, not, be it understood, through

any fault of the authors, but owing to the inherent

difficulties and complications of the subject, and the

comparatively few data yet at our disposal.

As to the attempt to homologise the fissures of the

cerebral hemispheres with one another in the various

orders of mammalia, Drs. Flatau and Jacobsohn freely

adopt Gegenbaur's conclusion, that this can only be done
to a very limited extent. In most of the orders we
generally find some small and lowly organised forms with

almost smooth brains ; and it must always be borne in

mind that the fissures and convolutions may to a great

extent have been independently developed in each group.

Of the usefulness of this volume there can be no doubt,

and the appearance of the continuation of the work will

be awaited with interest by all workers in the subject

of brain anatomy.

OUR BOOK SHELF.
The Origin of the British Flora. By Clement ReiJ,
F.R.S., F.L.S., F.G.S. Pp. vii + 191. (London : Dulau
and Co., 1899.)

This is a useful contribution to the literature of geo-
graphical botany ; but it is unfortunate that the author
has given it the ambitious title of " Origin of the British

Flora." Any one entering upon the perusal of the book
with the expectation engendered by its title will soon
meet with disappointment, but must not be blinded
thereby to its real merit, which is great, and consists in

the historical records, to which two-thirds of it are de-

voted. The book is essentially a geologist's account of

the palasontological evidence of the distribution of plants

in Britain during recent geological periods. Every one
will agree with the author in thinking that the historical

method is the proper one for determining questions of
origin, but that the " problem of the origin of our flora is

one which can be solved by this method" is surely a
sanguine forecast on his part, even allowing for the fact

that the flora of our Tertiary deposits has not been
worked out yet with much completeness ; his work is

emphatic testimony to the fragmentary character of his-

torical evidence in relation to the British flora that has
been obtained up to the present time. In his " Table
showing the Range in Time of the British Flora," which
includes the names of species, remains of which have
been found in deposits of pre-Glacial age onwards, there

are not three hundred names, and of these not all have as

yet been found in deposits within the present area of
Britain ; and, moreover, the finds do not touch elements
of the flora which have always been a crux in explana-
tions of its origin. The first fifty pages of the book deal,

in the slight manner of the magazine article rather than
in the detail of a scientific treatise, with some of the
problems of the origin of the present British flora. The
author is on the side of those who attribute a mor€ im-
portant influence to air-transport than to land-connection
as a factor in the making of our existing flora. The
Watson-Forbes hypothesis is, in a few sentences, put
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on one side, and a short chapter is devoted to an
account of the transport-mechanism observable in the
species of the flora. In Chapter iv. we have an account
of the author's idea of the geographical and climatic
changes affecting Britain in the late Tertiary times ; the
former, the author thinks, " were of no very great im-
portance as bearing on the past history of our flora,"

although they " must have tended greatly to modify local

conditions, and must have sometimes aided, sometimes
have hindered, the dispersal of the seeds "

; the latter have
left their mark on the flora ; but at the same time
" Britain shows signs of a geographical distribution of
plants largely independent of that due to climate ; or
perhaps we should say not governed by existing climatic
conditions." It is not, however, these brief earlier chap-
ters which give value to the book, but the later ones,
containing accounts of the deposits in which recent plants
have been found and of the positions of these plants.

A Manual of Marine Meteorology for Apprentices and
Officers of the World's Merchant Navies. By William
Allingham. Pp. viii -f 182, and plates. (London :

Charles Griffin and Co., Ltd., 1900.)

We gladly give a word of welcome to this little book,
written as it is by a sailor with the view of winning an
increase of interest in the subject of meteorology from
members of his own profession. The author knows well

those for whom he is writing, so that while he has kept
his book free from pedantry, he has managed to fill it

with practical information and to endow it with the spirit

of earnest purpose. The encouragement of a more com-
plete survey of the complicated phenomena manifested,
not only in our atmosphere, but in the ocean itself, is

highly commendable, and we should imagine the author
well qualified by knowledge and experience to interest

the class to whom he mainly addresses himself. For he
has sailed every ocean in all sorts of weather, and having
himself to some extent profited by the systematised ex-
perience of others, he seeks now to widen and complete
the circle of observation, so that those who come after

may have still more trustworthy sources of guidance and
readier means for escaping the perilous qhances of
navigation.

Of course, in many respects marine meteorology goes
hand in hand with meteorological inquiries conducted on
shore. We may pass over all such details, since the real

interest of the book is more closely connected with the
practical questions which arise at sea. Among these we
may enumerate wave-motion, salinity and temperature of

the sea, the direction and velocity of ocean currents, and
the construction and use of pilot charts. Such subjects
ought to have a profound interest for an intelligent officer,

and the method of treatment is likely to call forth the
earnest attention of any one who wishes to become really

efficient. Some of these subjects may be thought to be-

long rather to hydrography than to meteorology ; while,

again, questions connected with the behaviour of the wind
in cyclones, and of the management of the ship in the

neighbourhood of cyclonic disturbances, may be said to

belong to the domain of seamanship or practical navi-

gation. But there is no fixed line of demarcation between
any of these subjects, and trained intelligence is of the

greatest service in advancing our knowledge of subjects

in which experiment and generalisation play a great part.

One can easily conceive that enormous advantages would
accrue to science by enlisting the services of a large army
of observers, and therefore we welcome any well-con-

sidered effort which has for its end so worthy an object.

The author knows perfectly well that it is impossible to

do justice, within a moderate compass, to the many
topics on which he touches ; but his object is served, and
well served, if he can arouse an active interest in the

many, and induce a few to prosecute inquiries on a more
comprehensive basis.
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LETTERS TO THE EDITOR.
[ The Editi^r does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond 7vith the writers of, rejected

.^mannscripts intended for this or any other part of NaI UKK.
\f^o notice is taken of anonymous commtinications.^

A Surface-tension Experiment.

Sans rien vouloir enlever a Tinteret de I'experience d'hydro-
dynamique signalee par Mr. Baker (p. 196), je crois pouvoir
dire qu'elle n'est pas nouvelle, au moins, en tant que
phenomene.

Ces sortes de formations de " vasques " liquides etaient tres

usitees, dans les jardins au XVIIeme siecleetnous en rencontrons
encore aujourd'hui des exemples dans les pares oil le regime
des eaux n'a pas change depuis cette epoque. Pour n'en citer

qu'un. que connaissent sans doute beaucoup de vos lecteurs. je

rappelerai qu' a Burgos le " paseo del Espalon viejo" possede
une fontaine 011 Ton peut voir une belle realisation de cette ex-

perience. Seulement, la le jet d'eau est dirige de bas en haut
et vient se briser sur un disque place horizontalement au dessus
de lui ; puis retombant, il forme autour du tuyau la surface

t'ernue si elegante decrite par M. Baker.

Je crois me souvenir que dans un ouvrage public en 1663 a
Nuremberg par George Andre Boeckler sous le titre " Archi-
tecturacuriosanova," ily a de nombreuses planches representant

des jets d'eau d'etfets tres varies. Peut etre la forme signalee

par Mr. Baker s'y trouve-t-elle ?

11 serait interessant de le verifier, comme aussi de chercher la

figure malhematique de cette surface fermee.

Henry Bourget,
de rUniversite de Toulouse.

Duration of Totality of Solar Eclipses at Greenwich.
In Nature (vol. Ixii. p. 64 and p. 86) will be founJ an

estimate of the maximum duration of totality for a solar eclipse

under the most favourable conditions, the result being 7m. 40s
for a place in norih latitude 4° 52'. For Greenwich I estimate
the maximum duration at 5m. 47s. There is good evidence for

believing that the "Nautical Almanac " diameter of the mo<m,
used in computing eclipses, is too large. It is almost exactly

2160 miles, and should be reduced probably to 2158 miles. This
reduction would alter the above estimates to 7m. 34s. and
5m. 42s. respectively. That all the conditions necessary to

produce the maximum totality of 5m. 42s. will ever be simul-
taneously satisfied for Greenwich is extremely improbable.

Leeds, July 14. Chas. T. Whit.mell.

THE NEIV YORK MEETING OF THE
AMERICAN ASSOCIATION.

A T the forty-ninth meeting of the American Associa-
-^*- tion for the Advancement of Science, which was
held on June 23-30, at Columbia University, New York
City, two experiments were tried. The one was a change
of date and the other a somewhat radical change in the
character of the meeting. Heretofore, it may be remem-
bered, the American .Association has met at about the
third week in August, approximately at the saine time as
the meeting of the British Association. The long
summer vacation of the American colleges and uni-
versities usually lasts from about the end of June until

nearly the beginning of October, It therefore resulted
that men engaged in educational work were obliged to

interrupt their sumriiers at the seaside or the mountains,
to attend the Association meetings. This has been found
to be very inconvenient to many on account of the long
distances in the States and the widely separated places
of meeting. The present year was thought to be a
particularly favourable one in which to try a change of
date, since many members expected to start for Europe
after the close of their college terms, and New York, as
the principal port of debarkation, was chosen as the place
of meeting for much the same reason.
The other experiment was in the doing away, to a large

extent, with the social features and entertainments which
had characterised previous meetings. It was distinctly
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understood that no entertainment fund would be raised in

New York, and that the Association would pay its own
expenses. It was, therefore, a more distinctively

working scientific meeting than has been held before.

The attendance was not large, and only 450 members
registered. Fifteen affiliated societies held their meetings
at the same time, including several which have heretofore

not affiliated themselves with the older society. These
were the American Mathematical Society, the .American
Physical Society, and the American Psychological

Association. The other societies in attendance were
the American Forestry Association, the Geological
Society of America, the American Chemical Society,

the Society for the Promotion of Agricultural Science,

the Association of Economic Entomologists, the

Botanical Society of America, the Society for the Pro-

motion of Engineering, Education, the American Folk-
Lore Society, and the American Microscopical Society.

The session was opened by the retiring President,

Mr. G. K. Gilbert, who was elected at the December
meeting of the Council to fill the vacancy caused by the

death of Dr. Edward Orton last autumn. Mr. Gilbert

introduced the incoming President, Prof. R. S. Woodward,
of Columbia University, who thereafter presided over all

the general sessions of the Association. A cordial and
eloquent address of welcome was made by Mr. Seth Low,
President of Columbia University ; and Mr. James Wilson,
the Secretary of Agriculture in President McKinley's
Cabinet, upon being invited to address the Association,

made a strong plea for applied science. On Tuesday
afternoon the addresses of five of the Vice-Presidents were
given, the other four being postponed until next year.

Vice-President Asaph Hall,junr., addressed the Section

of Mathematics and Astronomy on the teaching of astro-

nomy in the United States. Prof. Hall urged that

elementary astronomy should be taught in the high
schools and preparatory schools as well as in the

colleges. Elementary astronomy he defines as meaning
such part of the science as can be learned by an intelli-

gent student without mathematical training. He advo-

cated the study of the history of astronomy as a culture

study in the colleges, showing that the earliest religious

festivals depended upon astronomical observations. An
interesting feature of this historical side would be the

philosophical study of the different theories of the

universe. He advocated the more general teaching of

spherical astronomy and the elements of celestial

mechanics, and showed that during the past twenty years

great advances in astronomical teaching have been made
in the States. In his opinion the best equipped observ-

atory for teaching purposes is at Princeton, and the theses

in practical astronomy produced in America compare
favourably with those presented in Germany and France.

Vice-President Merritt addressed the Section on
Physics on the subject of " Kathode Rays and some
Related Phenomena," referring to the various views

which have been advanced concerning the nature of the

kathode rays, and the general adoption of the Crookes'

theory of electrified particles. He gave an account of

the progress made during the last ten years, and dis-

cussed recent experiments concerning the size of the ray

particles and the speed at which they travel. Minor
difficulties in the present theory were pointed out, and
the probable direction of further progress was indicated.

Lantern views were shown illustrating various vacuum
tube phenomena related to kathode rays.

The address of Vice-President Howe before the Section

of Chemistry was on the subject, " The Eighth Group of

the Periodic System and some of its Problems." It was
pointed out that in the early work of Newlands and
of Mendeleeff, which subsequently developed into the

periodic law, a serious difficulty was met with in dealing

with iron, cobalt, nickel, and the metals of the platinum

group.
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In his first summing up of the principles of the periodic

law in 1869, Mendeleeff concludes that "elements which
are similar as regards their chemical properties have
atomic weights which are either of nearly the same value

{e.g. platinum, iridium, osmium) or which increase regu-

larly {e.g. potassium, rubidium, caesium)." So in most
schemes for representing the periodic system, each trip-

let of these elements is considered as a single element,

and because even then they do not seem to fall into

regular periodic arrangement, they are cast.out, Ishmael-

like, into an anomalous eighth group. This is doubtless

the reason they have been relatively so much neglected

by chemists, and possibly it is not incorrect to say that

the chemistry of these metals is less known than that of

any other group of well characterised elements. Yet
there are certainly no nine nearly related elements which
present so many interesting chemical problems, the solu-

tion of which will so much further our knowledge of

chemistry in general. Prof. Howe dealt in detail with
this eighth group and some of its many problems.
The ordinary division of these nine metals is into three

groups, viz., the common metals, iron, cobalt and nickel,

with an atomic weight of from 56 to 59 and a specific

gravity of 7*8 to 89; the lighter platinum metals,

ruthenium, rhodium and palladium, with an atomic
weight ior5 to io6'5 and a specific gravity of about 12

;

and the heavy platinum metals, osmium, iridium and
platinum, of atomic weight 191 to 195 and specific gravity

2r5 to 22*5. These nine metals are held to fulfil every
definition ofan element, and are just as much to be looked
upon as simple elementary substances as any of those
substances which are called elements. Though refined

determinations may change, to a slight extent, the atomic
weights of some of these elements, especially those of
ruthenium and osmium, the weights of these elements
relative to each other, and hence their position in the

periodic system, will probably remain unchanged. This
carries with it the conclusion that in the periodic ta'ble

an element may have an atomic weight slightly lower
than that of the element which precedes it.

Reference was made to the natural grouping of the

elements of the eighth group into three triplets, iron,

ruthenium, osmium ; cobalt, rhodium, iridium ; and
nickel, palladium, platinum. That this is a natural

grouping is attested by a comparison of the compounds
of these metals. However, in considering now some of

these compounds, the evidence of this grouping is only
incidentally presented ; Prof. Howe directed attention

to some of the more unusual of these compounds, especi-

ally with reference to problems which this group presents,

and to problems of other groups, suggested by the

chemistry of this group.

Vice-President Kemp, before the Section of Geology
and Geography, spoke upon the " Pre-Cambrian Sedi-

ments in the Adirondacks." He showed that the Adiron-
dack area of ancient crystallines in Northern New York
covers about 12,000 square miles. It has long been
known that in the gneisses and eruptive rocks which con-
stitute it, crystalline limestones of undoubted sedimentary
origin occur in many places. The address presented the

results of the work of the last ten years upon these sedi-

ments. It has been recently learned that ancient sand-
stones are also present, and many gneisses, which are

doubtless altered shales. The crystalline limestones are

in greatest individual areas in the north-west, where the

belts have been shown to be from twenty to thirty-five

miles long and from two to six miles broad ; but they
are most numerous on the east, where the speaker has
now located over fifty different localities of relatively thin

beds. In their structural relations these narrow beds on
the east are interstratified with the gneisses, and are
more especially associated with fragmental sediments.
From these relations the argument is drawn that the

sediments were extensive, that they involved more lime-
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stone on the west and more sandstone and shale on the
east, and that many gneisses represent former shales. It

was further shown that these strata are profoundly meta-
morphosed, and in such a way that the changes must
have been produced while the rocks were under a heavy
over-lying load, and were deeply buried. Evidence was
brought forward to prove that this burden consisted of
pre-Cambrian rocks. The speaker said that, inasmuch as
there are abundant eruptive rocks present of a coarsely
crystalline type, which were likewise produced under
deep-seated conditions," it is assumed that they represent
the deeper rocks of an old and very extensive volcanic
area, whose tufas and lavas built up the burden of pre-
Cambrian rocks, which have now disappeared, and which
made possible the metamorphosis of the ancient
sediments.

Vice-President Trelease, before the Section of Botany,
delivered an address under the title, " Some Twentieth*
Century Problems," passing in review the great utili-

tarian development of botanical science during the
present century, and indicating its probable greater
advancement along utilitarian lines during the next
hundred years. He made a general statement of the
great problems to be met and solved, and considered in^

detail the necessity and means of co-operation in the
treatment of species and their nomenclature, and ia
details of publication which are becoming daily of more
evident importance for the greatest possible advancement
of science. In conclusion he made a strong plea for the-

establishment of a Government Reservation in the Red-
wood {Sequoyta sempeivirens) Forests in California, not
only as a means of preserving a forest growth which can
never be reproduced, but as furnishing the means of
solving many problems closely connecting biology and
meteorology, which may ultimately be of the greatest
economic utility.

The address of the retiring President, Mr. G. K.
Gilbert, was delivered on Tuesday evening at the
American Museum of Natural History. His subject was-
" Rhythms and Geologic Time." This address appears-
in another part of the present number of Nature.
The programmes of the sectional meetings were very-

full, and the discussions in the sections of mathematics
and astronomy, physics, chemistry and botany were
especially animated and prolonged.

Several important matters were decided upon by the
Council. Perhaps that of the greatest general interest

to members of the Association was the decision to try

the experiment during the year beginning January i,.

1901, of publishing all official notices and proceedings of
the Association in the journal Science^ and of sending
that journal to all members of the Association at the
expense of the Association itself, and without charge to-

members beyond their annual dues. This will not make
Science precisely the official organ of the Association,,

since the management and the editor will remain as
before, and the Association will have no strict super-
vision of the conduct of the journal. The annual volume
of proceedings will be reduced during that year, and
possibly for future years, should the experiment prove a
success, to a business record of the affairs of the

Association, including lists of members and fellows, the
text of the constitution, and possibly a list of the papers
presented at the meetings.
Amendments to the constitution were adopted, estab-

lishing a new section of Physiology and Experimental
Medicine (Section K), and lengthening the term of office

of the Treasurer of the Association from one year to five.

A discussion of the new International Association for the
Advancement of Science, Art and Education was intro-

dnced, and conservative action was taken which simply
expressed approval of the idea of international co-opera-

tion in the field of science, and promised to designate a
delegate to a national conference having that end in view-
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Grants were made to the Committee on Anthropo-
metric Measurements ; to the Committee on the Quanti-
tative Study of Biological Variation ; to the Committee on
the Study of Blind Vertebrates ; and to the Committee
on Study of the Relation of Plants to Climate. The
last two committees were established at this meeting.
The one on Blind Vertebrates consists of Mr. Theodore
N. Gill (chairman), Messrs. A. S. Packard, C. O.
Whitman, S. H. Gage, H. C. Bumpus and C. H.
Eigenmann. The one on Relation of Plants to Climate
consists of Messrs. Wm. Trelease, D. T. MacDougall
nd J. M. Coulter.

Resolutions were adopted urging upon the Government
of the United States (i) the establishment of a bureau of

standards in connection with the U.S. Ofifice of Standard
Weights and Measures ; (2) the establishment of a Govern-
ment Reservation in the Primeval Redwood Forest,

situated in the Santa Cruz Mountains in California ; and
{3) the establishment of a Government Reservation in

some portion of the hard wood forests of the Southern
Appalachian region.

At the meeting of the General Committee held on the
evening of the June 28, the city of Denver, Colorado, was
chosen as the place for the next meeting, and the time
selected was the week ending August 31. The choice of

Pittsburg, Pa., as a meeting place in 1902 was
recommended by formal resolution.

On the same evening the following officers for the en-

suing year were elected :—For President, Prof. Charles
Sedgwick Minot, of the Harvard Medical School ; for

Vice-Presidents, as follows :—Section A, Mathematics and
Astronomy, Prof. James MacMahon, of Cornell Univer-
sity ; Section B, Physics, Prof. D. T. Brace, of the Uni-
versity of Nebraska ; Section C, Chemistry, Prof. John H.
Long, of the North-western University ; Section D,
Mechanical Science and Engineering, Prof. H. S.

Jacoby, of Cornell University ; Section E, Geology and
Geography, Prof. C. R. Van Hise, of the University of

Wisconsin ; Section F, Zoology, Prof. D. S. Jordan, of

Stanford University ; Section G, Botany, Mr. B. T.

Galloway, of the U.S. Department of Agriculture ; Sec-
tion H, Anthropology, Mr. J. Walter Fewkes, of the

Bureau of American Ethnology ; Section I, Social and
Economic Science, Mr. John Hyde, Statistician, U.S. De-
partment of Agriculture. General Secretary, Prof. Wm.
Hallock, Columbia University ; Secretary to the Council,
Dr. D. T. MacDougall, New York Botanical Gardens.

THE WELLCOME RESEARCH
LABORATORIES.

T T is a remarkable sign of the times when the head of
• a firm principally distinguished for the introduction
into this country of American methods of dealing with
drugs, i.e. by putting them up in new and convenient
shapes and doses, goes out of his way to fit up extensive
research laboratories. This is what Mr. Wellcome has
done. In 1896 laboratories were established in the busi-

ness premises of the firm in Snow Hill. Now, after four

years, during which the work continued to grow, it has
been found necessary to give a complete house to the de-
partment. A well-built modern house has been secured
at No. 6 King Street, Snow Hill, and has been converted
into a series of three commodious and well-fitted labora-
tories, a library and office, and a store-room and workshop-
laboratory. Each laboratory is self-contained, and each
is connected with the other and with the directors' office

by means of telephones. The basement contains a good-
sized electric motor, and a dark room for polarimetric and
photographic work. Use has been made of the electric

mains to heat radiators for the distillation of ether, benz-
ene and other inflammable liquids. The whole is under
the direction of Dr. T. B. Power, F.I.C., who has a staflf
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of four assistants, all men who have been carefully selected

for their attainments and skill in actual research.

Mr. Wellcome is to be congratulated on his enterprise.

His firm, considering the nature of their business, might
well have acted on the supposition that research was not
strictly within their province. They might have argued,
" Research is the business of the drug manufacturer and
the manufacturing chemist ; it does not concern the com-
pounder of medicines." Their success in former years is

a solid argument in favour of such a view, which can be
very easily strengthened by a consideration of the success
of many firms who have pursued an exactly similar line

of business.

Mr. Wellcome intends to carry on his laboratories in

no narrow spirit ; this means, I presume, that he has
other views than the conversion of his business into a
chemical manufacturing concern. Though much work
is done towards the perfection of the firm's preparations,

time has been found for several researches which have
been published, and other work of this kind is in hand.
At present the bulk of the work is carried out on the
natural drugs, very little having been undertaken in the

direction of investigations leading to the discovery or

further knowledge of the properties of artificial medicinal
substances. There is undoubtedly a vast field in the
direction so far pursued, but every one must hope that

the other will not be neglected, and that at length this

country may make a contribution to the number of sub-

stances of medicinal value derived directly and not
through the medium of plant or other life from the

carbon compounds of the aromatic series.

The laboratories were informally opened on June 18,

when at Mr. Wellcome's invitation a number of gentle-

men interested in science, together with some representa-

tives of the Press, were received by Dr. Power and
conducted over the building. All interested in the

advance of chemistry, whether pure or applied, will wish
Mr. Wellcome success, and also that he may find imitators

among the numbers of firms who are meditating an
advance in the direction of a more scientific method of
conducting their manufactures. R. J. Friswell.

NOTES.
In the House of Commons on Tuesday, Mr. Goschen an-

nounced that a committee of experts would be appointed to

inquire into the efficiency of water-tube boilers in actual opera-

tion in different types of ships of H.M. Navy.

The Additional Estimate for the Navy for the year 1900-

190 1 includes 9500/. for wireless telegraphy apparatus
; 3600/.

for telescopic sights for quick-firing guns ; and 16,500/. for

gyroscopes for Whitehead torpedoes.

The scientific congresses to be opened in connection with the

Paris Exposition during the present month are :—July 19-25,

applied mechanics; July 23-28, applied chemistry ; July 19-21,

naval architecture and construction ; July 28-August 3, naviga-

gation ; July 28-August 4, chronometry ; July 23-28, photo-

graphy ; July 18-21, homoeopathy; July 23-28, professional

medicine; July 27-29, medical press; July 27-August i,

electrology and medical radiology.

We have been notified that the title of the subject for dis-

cussion at the joint meetings of the Institution of Electrical

Engineers and the American Institute of Electrical Engineers

to be held in the American Pavilion in the Paris Exhibition on

the morning of Thursday, August 16, is " The relative advan-

tages of alternate and continuous current for a general supply of

electricity, especially with regard to interference with other

interests." We understand it is specially desired to discuss how
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far interference with other undertakings, rather than ordinary

commercial and industrial conditions, will come to be a deter-

mining factor in the selection between continuous and alternating

currents. It is expected that many members of the American

Institute will spend a few days in London on their way to the

joint meeting in Paris. Arrangements are being made to

entertain the visitors, and it is hoped that a large number of

the British members will assist in making the visit a memorable

one.

A CIRCULAR-LETTER has, this week, been addressed to the

students of the Institution of Electrical Engineers informing

them that the Council of the Institution propose to grant 5/. to

each of twenty selected students to assist them to visit the

electrical exhibits in the Paris Exhibition. Intending candi-

dates must send in their applications by Saturday, July 28.

In the selection, the Council will give preference, other things

being equal, to those who, being still students of the Institution,

have either, or both, read papers before the students' section, or

been members of the committee of that section.

The Paris Societe d'Encouragement has awarded the following

medal and prizes :—Gold medal to M. Potier for his work in

physics ; 20CX) francs to M. Codron for his works on machine

tools ; 2000 francs to MM. Charabot Dupont and Pilet for

their work on essential oils ; 500 francs to M. Halphen for his

work on the analysis of fatty bodies, and to M. Blanc for his

work on the constitution of camphor ; 500 francs to M. Granger

for his study of the application of tungsten blue to ceramics ;

and 10CX5 francs to MM. Coudon and Boussard for their study of

the potato.

The Paris correspondent of the Chemist and Druggist an-

nounces that the late M. Milne-Edwards, director of the Paris

Museum of Natural History and professor of zoology at the Paris

School of Pharmacy, has bequeathed his scientific library, which

is exceptionally complete and valuable, to the Paris Museum.

The books are to be sold, and the proceeds will be applied

towards maintaining the professorship of zoology, which the

deceased savant occupied with so much distinction. M. Milne-

Edwards also bequeathed 20,000 francs to the Paris Geographical

Society, of which he was president, and 10,000 francs to the

Societe des Amis des Sciences.

For several days in last week the weather was very warm
over a large part of England, and in London the temperature

frequently exceeded 80°. This week the temperature has still

further increased, and on Monday the thermometer in the screen

registered 94° at Greenwich, which is the highest reading in

July since 1881, and is higher than in any summer since 1893,

while in all there have only been seven days during the last

sixty years with so high a temperature there. At Camden
Town the shade temperature registered 95° '2, the highest

reading there since 1858. Thunderstorms developed at the

beginning of the week over a large part of the country, but no

appreciable amount of rain has fallen in London for about a

fortnight.

We learn from Science that it is proposed to celebrate the

70th birthday of Prof. Wilhelm Wundt, which will occur on

August 16, 1902, by the publication of a " Festschrift," to

which his former students are invited to contribute. The manu-

scripts must be forwarded to Prof. Kiilpe, Wlirzburg, not later

than January I, 1902.

It was recently stated in the public press that postal packets

containing plants for transmission to England were refused at

Swiss post-offices on the ground that the plants would not be
permitted to enter England. The Board of Customs has, how-
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ever, just stated that there is no objection to the importation of

plants from Switzerland, if they are sent by parcel post or letter

post. But plants must not be sent by sample post, and the

refusal of packets presented for transmission as samples appears

to have produce d the impression that the importation of flowers

is not allowed.

An exhibition and conference and other meetings will be held

at the Crystal Palace, Sydenham, on July 20 and 21, in celebra-

tion of the bicentenary of the introduction of the sweet pea to

Britain from Sicily in 1700. Some authorities hold that two
forms, having a general relationship one to the other, were in-

troduced, one from Sicily and the other from Ceylon. The
history of the sweet pea and its earlier development will be

dealt with at the conference meetings which are to be held in

connection with the celebration. Many foreign horticulturists

are giving the celebration their support in various ways ; and
one of the papers at the conference will deal with the culture

and development of the sweet pea in the United States, where

many fine varieties have been cultivated.

The Times states that the construction of the vessel designed

by Mr. W. E. Smith, one of the chief constructors to the

Admiralty, for the National Antarctic Expedition, is now in

active progress at the yard of the Dundee Shipbuilders' Company.
The ship, which is to be named the Discovery, is to be barque-

rigged and to have three decks. Accommodation for those on

board will be provided under the upper deck. The stem will

be of the ice- breaker type, with strong fortifications. The
length of the vessel between perpendiculars is 172 feet ; beam,

34 feet, and depth, 19 feet. The timbers are of oak dowelled

and bolted together, and the keel, deadwoods, the stem, and

the stem-posts are also of oak. The planking is of American
elm and pitch pine, and the inside beams are of oak. With the

object of avoiding the magnetic influence of iron on the scientific

instruments on board, it has been decided that for a considerable

radius amidships the knees and fastenings shall be of naval brass.

In case the Discovery should have to winter in the ice, a heavy

waggon cloth awning of strong woollen felt is to be provided.

The fittings and equipment of the vessel will be of the most

modern type. The engines, which are to indicate 45ohorse-

power, ar e to be constructed by Messrs. Gourlay Brothers and

Co., Dundee.

News has just reached this country of the death of a well-

known geologist. Prof. G. H. F. Ulrich, F.G.S., who, since

1878, held the position of director of the School of Mines con-

nected with the Otago University, New Zealand. Prof. Ulrich

fell from a cliff while gathering rock specimens at Port Chalmers,

and the injuries he received terminated fatally. Prof. Ulrich was

born at Clausthal-Zillerfeld, Germany, in 1830, and was educated

in his native town at the High School, and subsequently graduated

at the Royal School of Mines, Clausthal, Hartz. He went to Forest

Creek, Victoria, in 1854, and was appointed in 1857 assistant

secretary and draughtsman to the Royal Mining Commission in

Victoria. He was afterwards appointed assistant field geologist

under Mr. Selwyn in the Geological department of Victoria.

He continued an officer of the Geological Survey department

until its abolition in 1869, when he became curator of the mining

section under Mr. Newbery, superintendent of the industrial

and technological museum and lecturer in mining at the Uni-

versity of Melbourne. He was appointed by the South Austra-

lian Government to report on their copper mines and goldfields,

and in 1875 he paid his first visit to New Zealand and reported

on the Otago goldfields. In 1877, the Otago University Council

having decided to institute a school of mines, the Chancellor

secured the services of Prof. Ulrich for the Otago University.

The School of Mines was for some years small, and not very



July 19, 1900] NATURE 273

fully equipped, but in 1887 additional lecturers were appointed,

and as the advantages of the course came to be appreciated, the

number of students increased rapidly, and the attendance is now
very large. Through the energy of Prof. Ulrich the models and

appliances which had been procured from time to time became a

valuable collection, especially in the mineral department, to

which he was constantly adding from his own private collections

of minerals and stones.

The Committee on Indexing Chemical Literature presented

their report of progress at the recent meeting of the American
Association. From it we learn that Dr. Alfred Tuckerman has

completed and sent to the Smithsonian Institution a supplement

to his index to the literature of the spectroscope, which covers

the period from 1887 to 1899. Dr. H. Carrington Bolton's

second supplement to his select bibliography of chemistry,

containing a list of 7500 chemical dissertations, is passing through

the press ; it will form a volume of the Smithsonian Mis-

cellaneous Collections. Mr. A. G. Smith, of Cornell Univer-

sity, is engaged on an index to the literature of selenium and

tellurium, which, it is expected, will be completed this summer.

Dr. Frank I. Shepherd proposes to make a bibliography of the

alkaloids. Mr. Frank R. Fraprie contemplates preparing an

index to the literature of lithium.

In the Revue GenJrale des Sciences, M. Louis Olivier gives

some further particulars of Poulsen's " telegraphone," which is

attracting attention at the Paris Exhibition. He describes

several devices for increasing the volume of sound, or " intensi-

fying " the record, to use the language of the photographer.

The steel band with the consequent poles, which forms the

original record, is made to pass between the poles of an electro-

magnet, which transfers the record to another band. This may
be done several times over, and the record taken simultaneously

from all the bands. In another arrangement the record is

intensified by passing it very rapidly through the second magnetic

field, which, as we know, has the effect of increasing the induced

currents, and therefore also the intensity of the secondary

record.

A NO\'EL type of Newton's rings is described by Mr. A. C.

Longden in the current number of the American Journal of

Science. They are prepared by exposing a glass plate to the

kathode rays emitted from a small globule of selenium. The
film thus deposited is thickest at the point exactly opposite the

globule, and tapers off towards the sides. The result is a film

in the shape of a very flat lens, the upper and lower surfaces of

which reflect light somewhat in the same manner as the upper

and lower surfaces of the air film in Newton's device, with the

difference, however, that in Mr. Longden's arrangement the film

tapers outward instead of inward. Hence the rings increase in

breadth and brilliancy away from the centre, and the order of

the colours is reversed. The effect is described as very pretty.

The annual list of the staffs 01 the Royal Gardens, Kew, and
of botanical departments and establishments at home, and in

India and the Colonies, in correspondence with Kew, has just

been issued as an appendix to the Bulletin of Miscellaneous

Information. We notice that sixty-six of the officers of the

various botanic gardens have been trained at Kew, and seven-

teen others were appointed on the recommendation of the director

of the Royal Gardens. With so many efficient observers distri-

buted over our possessions it is not surprising that Kew is able

to be of great service to the Elmpire as well as to science.

Plague has now been established in Sydney for several

months, and in an address delivered before the New South Wales

Branch of the British Medical Association, Dr. Frank Tidswell

of Sydney recently discussed a variety of interesting questions

relating to the disease. Referring to his remarks on rats, the
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Lancet points out that there are instances which show that the

presence of a plague-rat is often responsible for the illness in

man. For example, a number of dead rats found one morning

in a cotton factory at Bombay were removed by twenty coolies.

Within the three following days about half of them fell sick with

plague, whilst those in the store who had not touched the rats-

were not affected. Again, the coachman of an English family

in Bombay found a dead rat in a stable and removed it. Three

days later he fell sick with plague and died in a few hours, no
other person in the same house being affected. Many persons^

however, have caught plague without handling plague rats, and
many persons have handled plague rats without catching plague.

To explain this difficulty Simond has suggested that the infection

is carried by the fleas natural to the rats. Perfectly healthy rats,

harbour very few fleas, and are very expert in removing them,

but fleas are abundant on sick rats. After death, as the body

becomes cold, the fleas leave it. In this way Simond accounted

for the fact that a plague rat may be handled with impunity some
hours after death. If the fleas from the dead rat reach another

rat or a human being, they may inoculate the bacilli they acquired

by ingesting the blood of their former host. In some of Simond's

experiments sick and healthy rats in separate cages were enclosed

in a glass jar, and it was found that when no fleas were present

the healthy animals did not become infected.

Colour photometry is a subject that Sir William Abney has

made his own, and in his last communication to the Royal

Society he describes a method of estimating the luminosity of

coloured surfaces that is especially applicable when the source

of light is a large surface, such as the sky. la " Colour Photo-

metry, Part iii."it was shown that only one ray of the spectrum,

a greenish-yellow, progressed in luminosity at the same rate as^

white light. If, for example, red, greenish-yellow, blue and

white lights are made of equal luminosity, and the illuminating

beams are simultaneously and equally reduced in intensity, the

luminosity of the red will diminish the mast rapidly, that of the

blue the least rapidly, the other two remaininj; equal. More-

over, the colour disappears more quickly than the luminosity

(except in the case of pure red), tending towards greyness, so-

that colours of feeble luminosity are more easy to match thia

bright colours. The new method of colour photometry is based

upon these facts. By means of concentric rotating discs, which

are, when necessary, slit radially and interlaced, the proportion

of black and white that matches first a green and then a yellow-

disc is determined. The comparisons are facilitated by observinjf

the rotating discs through a "black transparent medium," such

as an unstained developed photographic film, which may be so

dense that the colour practically disippears, giving place to a

dull grey. The value of a red disc is ascertained by interlacing

it with the green and blue discs to produce a grey, which is ther>

matched with the black and white. Thus, having three standard

colours of known values, the luminosity of any other colour can

be ascertained by substituting a disc of it for one of the standard

colours to produce a grey, and matching the grey as before.

The results given by this method agree closely with those

obtained by the method previously described by the author.

Sir William Abney has in this way determined the luminosities

of various coloured surfaces and calculated the amount of

black necessary for each, so that they shall be reduced to equil

luminosity. He has then prepared a disc divided into several

annuluses, each partly coloured and partly black, so that when,

rotated the whole appears of equal luminasity when illuminated

by the light for which it is calculated. By the selection of

suitable colours such a disc is a very convenient and effective

test for any defect in either the cjlour sensitiveness of a photo-

graphic plate, or in the coloured screen used to compensate its-

inherent deficiencies in this mitter. For the rotating disc,

which is equally luminous throughout, will give, when the
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•negative is developed, an image of equal density throughout, if

-the sensitive plate and colour screen are properly adjusted to

•«ach other.

The U.S. Weather Bureau has published a Bulletin (No. 29),

entitled "Frost fighting," by Mr. A. G. McAdie. A bulletin

on the same subject was recently issued by the Bureau, but it is

believed that the more recent experiments made in California

-are sufficiently valuable to extensive fruit interests to justify this

second publication, and that the loss due to frosts in that State,

hitherto considered unavoidable, can be prevented. The prob-

lem is of a two-fold nature : accurate forecasting of the frost

period, and efficient methods of raising the temperature at

critical times. The various protective methods, based on irriga-

tion, the production of cloud or fog, and devices for screening

the fruit trees are photographically illustrated. Of all the

methods proposed, with the exception of the use of wire screens,

lirrigation has the largest amount of evidence in its favour ; hot

water from a boiler is forced through a number of furrows, and

'the temperature of the air is heated by the rising of the water-

vapour.

We have received from the Rev. W. Sidgreaves a copy of

'the results of meteorological and magnetical observations at

Stonyhurst College Observatory, near Blackburn, for the year

1899. This observatory is fully equipped with self-recording

instruments, and has for many years published valuable ob-

-servations both independently and in connection with the

Meteorological Office. During the past year a special report

•of hourly rainfall from 1891 to 1898 was prepared for that

office. Much attention is given to solar observations and to

the connection of sun-spots with terrestrial phenomena. The
movements of the upper clouds, and the determination of the

-magnetic elements, also occupy the special attention of the

small available staff of the observatory. An appendix contains

observations taken at St. Ignatius College, Malta.

In a paper on malformed specimens of the common pond-

mussel, published in the last issue oi\\vQ Journal of Malacology^

Mr, H. H. Bloomer shows that in certain instances this mollusc

>is able to repair severe injuries to the mantle-lobes, but cannot

-make good damage inflicted on the gills.

Dr. II. L. Bruner communicates to vol. xvi. No. 2 of the

Journal of Morphology the results of observations on the hearts

of lungless salamanders, in which it is shown that with the

.lungs disappears also the septum between the auricles of the

heart. Since, however, the normal circulation is not yet fully

understood, it would be premature to discuss the reason for this

•loss.

In the June issue of the American Naturalist^ Miss Rathbun
•continues her invaluable illustrated synopsis of North American
.invertebrates, dealing in this section with certain groups of crabs.

It may be hoped that, when complete, this synopsis will be

reissued in book-form.

The phylogeny of the butterflies of the family Pieridse (best

•known by the ordinary British " whites ") is discussed by Mr. A.
^. Grote in No. 161 of the Proceedings of the American Philo-

sophical Society. The author is of opinion that the family is an
offshoot from the Hesperiidae, or skippers, which is itself related

to the Nymphalidas, and that the "blues" may likewise be
•another offshoot from the same stock. From the scant evidence

afforded by fossil forms, it further seems evident that the blues

-and the whites are modern types of butterflies, while the skippers

-and the nymphalids are of greater antiquity.—Anthropologists

will find considerable interest in a paper on the divisions of the

South Australian Aborigines, ^by Mr. R. H. Mathews, which
appears in the same serial.
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In a paper published in the Coinunicaciones of the Buenos
Aires Museum (vol. i. No. 6) Dr. F. Ameghino describes and
figures certain mammalian remains from the areniscan formation

of southern Patagonia. These remains are stated to be found
in association with those of dinosaurs as well as of fishes of the

genera Synechodus, Lepidotus and Ceratodus, and the formation

is accordingly correlated with the lower Cretaceous of Europe
and the United States. The. mammalian remains are, however,
of such a highly specialised type that it is almost impossible to

believe they can be of such great antiquity; and it seems
probable that some other explanation of their alleged association

with Cretaceous types will have to be found.

We learn from the Ai/ierican Naturalist that a school of

applied agriculture and horticulture will be established near

New York City, to open in September, for study and practical

training. Students will have the use of the laboratories and of

the extensive collection of plants in the museum and conser-

vatories and in the grounds of the New York Botanic Garden.
The work will be under the direction of Mr. George T. Powell,

The following facilities for the practical study of biology

during the summer vacation are offered in the United States, in

addition to those already announced. The Biological Labora-

tory of the Brooklyn Institute of Arts and Sciences at Cold
Spring Harbour, Long Island, will be open from July i to

August 25, under the guidance of Prof. Davenport. The Lake
Laboratory of the Ohio State University at Sandusky, Lake
Erie, will be open for eight weeks from July 2. Four courses

of lectures will be given in zoology, and three in botany. The
Rhode Island summer school for nature study is holding its

session at Kingston, R. I., from July 5 to 20. Beloit College,

Wisconsin, will hold a summer school on Madeline Island, Lake
Superior, from July 26 to Aug. 30. The natural science camp
for boys will hold its eleventh session at Canandaigua, N.Y.,

under the management of Mr. Albert L. ArCy. Instruction will

be given ih biology, entomology, taxidermy, and photography.

The Biologisches Centralblatt for June 15. and July i contains

a detailed biography of the late eminent diatomist, Comte

Abbe F. Castracane, together with a complete bibliography of

his very numerous contributions to botanical literature.

Bulletin No. 10 (February 1900) of the Michigan State Agri-

cultural College Experiment Station (Agricultural Depart-

ment), is devoted entirely to investigations in the cultivation of

the sugar-beet, by Mr. J. D. Towar, chiefly in relation to the

advantages of different soils and manures.

Prof. L. Erreka reprints from the Revue de F Universite

de Bruxelles a paper on spontaneous generation, one of a series

of essays on botanical philosophy. After a historical account of

the controversy, he sums up thus:— "Si done la generation

spontanee est encore irrealisee dans nos laboratoires, rien ne

prouve qu'elle soit a jamais irrealisable."

We have received the Transactions of the British Myco-

logical Society for the season 1898- 1 899. It contains the

address of the President, Dr. C. B. Plowright, on the recent

additions to our knowledge of the Uredinese and Ustilaginese,

with special reference to British species, a report of the New
Forest fungus foray, and five papers on new or rare fungi.

The economic geology of the United States is very amply

dealt with in the larger reports of the Geological Survey, while

individual States publish reports on particular subjects. One of

these on the clays of Alabama, by Dr. E. A. Smith and Dr. H.

Ries, has just reached us. The State yields china clay, fire clay,

pottery clay, and brick clay, all of which are very fully described

with regard to their characters.geological age and distribution, and

a number of analyses are given. In addition to the local account,

there is also a general discussion of clays, their chemical, physi-

cal and mineral characters, such as will be of great use to any



July 19, 1900] NA TUBE 27s

one studying the subject from a scientific as well as economic

point of view. Mention is made of beds of white pulverulent

silica, which when mixed with clay has been used in the

manufacture of a paint.

We have received from the Geological Survey of Canada, Part i

of a " Catalogue of Canadian Birds," by Mr. J. Macoren,

dealing with water-birds, gallinaceous birds, and pigeons.

The third volume of Prof. G. O. Sars's "Account of the

Crustacea of Norway," dealing with the anomalous group

Cumacea, is in course of publication by the Bergen Museum.
Parts V. and vi., devoted to the Diastylidse, have just been

issued.

Part io of Memoir III. of the Australian Museum, Sydney,

on "The Atoll of Funafuti" has now been issued. It is the

concluding part of the memoir, and contains lists of the

contributors and plates, and an index to the whole work.

Messrs. Isenthal and Co., have issued a revised edition

of their list of apparatus and accessories for work with Rontgen

rays. Particular attention is given by this firm to the design

and construction of instruments for radiographic work, and any
one contemplating an installation for this purpose will find the list

just issued well worth examination.

The additions to the Zoological Society's Gardens during the

past' week include a Patas Monkey {Cercopithecus patas, 9 ) from

West Africa, presented by Mr. W. B. Davidson Houston ; a

Rhesus Monkey {Macacus rhesus) from India, presented by Mrs.

Heigham ; a Common Marmoset {Hapale jacckus) from South-

east Brazil, presented by Mrs. Alexander Grant ; two Grey-
headed Love-Birds {Agapornis cana) from Madagascar, pre-

sented by Mrs. Harry Blades; a Cuckoo (Cucuhis canorus),

European, presented by Mr. L. W. Wiglesworth ; an Entellus

Monkey {Seinnopithecus entellus, 9 ) from India, a Bear
(Ursus, sp. inc.) from Kuldja, a Himalayan Snow Partridge

( Tetrcgallus himalayetisis) from the Himalayas, two Brazilian

Tortoises
( Testudo tabulata) from South America, deposited ; a

Sharp-nosed Badger {Meles leptorhynchtis) from China, a Rough
Fox {Cams riidis) from South America, purchased; a Little

Bittern {Ardetta minutd), European, received in exchange ; a

Brindled Gnu {Conmchoetes iaurina, 9 ), an Altai Deer {Cervtis

euslephaims), born in the Gardens.

RHYTHMS AND GEOLOGIC TIME.^
^HE subject to which I shall invite your attention this

evening is by no means novel, but might better be called
perennial or recurrent ; for the problem of our earth's age seems
to bear repeated solution without loss of vigour or prestige. It
has been a marked favourite, moreover, with presidents and
vice-presidents, retiring or otherwise, when called upon to ad-
dress assemblies whose fields of scientific interest are somewhat
diverse—for the reason, I imagine, that while the specialist
claims the problem as his peculiar theme of study, he feels that
other denizens of the planet in question may not lack interest
m the early lore of their estate.

The difficulty of the problem inheres in the fact that it not
only transcends direct observation but demands the extrapola-
tion or extension of familiar physical laws and processes far
beyond the ordinary range of qualifying conditions. From
whatever side it is approached the way must be paved by pos-
tulates, and the resulting views are so discrepant that impartial
onlookers have come to be suspicious of these convenient and
inviting stepping stones.

In giving brief consideration to each of the more important
ways by which the problem of the earth's age has been ap-

' Abridged from an address to the American Association for the Ad-
rf""%"' ^'^Scence at New York, June 26, by the retiring President,

c
5^- Gilbert. By the courtesy of the Editor of iiciena

proofs of the address were received.
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proached, I shall mention first those which follow the action of
some continuous process, and afterward those which depend orv
the recognition of rhythms.
The earliest computations of geologic time, as well as the

majority of all such computations, have followed the line of the
most familiar and fundamental of geological processes. All through
the ages the rains, the rivers and the waves have been eating
away the land, and the product of their gnawing has been received
by the sea and spread out in layers of sediment. These layers
have been hardened into rocky strata, and from time to time
portions have been upraised and made part of the land. The
record they contain makes the chief part of geologic history,
and the groups into which they are divided correspond to the
ages and periods of that history. In order to make use
of these old sediments as measures of time, it is necessary to
know either their thickness or their volume, and also the rate at
which they were laid down. As the actual process of sedimen-
tation is concealed from view, advantage is taken of the fact that
the whole quantity deposited in a year is exactly equalled by
the whole quantity washed from the land in the same time, and
measurements and estimates are made of the amounts brought to
the sea by rivers and torn from the cliffs of the shore by waves.
After an estimate has been obtained of the total annual sedi-
mentation at the present time, it is necessary to assume either
that the average rate in past ages has been the same or that it

has differed in some definite way.
At this point the course of procedure divides. The computer

may consider the aggregate amount of the sedimentary rocks,
irrespective of their subdivisions, or he may consider the thick-
nesses of the various groups as exhibited in different localities.

If he views the rocks collectively, as a total to be divided by the
annual increment, his estimate of the total is founded primarily
on direct measurements made at many places on the continents,
but to the result of such measurements he must add a f>ostulated'
amount for the rocks concealed by the ocean, and another post-
ulated amount for the material which has been eroded from the
land and deposited in the sea more than once.

If, on the other hand, he views each group of rocks by itself,

and takes account of its thickness at some locality where it is

well displayed, he must acquire in some way definite concep-
tions of the rates at which its component layers of sand, clay and
limy mud were accumulated, or else he must postulate that its

average rate of accretion bore some definite ratio to the present
average rate of sedimentation for the whole ocean. This course
is, on the whole, more difficult than the other, but it has yielded
certain preliminary factors in which considerable confidence is

felt. Whatever may have been the absolute rate of rock build-
ing in each locality, it is believed that a group of strata which
exhibits great thickness in many places must represent more
time than a group of similar strata which is everywhere thin,
and that clays and marls, settling in quiet waters are likely to
represent, foot for foot, greater amounts of lime than the coarser
sediments gathered by strong currents ; and studying the forma-
tions with regard to both thickness and texture, geologists have
made out what are called time ratios—series of numbers express-
ing the relative lengths of the different ages, periods and epochs.
Such estimates of ratios, when made by different persons, are
found to vary much less than do the estimates of absolute time,
and they will serve an excellent purpose whenever a satisfactory

determination shall have been made of the duration of any one
period.

Reade has varied the .sedimentary method by restricting atten-
tion to the limestones, which have the peculiarity that their
material is carried from the land in solution ; and it is a point
in favour of this procedure that the dissolved burdens of rivers
are more easily measured than their burdens of clay and sand.
An independent system of time ratios has been founded on

the principle of the evolution of life. Not all formations are
equally supplied with fossils, but some of them contain volu-
minous records of contemporary life ; and when account is takers
of the amount of change from each full record to the next, the
steps of the series are found to be unequal in magnitude. Though
there is no method of precisely measuring the steps, even in a
corriparative way, it has yet been found possible to make
approximate estimates, and these in the main lend support to
the time ratios founded on sedimentation. They bring aid also-

at a point where the sedimentary data are weak, for the earliest

formations are hard to classify and mea.sure. It is true that
these same formations are almost barren of fossils, but biological,

inference does not therefore stop. The oldest known fauna.
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the Eocambrian, does not represent the beginnings of life, but a

well advanced stage, characterised by development along many
divergent lines ; and by comparing Eocambrian life with existing

life the paleontologist is able to make an estimate of the relative

progress in evolution before and after the Eocambrian epoch.

The only absolute blank left by the time ratios pertains to an

azoic age which may have intervened between the development

of a habitable earth crust and the actual beginning of life.

Erosion and deposition have been used also, in a variety of

ways, to compute the length of very recent geologic epochs.

Thus, from the accumulation of sand in beaches, Andrews esti-

mated the age of Lake Michigan, and Upham the age of the

glacial lake Agassiz ; and from the erosion of tlie Niagara

gorge the age of the river flowing through it has been estimated.

But while these discussions have yielded conceptions of the

nature of geological time, and have served to illustrate the extreme

complexity of the conditions which affect its measurement, they

have accomplished little toward the determination of the length

of a geologic period ; for they have pertained only to a small

fraction of what geologists call a period, and that fraction was
of a somewhat abnormal character.

Wholly independent avenues of approach are opened by the

study of processes pertaining to the earth as a planet, and with

these the name of Kelvin is prominently associated.

As the rotation of the earth causes the tides, and as the

tides expend energy, the tides must act as a brake, checking

the speed of rotation. Therefore the earth has in the past

spun faster than now, and its rate of spinning at any remote

point of time may be computed. Assuming that the whole
globe is solid and rigid, and that the geologic record could

not begin until that condition had been attained, there could

not have been great checking of rotation since consolidation.

For if there had been, it would have resulted in the gathering

of the oceans about the poles and the baring of the land near

the equator, a condition very different from what actually ob-

tains. This line of reasoning yields an obscure outer limit to

the age of the earth.

On the assumption that the globe lacks something of perfect

rigidity, G. H. Darwin has traced back the history of the

•earth and the moon to an epoch when the two bodies were
united, their separation having been followed by the gradual

enlargement of the moon's orbit and the gradual retardation

of the earth's rotation ; and this line of inquiry has also yielded

an obscure outer limit to the antiquity of the earth as a habit-

able globe.

One of the most elaborate of all the computations starts

with the assumption that at an initial epoch, when the outer

part of the earth was consolidated from a liquid condition,

the whole body of the planet had approximately the same
temperature ; and that as the surface afterward cooled by out-

>Yard radiation there was a flow of heat to the surface by
conduction from below. The rate of this flow has diminished

from that epoch to the present time according to a definite

law, and the present rate, being known from observation,

affords a measure of the age of the crust. The strength of

this computation lies in its definiteness and the simplicity of

its data ; its weakness in the fact that it postulates a know-
ledge of certain properties of rock—namely, its fusibility, con-

ductivity and viscosity—when subjected to pressures and
temperatures far greater than have ever been investigated

experimentally.

A parallel line of discussion pertains to the sun. Great as is

the quantity of heat which that incandescent globe yields to the

earth, it is but a minute fraction of the whole amount with which
it continually parts, for its radiation is equal in all directions, and
the earth is but a speck in the solar sky. On the assumption
that this immense loss of heat is accompanied by a correspond-

ing loss of volume, the sun is shrinking at a definite rate, and a

computation based on this rate has told how many millions of

years ago the sun's diameter should have been equal to the present

•diameter of the earth's orbit. M inifestly the earth cannot have
been ready for habitation before the passage of that epoch, and
so the computation yields a superior limit to the extent of

geologic time.

Before passing to the next division of the subject—the com-
putations based on rhythms—a few words may be given to the

results which have been obtained from the study of continuous
processes. Realising that your patience may have been strained

by the kaleidoscopic character of the rapid review which his
seemed unavoidable, I shall spare you the recitation of numerical

details, and merely state in general terms that the geologists, or

those who have reasoned from the rocks and fossils, have de-
duced values for the earth's age very much larger than have been
obtained by the physicists, or those who have reasoned from
earth cooling, sun cooling and tidal friction. In order to express
their results in millions of years, the geologist must employ from
three to five digits, while the physicists need but one or two.
When these enormous discrepancies were first realised, it was
seen that serious errors must -exist in some of the observational

data, or else in some of the theories employed ; and geologists

undertook with zeal the revision of their computations, making
as earnest an effort for reconciliation as had been made a genera-
tion earlier to adjust the elements of the Hebrew cosmogony to

the facts of geology. But after rediscussing the measurements
and readjusting the assumptions so as to reduce the time estimates

in every reasonable way—and perhaps in some that were not so

reasonable—they were still unable to compress the chapters of

geologic history between the narrow covers of physical limitation
;

and there the matter rests for the present.

The rocks which were formed as sediments show many traces

of rhythm Some are composed of layers, thin as paper, which
alternate in colour, so that when broken across they exhibit

delicate binding. In the time of their making there was a

periodic change in the character of the mud that settled from the

water. Others are banded on a larger scale ; and there are also

handings of texture where the colour is uniform. Many forma-

tions are divided into separate strata, as though the process of

accretion had been periodically interrupted. Series of hard strata

are often separated by films or thin layers of softer material.

Strata of two kinds are sometimes seen to alternate through
many repetitions. Borings in the delta of the Mississippi sho^v

soils and remains of trees at many levels, alternating with river

silts. The rock series in which coal occurs are mon )tonous

repetitions of shale and sandstone. Belgian geologists have
been so impressed by the recurrence of short sequences of strata

that they have based an elaborate system of rock notaiion

upon it.

Passing to still greater units, the large aggregates of strata

sometimes called systems show in many cases a regular sequence,

which Newberry called a " circle of deposition." When com-
plete it comprises a sandstone or conglomerate, at base, then

shale, limestone, shale and sandstone. This sequence is explained

as the result of the gradual encroachment, or transgression as it

is called, of the sea over the land and its subsequent recession.

In certain bogs of Scandinavia deep accumulations of peat are

traversed horizontally by layers including tree stumps in such

way as to indicate that the ground has been alternately covered

by forest and boggy moss. The broad glaciers of the Ice age

grew alternately smaller and larger—or else were repeatedly

dissipated and reformed—and their final waning was charac-

terised by a series of halts or partial readvances, recorded in

concentric belts of ice-brought drift. Of these belts, called

moraines of recession, Taylor enumerates seventeen in a single

system.

In explanation of these and other repetitive series incorpor-

ated in the structure of the earth's crust, a variety of rhythmic

causes have been adduced ; and mention will be made of the

more important, beginning with those which have the chiracter

of original rhythms.
A river flowing through its delta clogg its channel with

sediment, and from time to time shifts its course to a new line,

reaching the sea by a new mouth. Such changes interrupt and
vary sedimentation in neighbouring parts of the sea. Storms of

rain make floods, and each flood may cause a sep irate stratum

of sediment. Storms of wind give destructive force to the waves

that beat the shore, and each storm may cause the deposit of an

individual layer of sediment. Varying winds may drive currents

this way and that, causing alternations in sedimentation.

To explain the forest beds buried in the Mississippi silts it has

been suggested that the soft deposits of the delta from time to

time settled and spread out under their own weight. .
Various

alternations of strata, and especially those of the Coal measures,

have been ascribed to successive local subsidences of the earth's

crusf, caused by the addition of loads of deposit. It has been

suggested also that land undergoing erosion may rise up from

time to time because relieved of load, and the character of

sediment might be changed by such rising. Subterranean

forces, of whatever origin, seemingly slumber while strains are

accumulating, and then become suddenly manifest in disloca-

tions and eruptions, and such catastrophes affect sedimentation.
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A more general rhythm has been ascribed to the tidal retard-

ation of rotation and the resulting change of the earth's form.

If the body of the earth has a rather high rigidity, we should
expect that it would for a lime resist the tendency to become
more nearly spherical, while the water of the ocean would ac-

commodate itself to the changing; conditions of equilibrium by
seeking the higher latitudes. Eventually, however, the solid

earth would yield to the strain and its figure become adjusted to

the slower rotation, and then the mobile water would return.

Thus would be caused periodic transgressions by the sea, oc-

curring alternately in high and low latitudes.

Another general rhythm has been recently suggested by
Chamberlin in connection with the hypothesis that secular varia-

tions of climate are chiefly due to variations of the quantity of

carbon dioxide in the atmosphere.^ The system of inter-

dependent factors he works out is too complex for presentation
at this time, and I must content myself with saying that his

explanation of the moraines of recession involves the interaction

of a peculiar atmospheric condition with a condition of glacia-

tion, each condition tending to aggravate the other, until the
cumulative results brought about a reaction and the climatic
pendulum swung in the opposite direction. With each suc-

cessive o.scillation the momentum was less, and an equilibrium
was finally reached.

Few of these original rhythms have been used in computations
of geologic time, and it is not believed that they have any posi-

tive value for that purpose. Nevertheless, account must be
taken of them, because they compete with imposed rhythms for

the explanation of many phenomena, and the imposed rhythms,
wherever established, yield estimates of time.

The tidal period, or the half of the lunar day, is the shortest

imposed rhythm appealed to in the explanation of the features
of sedimentation. It is quite conceivable that the bottom of a
quiet bay may receive at each tide a thin deposit of mud which
could be distinguished in the resulting rock as a papery layer or
lamina. If one could in some way identify a rock thus formed,
he might learn how many half-days its making required by
counting its lamince, just as the years of a tree's age are learned
by counting its rings of growth.
The next imposed rhythm of geologic importance is the year.

There are rivers, like the Nile, having but one notable flood in

each year, and so depositing annual layers of sediment on their

alluvial plains and on the sea beds near their mouths. Where
oceanic currents are annually reversed i)y monsoons, sedimenta-
tion may be regularly varied, or interrupted, once a year.
Streams from a glacier cease to run in winter, and this

annual interruption may give a definite structure to resulting
deposits. It is therefore probable that some of the lamince or
strata of rocks represent years, but the circumstances are
rarely such that the investigator can bar out the possibility that
part of the markings or separations were caused by original
rhythms of unknown period.

The number of rhythms existing in the solar system is very
large, but there are only two, in addition to the two just
mentioned, which seem competent to write themselves in a
legible way in the geologic record. These are the rhythms of
precession and eccentricity.

Because the earth's orbit is not quite circular and the sun's
position is a little out of the centre, or is eccentric, the two
hemispheres into which the earth is divided by the equator do
not receive their heat in the same way. The northern summer,
or the period during which the northern hemisphere is inclined
toward the sun, occurs when the earth is farthest from the sun,
and the northern winter occurs when the earth is nearest to the
sun, or in that part of the orbit called perihelion. These
relations are exactly reversed for the southern hemisphere. The
general effect of this is that the southern summer is hotter than
the northern, and the southern winter is colder than the
northern. In the southern part of the planet there is more
contrast between summer and winter than in the northern.
The sun sends to each half the same total quantity of heat in
the course of a year, but the difference in distribution makes the
climates different. The physics of the atmosphere is so intricate
a subject that meteorologists are not fully agreed as to the
theoretical con.sequences of these differences of solar heating,
but it is generally believed that they are important, involving
differences in the force of the wind*, in the vel( city and course
of ocean currents, in vegetation, and in the extent of glaciers.

1 An aUerapt to fr.-ime a working hypothesis of the cause of glacial
periods on an atmospheric basis. Joum. Cl-o!., vol. vii., 1899.
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Now, the point of interest in the present connection is that

the astronomical relations which occasion these peculiarities are

not constant, but undergo a slow periodic change. The relation

of the seasons to the orbit is gradually shifting, so that each

sea.son in turn coincides with the perihelion ; and the climatic

peculiarities of the two hemispheres, so far as they depend on
planetary motions, are periodically reversed. The time in which
the cycle of change is completed, or the period of the rhythm, is

not always the same, but averages 21,000 years. It is commonly
called the precessional period.^

Assuming that the climates of many parts of the earth are

subject to a secular cycle, with contrasted pha.ses every 10,500
years, we should expect to find records of the cycle in the

sediments. A moist climate would tend to leach the cal-

careous matter from the rock, leaving an earthy soil behind,

and in a succeeding drier climate the soil would be carried away ;

and thus the adjacent ocean would receive first calcareous and
then earthy sediments. The increase of glaciers in one hemi-
sphere would not only modify adjacent sediments directly, but,

by adding matter on that side, would make a small difference in

the position of the earth's centre of gravity. The ocean would
move somewhat toward the weighted hemisphere, encroaching on
some coasts and drawing down on others ; and even a small

change of that sort would modify the conditions of erosion and
deposition to an appreciable extent in many localities.

BIytt ascribed to this astronomical cause the alterations of

bog and forest in Scandinavia, as well as other sedimentary
rhythms observed in Europe ; and it has seemed to me com-
petent to account for certain alternations of strata in the Cre-

taceous formations of Colorado. Croll used it to explain inter-

glacial epochs, and Taylor has recently applied it to the moraines
of recession.

The remaining astronomical rhythm of geological import is

the variation of eccentricity. At the present time our greatest

distance from the sun exceeds our least distance by its thirtieth

part, but the difference is not usually so small as this. It may
increase to the seventh part of the whole distance, and it may
fall to zero. Between these limits it fluctuates in a somewhat
irregular way, m which the property of periodicity is not con-

spicuous. The effect of its fluctuation is inseparable from the

precessional effect, and is related to it as a modifying condition.

When the eccentricity is large the precessional rhythm is em-
phasised ; when it is small the precessional effect is weak.
The variation of eccentricity is connected with the most

celebrated of all attempts to determine a limited portion of

geological time. In the elaboration of the theory of the Ice age
which bears his name, Croll correlated two important epochs
of glaciation with epochs of high eccentricity computed to have
occurred about 100,000 and 210,000 years ago. As the analysis

of the glacial history progresses, these correlations will eventu-

ally be established or disproved, and should they be established

it is possible that similar correlations may be made between
events far more remote.

The studies of these several rhythms, while they have led

to the computation of various epochs and stages of geologic

time, have not yet furnished an estimate either of the entire

age of the earth or of any large part of it. Nevertheless, I

believe that they may profitably be followed with that end in

view.

The system of rock layers, great and small, constituting the

record of sedimentation, may be compared to the scroll of a

chronograph. The geological scroll bears many separate lines,

one for each district where rocks are well displayed, but these

are not independent, for they are labelled by fossils, and by
means of these labels can be arranged in proper relation. In
each time line are little jogs—changes in kind of rock or breaks
in continuity—and these jogs record contemporary events. A
new mountain was uplifted, perhaps, on the neighbouring con-
tinent, or an old uplift received a new impulse. Through what
Davis calls stream piracy a river gained or lost the drainage of a

tract of country. Escaping lava threw a dam across the course
of a stream, or some Krakatoa strewed ashes over the land and
gave the rivers a new material to work on. The jc^s may be
faint or strong, many or few, and for long distances the lines

may run smooth and straight ; but so long as the jogs are
irregular they give no clue to time. Here and there, however,
the even line will betray a regularly recurring indentation or

the period of the precession of the
equinoxes as referred to perihelion; but the perihelion is itself in motion.
As referred to a fixed star the prece.ssion of the equinoxes has an average
period of about 25,700 years.

Strictly speaking, 21,000 years
red to
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undulation, refleccing a rhythm and possibly significant of a

remote pendulum whose rate of vibration is known. If it can

be traced to such a pendulum there will result a determination

of the rate at which the chronograph scroll moved when that

part of the record was made ; and a moderate number of such

determinations, if well distributed, will convert the whole scroll

nto a definite time scale.

In other words, if a sufficient number of the rhythms embodied
in strata can be identified with particular imposed rhythms, the

rates of sedimentation under different circumstances and at

different times will become known, and eventually so many
parts of geologic time will have become subject to direct calcu-

lation that the intervals can be rationally bridged over by the

aid of time ratios.

For this purpose there is only one of the imposed rhythms of

practical value, namely, the precessional ; but that one is, in

my judgment, of high value. The tidal rhythm cannot be ex-

pected to characterise any thick formation. The annual is liable

to confusion with a variety of original rhythms, especially those

connected with storms. The rhythm of eccentricity, being
theoretically expressed only as an accentuation of the pre-

cessional, cannot ordinarily be distinguished from it. But none
of these qualifications apply to the precessional. It is not liable

to confusion with the tidal and annual because its period is so

much longer, being more than 2000 times that of the annual.

It has an eminently practical and convenient magnitude, in that

its phvMcal manifestation is well above the microscopic plane,

and yet not so large as to prevent the frequent bringing of

several examples into a single view. It is also practically

regular in period, rarely deviating from the average length by
more than the tenth part.

From the greater number of original rhythms it is distinguished,

just as from the annual and tidal, by magnitude. The practical

geologist would never confuse the deposit occasioned by a single

storm, for example, with the sediments accumulated during an
astronomical cycle of 20,000 years. But there are other original

rhythms, known or surmised, which might have magnitudes of

the same general order, and to discriminate the precessional

from these it is necessary to employ other characters. Such
characters are found in its regularity or evenness of period, and
in its practical perpetuity. The diversion of the mouth of a

great river, such as the Hoang Ho or the Mississippi, might
recur only after long intervals ; but from wh»t we know of the

behaviour of smaller streams we may be sure that such events

would be very irregular in time as well as in other ways. The
intervals between volcanic eruptions at a particular vent or in a

particular district may at times amount to thousands of years,

but their irregularity is a characteristic feature. The same is

true of the recurrent uplifts by which mountains grow, so far as

we may judge them by the related phenomena of earthquakes ;

and the same category would seem to hold also the theoretically

recurrent collapse of the globe under the strains arising from the

slowing of rotation. The carbon dioxide rhythm, known as yet

only in the field of hypothesis, is hypothetically a running-down
oscillation, like the lessening sway of the cradle when the push
is no longer given.

But the precessional motion pulses steadily on through the

ages like the swing of a frictionless pendulum. Its throb may or

may not be caught by the geological process which obtains in a

particular province and in a particular era, but whenever the

conditions are favourable and the connection is made, the record

should reflect the persistence and the regularity of the inciting

rhythm.

The search of the rocks for records of the ticks of the pre-

cessional clock is an out-of-door work. Pursued as a closet

study it could have no satisfactory outcome, because the printed

descriptions of rock sequences are not sufficiently complete for

the purpose ; and the closet study of geology is peculiarly

exposed to the perils of hobby-riding. A student of the time

problem cannot be sure of a persistent, equable sedimentary

rhythm without direct observation of the characters of the

repeated layers. He needs to avail himself of every opportunity

to study the series in its horizontal extent, and he should view

the local problem of original versus imposed rhythm with the

aid of all the light which the field evidence can cast on the con-

ditions of sedimentation.

Neither do I think of rhythm seeking as a pursuit to absorb

the whole time and energy of an individual and be followed

steadily to a conclusion ; but hope rather that it may receive

the incidental and occasional attention of many of my colleagues
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of the hammer, as other errands lead them among cliffs of bedded
rocks. If my suggestion, should succeed in adding a working
hypothesis or point of view to the equipment of field geolo-
gists, I should feel that the search had been begun in the
most promising and advantageous manner. For not only
would the subject of rhythms and their interpretations be ad-
vanced by reactions from multifarious individual experiences,

but the stimulus of another hypothesis would lead to the dis-

covery of unexpected meanings in straligraphic detail.

It is one of the fortuna'te qualities of scientific research that

its incidental and unanticipated results are not unfrequently of

equal or even greater value than those directly sought. Indeed,
if it were not so there would be no utilitarian harvest from the
cultivation of the field of pure science.

In advocating the adoption of a new point of view from which
to peer into the mysterious past, I would not be understood to

advise the abandonment of old standpoints, but rather to emu-
late the surveyor, who makes measurement to inaccessible

points by means of bearings from dififerent sides. Every inde-

pendent bearing on the earth's beginning is a check on other

bearings, and it is through the study of discrepancies that we are
to discover the refractions by which our lines of sight are warped
and twisted. The three principal lines we have now projected

into the abyss of time miss one another altogether, so that there

is no point of intersection. If any one of them is straight, both

the others are hopelessly crooked. If we would succeed we
should not only take new bearings from each discovered point of

vantage, but strive in every way to discover the sources of
error in the bearings we have already attempted.

THE RELATION OF STIMULUS TO
SENSA TION.

MOTHING has done more to place on a scientific footing

the discussion of the phenomena which the study of matter

and energy presents to the eye of reason, than the establish-

meut of a doctrine of quantitative equivalence. So much oxygen

and hydrogen, so much water ; this amount of energy of

chemical separation gone, that amount of sensible heat gained.

In a similar way, nothing is likely to do more to give support

to the hypothesis that sentience or consciousness is a concomi-

tant of certain physiological processes than the establishment of

a quantitative relation between stimulus and sensation.

It has, indeed, long been obvious that some general relation

of this kind holds guod. Increased physical pressure is, within

certain limits, increasingly felt ; more light gives a higher

degree of visual sensation ; the greater the amplitude of the

vibrations of a violin-string the fuller and louder the sound.

Such statements are, however, indefinite. We want to know-

how much the physical increase must be to give just so much
increment irt sensation. If we double the strength of the

stimulus, do we double also the strength of the sensation ? If

not, by how much do we increase it ? Ernst Heinrich Weber
sought to express the quantitative relation with some exactness ;

Gustav Theodor Fechner and other more recent inquirers have

built upon the foundations laid by Weber ; and a provisional

law of the relation of physical stimulus to felt sensation has

gradually gained wide acceptance.

Weber's classical experiments dealt with what is termed the
" least observable difference." If, for example, a weight of one

pound be laid upon the hand, it gives rise to a sensation of pres-

sure. If, now, an extra ounce be added no difference is felt, nor

is the added weight of two or of three ounces perceptible. The
sensation is not increased, and then only just perceivably in-

creased, till one-third of a pound is added. This,, then, is said

to be the least observable difference. We now start afresh with

a load of two pounds, and add, as before, one-third of a pound.

But there is no observable difference ; nor is there any felt in-

crease in sensation until two-thirds of a pound are added. Start-

ing once more with an initial load of three pounds, we find that

neither the addition of one-third, nor that of two-thirds of a
pound affords any observable difference in the sensation experi-

enced. A full pound must be added for the increment to be felt.

The least observable differences, therefore, are between

1 lb. and i -f ^ lb.

2 lb. „ 2 + 1 lb.

3 lb. „ 3 -H lb.

If, then, we extend and generalise the results of such experi-

ments, we find that, within certain limits^ to. obtain an orderly
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jries of just observable differences in sensation we must always
lid the same fraction—one-third of the weight—at each constant
;ep of the series.

Now Fechner assumed that these just perceivable increments
f sensation are all of the same value, or are constant ; in which
ise they form an arithmetical series—that is to say, one that

- produced by successive additions of the same amount. But
:.e corresponding series of stimuli are not in arithmetical pro-
tession, since the successive increments are not of the same
mount. The increase is, however, always by the same pro-
•rtional amount. Each successive stimulus has to be multi-

lied by a constant factor, \. The series, therefore, forms an
fderly sequence in geometrical progression.

.We thus reach what is known as the Weber-Fechner formula,
' which the relation of stimulus to sensation is expressed in

antitative terms. It may be thus stated :—To obtain an
jlthmetical series of sensations a geometrical series of stimuli
-required. To give the former, equal increments of sensation
added ; to obtain the latter we must multiply the successive
nuli by a constant factor.

[t must be admitted, however, that the results of a great
iber of carefully-conducted observations are by no means in

itisfactory accordance with this formula. Hering and his

pils have shown that for very small stimuli, lying near the
eshold of sensation, both stimulus and sensation increase very
irly pari passu in arithmetical progression. The Weber-
:hner formula cannot, therefore, at present be regarded as
jre than an approximation to the truth.

Jn extracting the Weber-Fechner formula from the data
"")rded by observations on the method of least observable
iference, it is necessary to piece together the results observed
jly and in succession. But from the nature of the field of
sion it is possible to obtain a series of increments of stimulus
lich shall afford a scale of sensation visible as a whole and at
glance. In the current number of the Psychological Review

io\. vii. No. 3, p. 217; I have published in detail the results
"an investigation "On the relation of stimulus to sensation
visual impressions," by which I have been led to suggest a
Kiification of the Weber-Fechner formula. Stripped as far
possible of technicalities, the method and results may be

re briefly described.

It is well known that if a disc with white and black sectors
rapidly rotated, the effect on the eye is a uniform grey. If

^ He white sectors are proportionally small, occupying, for
Example, only 5 per cent, of the disc, the effect is that of a very
dark grey ; if they are relatively large, occupying, say, 90 per
cent, of the disc, the effect is that of a very light grey. With
such sectors the same proportional amount of white is introduced
in all parts of the disc, so as to give in each case the same
shade of grey throughout its whole extent. But it is possible to
introduce varying proportions of white from centre to circum-
ference, and when this is done the rotating disc no longer
presents all over its surface the same uniform shade of grey,
but shows varying shades. Let us now endeavour to reduce
these varying shades to order. Let us arrange the proportions
of white stimulus which we introduce, in such a way as to leave
a ring of full black (with no white) at the circumference, and to
give a ring of full white (with no black) near the centre, and
between these extremes to obtain a perfectly smooth and even
gradation of shades of grey from one so dark as to be scarcely
distinguishable from black, to one so light as to be scarcely
distinguishable from white. We may then, when the disc is

rapidly rotating, run our eye from white near the centre,
through deepening and deepening grey, to black at the circum-
ference, with nowhere any observable jump in sensation

—

nowhere, so to speak, a steeper slope of change than elsewhere
;

as if, in fact, we were passing along a perfectly even inclined
plane of sensation from the lowest depth of black to the extreme
height of white. If we succeed in this—and it is by no means easy
of attainment—we shall have secured an arithmetical series of
sensation. From one end to the other we have at successively
equal distances constant increments of white sensation, just as in
ascending a uniform incline we gain equal increments of
height for every yard we progress towards our goal. This even
slope of sensation is produced by the juxtaposition of all the
least observable differences whose sum gives the full scale.
Having obtained this result we are able to ascertain, by careful
angular measurements of the proportional areas of white at
different parts of our disc, the exact amounts of stimulus which
are affecting the eye from these several parts. We may, for
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example, subdivide the area of the disc lying between the inner

white circle and the outer ring of black, by drawing nine con-
centric circles equidistant from each other, and at these nine

distances make angular measurements of the proportional

amounts of white to black ; and then, by plotting, sweep a
curve of stimulus through points representing these measured
amounts.
When these amounts are tabulated and dealt with by appro-

priate mathematical methods, it is found that they are not in

accordance with the Weber-Fechner formula. Nor does a disc

prepared in accordance with this formula give the smooth and
evenly-graded incline of an arithmetical series in sensation.

For details the reader may be referred to the paper in which the

observations and calculations are set forth. The accompanying
figure gives the results plotted in a curve on the graphic method.
The dotted steps indicate the nine measured increments. The
vertical distance of any point on the curve, measured from
below, upwards, gives the percentage of sensation. The hori-

zontal distance, measured from left to right, gives the corre-

sponding percentage of white stimulus. The law which results

from a discussion of these observations, and of others where red,

StirrLuliLS

m
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stimulus and sensation at ten stages between black and white.

A comparison of the last two columns will show the extent of

agreement between observation and calculation. The nurnbers

given under the head of stimulus are calculated on the basis of

the suggested law, the number 27 per cent, of stimulus, as the

concomitant of 50 per cent, of sensation, being taken over from

observation as a basis for calculation.

Although I venture to hope that the results of this investiga-

tion contribute something towards a solution of the problem,

still it will be seen that we have as yet by no means reached the

stage at which we can claim that a law expressing the quantita-

tive relation of stimulus to sensation is established beyond

question. But from the work of many observers we may at

least draw the conclusion that there is some well-defined rela-

tion, though its law at present eludes the grasp of our

generalisation. And this so far lends support to the doctrine

of concomitance.

There has been much discussion as to the true meaning of the

relation. Is it primarily a relation between physical stimulus

and physiological response, or between physiological response

and psychological concomitant ? In other words, is the law we
seek primarily a physiological or a psychological law? We

were only i '22 inch in diameter, and the length of the arms,
from the centre of cup to the spindle, only i -96 inch. The
author describes at length the whirling apparatus used in making
the experiments, and which had been previously used in the
year 1888, but in an enclosed space, instead of in the free air.

He points out that a whirling apparatus is absolutely necessary
for testing anemometers, because we have no other means of
accurately measuring the speed of the wind to which the instru-

ment is exposed, unless we employ for that purpose some other
anemometer, which must .itself be first tested. In the author's
view, the effect of using the whirler in the open air is to alter-

nately add to and subtract from the artificial wind resulting from
the steady motion of the whirler, so that the actual resultant
wind afifecting the anemometer acquires a gusty character which
is analogous to the conditions always existing in the free air, and
the artificial gusty wind thus secured affords a highly appro-
priate test-wind for anemometers that are to be used in the
open air. The apparatus employed is shown in a plate, which
we reproduce.

The arm, on the extreme end of which the anemometer is

placed, is 28 feet long, and is made to rotate either by hand-
power or by means of the engine used in the kite experiments.

Fig. I. —Whirling Machine and Driving Belt for Anemometer Tests.

cannot enter upon the discussion here. Attention may, how-
ever, be drawn to two facts .•—First, that Prof. Pfeffer claims to

have shown that the attractive influence of malic acid on the

spermatozoids of ferns is approximately in accordance with the

Weber- Fechner formula ; and secondly, that Dr. Augustus
Waller's researches on the excitation of muscle and nerve indi-

cate some such relation, though not exactly this relation,

between stimulus and physiological response. In view of these

facts it seems not improbable, therefore, that the relation may
prove to be primarily physiological. In which case we may
infer that sensation is directly proportional to the molecular

disturbance in the nerve-centres concerned.

C. Lloyd Morgan.

ANEMOMETER TESTS.
T^HE U.S. Monthly Weather Review for February contains
-* an important contribution by Prof. C. F. Marvin on ane-

mometer tests. The paper gives the results of a series of

experiments to determine the factor of an anemometer spe-

cially designed for use with kites at considerable altitudes in

the free air. For that purpose the anemometer has necessarily

Jo be very small and light, and in the present case the cups
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By hand-power any speed up to thirty-five miles an hour could
be obtained, and by the engine the velocity could be raised to

nearly sixty miles an hour. A good break-circuit seconds pen-
dulum clock was employed, in conjunction with an astronomical
chronograph, to record results, and the series of comparisons
appears to have been carried out with much care and com-
pleteness.

The experiments included a redetermination of the constants

for a "standard aluminium cup anemometer," in which the cups
were 4*07 inches in diameter, and the arms 6'65 inches in length.

This instrument had been used in the investigations of 1888, and
the values now obtained gave a slightly lower rate ofspeed of the

cups in a given wind than had been formerly deduced. But as

the differences did not exceed 2 per cent., it is fair to conclude
that, upon the whole, the agreement was satisfactory.

The author also points out that another result of the experi-

ments is to confirm a conclusion arrived at in 1888, viz. that an
anemometer with large cups, as compared with the length of the

arms, runs at a speed bearing a more nearly constant ratio to that

of the wind than an anemometer with relatively larger arms. In

the case of the .tsmall kite anemometer now investigated, the

factor is practically constant for velocities from ten to fifty

miles an hour, the extreme variation being only about i '5 per

cent.
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THE GREAT ALPINE TUNNELS}
"T^HE subject for this evening's discourse is that of the three
-* great tunnels through the Alps—viz. the Mont Cenis, the

St. Gothard, and that which is now in course of construction,

the Simplon.
Bui before dealing with the details of these particular works,

it will be desirable to consider what tunnelling is, and also

some of the more remarkable instances of it in bygone days.

One great drawback in connection with the subject

—

so far as a discourse is concerned—is its unsuitability for

the photographic art. Unlike a battleship, or a splendid

bridge, or a grand block of buildings which can be made into

fine views and pictures, the work of the mole is hardly adapted
to the sensitive plate. I therefore propose to make use of the
" language of the pencil," and to make a few rough sketches on
the blackboard : by these means I trust I may be able to ex-

plain some of the difficulties which have to be encountered, and
also show how a tunnel is constructed. The child's definition

of drawing, " first you think, and then you draw a line round
your think," will come to our aid.

The art of tunnelling dates back to very remote ages, and
there are records of such works which were constructed 500 to

600 years before the Christian era.

An interesting account is given by one of your most distin-

guished members, in an article in the '* Encyclopaedia

Britannica," of the tunnel under the river Euphrates at Babylon.

This city, similar in some respects to London, lay half on one
side and half on the other side of the river. High walls, pene-

Yig.l.

Cross Sectkot

oPthe

Aqueduct
oF EUPALINOS.

In the IslancC
of

SAMOS

trated by occasional gates, surrounded the city, and lined each of

the banks of the river. These gates (of which a pair of the
great hinges can be seen in the British Museum) were closed at

night and during war ; and a tunnel was constructed below the
bed of the river by means of what is technically known as the
"cut-and-cover" system. In those days the Greathead shield

was unknown, and consequently the river had to be diverted, so

t the excavation could be made in the dry bed and cut open
daylight, the arch being built, the ground restored, and the

allowed to resume its former course. The tunnel is said

have been 15 feet in width, and 12 feet in height, built of

k.

Herodotus gives an account of the diversion of the river

a great excavation or artificial lake forty miles square, and
tes that the besieging enemy, so soon as the water was drawn
entered into the city by the river bed. It is believed that

same excavation was made use of for the construction of the
nel. It is, however, desirable to state that doubts have been
own on the subject, and it is possible that it may have to be

relegated to mythology.
The next instance of a tunnel is that referred to by Herodotus

in the Island of Samos (" Herodotus," iii. p. 60) (see Fig. i), and
L^^^ is satisfactory to know that although very considerable doubts
^^^H^ere expressed as to the accuracy of his statements, recent in-

^^^•estigations prove that he was exactly correct. The description
^^Hiven by him, when expressed in English words and figures, is as

^^^k1 a discourse delivered at the Royal Institution on Friday, May 25, by
^^^nncis Fox, Mem. Inst.C.E. I
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follows : "They have a mountain which is 910 feet in height

;

entirely through this they have made a passage, the length of

which is 1416 yards. It is, moreover, 8 feet high, and as many
wide. By the side of this there is also an artificial canal, which
in like manner goes quite through the mountain ; and though
only 3 feet in breadth, is 30 feet deep. This, by the means of

pipes, conveys to the city the waters of a copious spring."

The commentators on this passage say that Herodotus must
have made a mistake, but the Rev. H. F. Tozer, in his book
"The Islands of the Mgt&n" p. 167, gives the results of a
personal visit.

He says the tunnel is 7 to 8 feet in width ; that two-thirds of

its width are occupied by a footpath, the other third being a water-

course, 30 feet deep at one end. He and other writers consider

that insufficient allowance was made for the fall of the water,

and that the water channel had to be deepened. To describe it

in more modern language, the resident engineer evidently made
a mistake in his levels, necessitating a much deeper excavation

than was at first anticipated.

Another, and if possible a more interesting, instance of tun-

nelling is that described in the Proceedings of the Palestine

Exploration Society, in connection with the Pool of Siloam,
made by Hezekiah, B.C. 710, 2 Kings xx. 20 (" Palestine

Exploration," 1882, p. 178). See Fig. 2.

About 710 B.C. a tunnel was driven from the spring to the
well—by actual tunnelling—the work being commenced at the

two ends, and by shafts, and the workmen met in the middle.

The tunnel was only 2 feet in width and 3 feet in height, ex-

cept at the probable point of meeting, where the height is 4 feet

6 inches. The length is 1708 feet, and there is a fall of i foot

in this distance. About the middle of its course there are

apparently two false cuts, as if a wrong direction had been

Fig. 2.

Plcuv ofTunnel front SprCrtgtoPool
of SiZoafrty.

(Not to scale.)

taken : but possibly these were intentional, and provided passing,

places for the workmen and material.

On the soffit of the tunnel is carved an inscription, of which
the following is a translation :

—

" Behold the excavation. Now this had been the history of
the excavation. While the workmen were still lifting up the

pick, each towards his neighbour, and while 3 cubits (4 feet 6
inches) still remained to cut through, each heard the voice of the

other, who called to his neighbour, since there was an excess of

rock on the right hand and on the left. And on the day of the

excavation the workmen struck each to meet his neighbour pick

against pick, and there flowed the waters from the spring to the

pool for a thousand two hundred culiits (1820 feet), and a
hundred cubits (151 feet) was the height of the rock over the

head of the workmen."
A Roman engineer gives an account of a tunnel which was

being driven under his directions for an aqueduct. And as he
was only able to visit the work occasionally, he describes how
on one of his visits he found the two headings had missed each

other, and he says that had his visit been deferred much longer

there would have been two tunnels.

The accurate meeting of the headings or driftways of a tunnel

can only be attained by the exercise of great care, both as

regards direction as well as level.

We need not go very far to find instances of such an error as

inaccurate meeting, but there is one well-known case on an im-

portant main line in the Midland Counties where the engineers

failed to meet, and to this day reverse curves exist in the tunnel

to overcome the difficulty.

To attain this accurate meeting fine wires are hung down the
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shafts of a tunnel, with heavy plumb-bobs suspended from them
in buckets of water, or of tar, to bring their oscillations to rest

;

the accurate direction being given by means of a theodolite or

transit instrument on the surface.

The wires are capable of side movement by means of a delicate

instrument, and are gradually brought exactly into the same
vertical plane : hence, if they are correct at " bank," or surface,

they must also be correct below ground. The engineers below
have to drive the galleries or headings so that only one wire is

visible from their instrument : so long as one wire exactly

eclipses the other wire, the gallery is being driven in the right

direction.

As regards accuracy in levels, this is done by ordinary level-

ling ; but it will be seen at once how much depends on care
being devoted to both these operations.

tunnel, notwithstanding every precaution being taken, all the
men engaged in driving the drainage heading by means of a
tunnelling machine have died ; and in the case of the first

Vyrnwy tunnel crossing of the River Mersey—driving by Great-
head shield under pressure—the mortality was great.

Having explained in very general terms some of the difficul-

ties of tunnel construction, we will proceed to the case of the
great tunnels through the Alps, and for the purpose of rendering
the subject more easily intelligible, the following particulars
may be given :

—

Fig. 3. Plan

Mg^^

. , nf Tunnel as required
ItrUJ'L t- ~

Assume two shafts, iocxd yards apart, between which a gallery

has to be driven ; and, allowing a distance of lo feet between
the wires, which are fV'^'^ inch in diameter, an error of the

diameter of the wire at the shaft will cause a mistake of nearly

4 inches at the point of meeting, or of 7^ inches if a similar

error occurs at the other shaft in the opposite direction. The
trickling of water down the wires increases their diameter so

appreciably, and therefore conduces to further inaccuracy, that

it is found necessary to fix a small shield or umbrella on the

wire to deflect the water.

Some years ago, a tunnel which had been commenced, but

not finished, had to be completed. The first thing to be done
by the engineers was to make an accurate survey of the then

condition of the work—this rough sketch (see Fig. 3) indicates

what was discovered. The explanation

given by the former "ganger" was, that

he found the rock too hard, and he thought

that by bearing round somewhat to the

right, he might get into more easily exca-

vated material !

When the wires are hung down the shaft

it'is sometimes almost impossible to prove

that they are not touching, and conse-

quently being deflected from the true

vertical line by some rope or pipe, staging

or timber in the shaft. To overcome this,

an electrical current was passed down the

wire— a galvanometer being in circuit. If

the wire proved absolutely silent, and no
deflection was obtained in the galvano-

meter, the conclusion could be safely drawn
that the wire was hanging freely and
ttuly.

In driving the necessary adit or heading

for drainage purposes beneath a sub-aqueous

tunnel, a rising gradient from the shaft

bottom of I in 500 is allowed, to enable

the water at the " face" to flow away from

the workmen to the pumps in the " sump "

or shaft botom (see Fig. 4).

When the heading is driven sufticiently forward to justify the

commencement of the main tunnel, a fresh difficulty presents

itself. This main tunnel has to be driven down hill, and con-

sequently the water collects at the working face A : the bottom
cannot therefore be removed until a bore-hole is put down from

A to a. When this is done the remaining excavation can be

taken out, and a further length of tunnel driven to B. A bore-

hole is now sunk from B to d, whilst that from A to a can be

plugged up : and thus the tunnel is gradually advanced.

By the adoption of the Greathead shield much of this diffi-

culty can be avoided ; but one sub-aqueous tunnel through
water-bearing strata, at considerable depth, is sufficient for a

lifetime.

As an illustration of the danger to which men are exposed in

such work, it is stated, with much regret, that in a certain
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Length of tunnel in

miles

North or east portal

above sea-level, feet

South or west portal

above sea-level, feet

Highest level

Maximum grade in

tunnel per icxx) ...

Maximum height of

mountain above tun-

nel, feet

Possible maximum
temperature of rock,

deg. Fahr

9-3

3639

3757
3788

5-82

5598

85°

Mont Cenis
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air, fresh water, a telephone in each direction out, a medicine
chest, barometer and thermometer.
The cost of the tunnel was about 3,000,000/., or 220/. per

yard, and occupied ten years in construction.

The temperature in the middle of the tunnel remains nearly
constant, summer and winter, and is about 19° to 20° C. = 66°

to 68° Fahr.

The altitude of the tunnel is 4248 feet above sea-level, and
the height of the mountain above the tunnel is 5428 feet : the
temperature of the rock is greatly influenced by this latter fact.

The question of the temperature of the rocks passed through
in the construction of a tunnel is one of great interest, as it

depends upon several conditions : (i) the character of the rock ;

Fig. 5.

2000

800

MC MOUNTAIN AaOVI / /
HE SIMPLON TUNNIL / /

MONT CENIS^'^:' ARLBERa

GOTMARD^

•00

CVBVES SHOWING DEPTHS C0BBE8P0ND-

lua TO AN Increase in Temperature
OP 1° C. FOR THE Mont Cenis,

Gothard and Arlberg Tunnels.

(With curve of probable temperature for the Simplon Tunnel.)

(2) the inclination of the beds—those which attain a vertical or

nearly vertical position being less able to confine the heat than
those which are more or less horizontal

; (3) the height of the

mountain above the tunnel, or in other words, the thickness of

the blanket.

A diagram is shown (Fig. 5), giving the temperature actually

encountered in the St. Gothard and Arlberg Tunnels, and from
these, aided by the carefully prepared geological section along
the centre line of the Simplon Tunnel, an approximate line is

given of the temperatures which are expected.
The possibility of cooling the rocks and the air of the tunnel

will be dealt with later on, but there is in addition a permanent
lowering of the temperature after the tunnel is complete,
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particulars of which will be given under the description of the
St. Gothard.

For each 144 feet of superincumbent rock or earth the increase

is found to be 1° Fahr.

The St. Gothard Tunnel.

This, which is at present the longest railway tunnel in the
world, is 9*3 miles in length, and constitutes the summit of the
"Gothard bahn," that is, the railway which runs from Lucerne
to Chiasso near the Italian frontier.

The altitude of the tunnel at its north portal is 3639 feet, and
at its south portal 3757 feet above the sea. A gallery of direc-

tion was driven throughout, and the gradient of the rails is only
such as to provide for efficient drainage, viz. 5*82 per thousand,
or about i in 172.

The following table may be of interest, giving the result of

investigations as to the cooling of the rocks.

Temperature of the Rock in the St. Gothard
Tunnel.
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A heavy train of dining and sleeping carriages, with two
engines, conveying one of the crowned heads of Europe and
suite, arrived at the exit of Pracchia Tunnel with both engine-

men and both firemen insensible ; and in other cases passengers

have been seriously affected.

Owing to the height of the mountain no shafts are available

;

but Signor Saccardo places a ventilating fan near the mouth of

the tunnel, and blows air into it through the annular space
which exists between the arch of the tunnel and the gauge of

maximum construction (Fig. 6). The results are remarkable ;

the volumes of air thrown into the tunnel per minute being as

follows :

—

cub. ft.

Direct from the fan 161,860
Induced draught through open tunnel mouth 48,140

Total 210,000

Or 100 cubic metres per second.

The temperature of the tunnel air before the fan was started

was 107° F., with 97 per cent, of moisture, whereas, after the

fan had been running a few minutes the temperature was 81° F.,

or a lowering of 26" F., and the tunnel was cool and free from
smoke and vapour.

Fiiji. 6.

The Saccardo System ot Ventilating Tdnnels.

One can travel through with both windows open and feel no
inconvenience, the only remark of the brakesman riding on the

top of the waggons and carriages being that he finds it almost
too cold.

This application is without doubt the solution of the difficult

problem of tunnel ventilation under high mountains, and else-

where where shafts are not available, and where electric traction

is not applicable.

This system has within the last twelve months been brought
into operation on the St. Gothard, with the most satisfactory

results. Careful experiments are being made, but there is no
doubt that the problem has been solved.

In addition to these tunnels, the Saccardo system has been
applied to the Giovi Tunnel near Genoa—3300 metres in

length—and is being installed on the Giovi Tunnel on the

Genoa-Ronco Railway, 8303 m.etres in length, besides on some
seven other tunnels in Italy ; and plans are being prepared for

the Mont Cenis.

The Simplon Tunnel.
This tunnel is now in rapid course of construction, the

total length of gallery driven up to the end of April being as

follows :
—

yards

. 3228
• 2350

Or over three miles in little more than eighteen months, in-

cluding the necessarily slow progress at the commencement.
The total distance between the two portals will be 21,564

yards, or 12 26 miles. A gallery of direction has been driven

at both ends until the actual tunnels are reached, so as to form

On the north or Brigue side of the Alps
On the south or Iselle
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a directly straight line for the accurate alignment of the work
from end to end.

This great undertaking will consist of two single-line tunnels
running parallel one to the other, at a distance apart from centre
to centre of 55 feet 9 inches ; and one of the chief features is the
much lower altitude of the rails above sea-level than any of the
other Alpine tunnels. This altitude is at its highest point 2314
feet, being 1474 feet lower level than that of the St. Gothard,
1934 feet lower than that of the Mont Cenis, and 1986 feet than
that of the Arlberg. This is a matter of great importance in the
question of haulage of all the traffic.

The tunnel enters the mountain at the present level of the
railway at Brigue, so that no costly approaches are requisite on
this side.

Admirable arrangements have been made for the welfare of
the men, to avoid the heavy death-rate which occurred on the
St. Gothard, and it may be interesting to state what some of.

these are. For every cubic foot of air sent into the latter tunnel,
fifty times as much will be delivered into the Simplon. Special
arrangements are made for cooling the air by means of fine jets

of water and spray.

The men on emerging from their work, wet through and
fatigued, are not allowed to go fiom the warm headings into the
cold Alpine air outside, but pass into a large building which is

suitably warmed, and where they change their mining clothes
and are provided with hot and cold douche baths. They put on
warm dry clothes, and can obtain excellent food at a moderate
cost before returning to their homes. Their wet and dirty
mining clothes are taken charge of by appointed custodians, who
dry and clean them ready for the morrow's work. These and
other precautions are expected to reduce the death-rate to a very
great extent.

With a view to the rapid advancement of the work, the late

M. Brandt, whose death is greatly to be deplored, devised after

liis long experience on the St. Gothard his now well-known
drill. As details of this have been published, and as they would
lie too technical for this evening's discourse, it will only be
necessary to refer to them briefly. This drill is non- percussive,
nor is it armed with diamond. It is a rotatory drill 3 inches in

diameter with a pressure on the cutting points of 10 tons moving
at slow speed, but capable of being acclerated at pleasure, and
of being rapidly withdrawn.
The progress of each of the two faces during the month of

April last has averaged 17 feet 34 inches per day, and is a
remarkable corroboration of the speed estimated by the
i-ngineers four years ago. The estimate was as follows :

—
I at year, the daily progress at each face would be ... 8 '85 feet

2nd ,, ,, ,, ,, ,, ... 17-22 ,,

3rd ,, ,, ,, ,, ,, ... 19-18 ,,

4th „ „ ,, „ ,, ... 21-32 „
5ih „ ,, „ ,, „ ... 3I-X6 „

The work is now in its second year, so that the estimated
speed is being exceeded. In other words, the tunnel is being
driven through granite at a higher speed than is attained in

London clay.

It was at one time intended to sink a 20-inch bore-hole from
the village of Berisal to the tunnel, a depth of some 2400 feet,

for the purpose of delivering water at high-pressure for the

works. This may still be done, but the meandering of the tool

might result in the awkward dilemma of having to search for it,

in solid rock, below ground.

The probable cost of the work now in hand will be about
2,000,000/., and the time occupied in completing the tunnel

ready for traffic is estimated to be S| years, a penalty or a

bonus, as the case may be, for delay or acceleration being fixed

at 200/. a day.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

0.\FORD.—The following is the text df the speech with which
Prof. J. Mark Baldwin, professor of psychology in Princeton

University, was presented for the degree of D.Sc. honoris causa.

This is the first time the degree has been conferred in Oxford,

it having been created only quite recently. The speech was
written by Mr. A. C. Clark, of Queen's College, and Prof.

Baldwin was presented by Prof. E. B. Elliot, F.R.S., in the

absence of Prof. Love, F.R.S., who would in the ordinary
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course have officiated, being the occupant of the oldest scientific

chair in the University :

Adest Jacobus Marcus Baldwin, Academiae de Princeton

Graduatus, vir Psychologiae peritissimus. Cujus laudes ut

brevissime complectar, primo Psychologiae Professor in Aca-

demia de Toronto creatus Psychologiae Experimentalis labora-

torium, quod solum adhuc in Academiis Britannicis exstat,

instituit, mox ad suam almam matrem reversus in Academia de

Princeton Psychologiae Professor factus est. Libri etiam lucu-

lentissimi auctor est de ortu et incremento intellegentiae cum in

infantibus turn in genere hominum universe, quem summa laude

a viris doctis ubique ornatum Academia Havniensis numismate
aureo donavit : idem ephemeridis praestantissimae apud
Americanos res psychologicas tractantis diu editor, nunc grande
Philosophiae et Psychologiae Abecedarium sub prelo nostro

cxcudendum curat. Quo in labore doctissimi cujusque in hoc
genere scriptoris opera utitur cum in America turn in Europa,

quo in numero Praelector noster VVildianus dux est et fere

signifer. Valde, nisi fallor, Academiae nostrae auram redolebit

hoc volumen tot Oxoniensium sive sub nostro caelo, sive sub

externo degentium, opera diligentia doctrina exquisita ornatum.

(^uod vero primus Scientiae Doctor in Academia nostra

creatus tantam in Psychologia laudem adeptus sit, felicissime

profecto accidit, cum adhuc frigere apud nos hujus doctrinae

studium externis videatur. Utinam hunc talem virum plurimi

ejusdem laureae avidi longo ordine secuturi sint.

Illam vero insignem benevolentiam praetermittere non possum
Academiae de Princeton, quae plurimos, qui in hac nostra

Academia laude summa floreant ac floruerint, gradibus honoris

causi conferendis libentissime auxerit. Cujus liberalitatis non
immemor maximo cum gaudio ego hunc virum doctissimum,

Academiae suae vivum exemplar, vobis ornandum trado.

The speech delivered by Prof. Love on the occasion of the

presentation of Prof. C. F. Chandler, of Columbia College, for

the degree of D.Sc. honoris causa, was as follows :

—

Adest Carolus Fredericus Chandler, chemire professor apud
Americanos, cuius fama extra fines patri^ suse iam dudum
pervagata est. Hie apud suos litteris humanioribus primo
imbutus, dein chemiiie deditus doctrine amplioris appetens ad
Germanorum fontes accessit. Ibi doctissimi cuiusque viri, cum
in.Berolinensi Academia, tum in Gottingensi discipulus, Philo-

sophice Doctor et Magister Artium apud Gottingenses creatus

est. Ex hoc curriculo ad solum suum reversus in Academia de

Schenectady primo vicarius erat Professoris optimi, Caroli Joy,
dein hoc summo viro ad Academiam de Columbia avocato, ipse

Professor factus septem annos de omni chemise genere, de agris

K-etificandis, de metallorum ratione, de geologia magnum
discipulorum gregem praeclare docebat. Ita laudem insignem

adeptus ipse Columbiam arcessitus, ubi scholse metallorum novo
exemplo instituendse imprimis auctor erat, tres et triginta annos
in omni rerum administratione florebat. Per hoc grande
mortalis sevi spatium omne genus chemia; felicissime tractavit :

idem rude iam donatus a laboribus officiosis nondum recessit sed

iuniorum studia adhuc informat. Neque hoc loco silendum
arbitror quod huius precibus commoti fratres Havermeyeri, Novi
Eboraci cives ornatissimi, aulam pulcherrimam, chemite sedem,
?edificaverunt : Musrei etiam rebus omnibus, quse ad chemiam
pertinent, refertissimi ipse auctor est et conditor. Sex et

viginti abhinc annos magna chemicorum frequentia ad Doctoris

Priestly sepulchrum confluente, ut chemise inventorem rite

salutarent et post centesimum iam annum scientise suze natalem
diem celebrarent, ipse conventus Prceses erat : Societas autem
chemicorum Americanorum, quse ex illo coetu orta est, hunc bis

Prsesidem soepe vicePrsesidem et curatorem habuit. Sodalicii

etiam chemicorum, qui Novi Eboraci degunt, Prseses est

:

hortorum etiam publicorum peritissimus Curator. Idem
civitatis sure personam gerens maximo medicorum conventui
liavnise interfuit, qui ab omni terrarum orbe missi de valetudine

civium conservanda qusererent.

Dies mehercule me deficeret si doctissimi viri tot labores

enumerare conarer. Ilium consulunt populares sui de porcorum
fibra unaquaque in qui^stum convertenda, de silvis rei navalis

causa conservandis, de veneno si quod in vino vel in cervisia

delitescat detrahendo, de argentariorum chartulis imperviis aquse

et madori reddendis, de oleo e vivis fontibus scaturiente pur-

gando, de plateis igneo vapore noctu illuminandis, de mercibus
linteis candore eximio nivem superantibus, de omni re quse ad
utilitates, oblectamenta, lucrum denique civium pertinet.

Ut omittam honoresquos Academia Gottingensis iuveni dedit,
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Doctor Medicinne ab Academia Novi Eboraci, Litterarum etiam

Doctor ab Academia sua Columbiensi factus est : neque solum

domi clarus est, sed ubicunque terrarum viri docti, chemise

dediti, inveniuntur, hunc sodaliciis et societatibus suis libentis-

sime adsciverunt. Restat ut Academia nostra hoc summo viro

in gremium suum accepto suas laudes augeat.

At a meeting of the Council of the Birmingham University,

held on Tuesday, the following letter, received from Lord
Calthorpe by Mr. Chamberlain, was read :—" Dear Mr.
Chamberlain,—My son and myself beg to offer to the University

of Birmingham about twenty-five acres of land on the Bourne-

brook side of the Edgbastonestateasa site for the new scientific

department of teaching and research which it is proposed to

establish. There will of necessity be certain conditions, but these

will occasion no difficulty.—Yours very truly, Calthorpe."—
It was proposed by the Vide-Chancellor, seconded by Sir James
Smith, and unanimously resolved :

—" That this Council desires

to express to Lord Calthorpe and to the Hon. Walter Calthorpe

its high appreciation of their generosity in offering to present

twenty-five acres of land to the University of Birmingham as a

site for the new scientific department. In gratefully accepting

the offer, the Council recognises, not only the value, ot the gift,

but the suitability of the site, which enables it to establish

the new department in closer proximity to the centre of

the city than would have been possible under any other

circumstances."

The Reports and Prospectuses of Technical Schools, which

come under our notice from time to time, show unmistakably

that increased provision is being made for practical work in science,

and that teachers who have had the advantage of instruction in

well-equipped laboratories are in charge of the work. The
Municipal Science, Art, and Technical Schools of Plymouth is

a case in point. These schools were erected by public subscrip-

tion as a memorial of the Queen's Jubilee, and on their completion

were handed over by the Jubilee Memorial Committee to the town.

In the day school department the work is that of the Advanced
Section of a " School of Science," that is to say, of 'a secondary

school giving instruction in mathematics, mechanics, physical

science, English subjects, French and drawing. There is a

laboratory for practice in both chemistry and physics, and for

manual instruction in woodwork. Both day and evening classes

are held in many science subjects, and , pupils whose elementary

education is completed may take a two years' course of training

in such subjects as will best fit them to become chemists, archi-

tects, civil, mechanical, or electrical engineers, or to engage in

industrial work of any kind. The increase of institutions of

this kind will be the salvation of our national welfare.

From the Northampton Institute, one of the youngest of the

London Polytechnics, we have received a prospectus of courses

in mechanical engineering, electrical engineering, and horo-

logical engineering which have just been introduced. The
syllabuses of the courses are admirable, and, with the notes

upon the (objects and character of the work, they indicate that Dr.

R. M. Walmsley, the principal, believes in the value of scientific

instruction. Students who desire to take up these engineering

courses must first show that they are capable of benefiting from

it by passing an entrance examination. English and elementary

mathematics are obligatory subjects, and we are glad to see that

it is not proposed to make the latter a test of ability to perform

mathematical gymnastics. The following extract from the pro-

spectus is worth quoting:—"In 'Elementary Mathematics'

the examination will aim at ascertaining the candidate's

familiarity with simple arithmetical, algebraical and geometrical

methods and their application so the solution of ordinary^

common-sense problems. In arithmetic this will include the

use of decimals and abbreviated methods of calculation, with the

usual problems of mensuration, including the volumes and

surfaces of c>linders, spheres and right cones. In algebra the

usual course as far as simple simultaneous equations will be in-

cluded, but the more academic parts of the subject will not be

required. The geometry will include the subjects treated in

the first two books of Euclid, with some exercises in the accurate

drawing of geometrical figures." The Institute has numerous

laboratories and workshops for practical work in mechanics,

engineering, metal and woodwork, electrical engineering,

physics, electro-chemistry, metallurgy, and instrument making.

The attention given to horological theory and mechanism, and
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horological technology, is a noteworthy characteristic. The
courses of work in this as well as the other subjects show that

sound instruction in the principles and practice of the chief

branches of engineering can be obtained at the Institute.

SCIENTIFIC SERIALS.

American Journal of Science, July.—Energy of kathode rays,

by W. G. Cady. This is a translation of a paper already

published in the Annalen der Physik.—Volcanic rocks from
Temisconata Lake, Quebec, by H. E. Gregory. The volcanic

rocks consist of fine tuff and coarse amygdaloidal conglomerate

or breccia. They are interbedded with Niagara sediments, and
this helps to determine the time when widespread volcanic

activity gave rise to the numerous small areas of tuffs and lavas in

the Maine-Quebec region.—Interpretation of mineral analyses,

and a criticism of recent articles on tne constitution of tour-

maline, by S. L. Penfield. It is safe to assume that the close

approximation of atomic ratio to whole numbers constitutes the

strongest argument that can be advanced in support of the

excellence of an analysis and to correctness of the derived

formula. The author criticises the formulae proposed by Clarke
and Tschermak, and maintains that it is definitely proved that

the empirical formula of the tourmaline acid is 11206281402].

—

Carboniferous boulders from India, by B. K. Emerson. The
author describes and illustrates some striated carboniferous

boulders which remove the doubt as to the former existence of a
carboniferous glacial period.—The statement of rock analyses,

by 11. S. Washington. The author proposes a regular system
of stating the results of the chemical analysis of rocks. The
oxides are to be enumerated in the following succession : Si02,

AljOa, FejO, FeO, MgO, CaO, NaaO, Kp, H.p, COj, and
then the rarer oxides, also in definite succession. This will

enable the geologist to classify the rocks in a purely chemical
system and to pick them out at a glance. They can be advan-
tageously entered upon a card catalogue.—A string alternator,

by K. Honda and S. Shimizu. The authors describe a modifi-

cation of Pupin's string interrupter by means of which a

continuous battery current can be converted into an alternating

current the frequency of which can be readily varied from 30 to

1000 per second.—Action of light on magnetism, by J. H. Hart.

The author failed to obtain the demagnetisation of iron by light

SCtiiig magnetically like an alternating current, until he adopted
the expedient of depositing very fine iron films on glass. He
then noticed a small but distinct difference in the magnetic state

of the iron according to the plane of polarisation of the incident

light.

Bollettino delta Societa Sismologica Italiana, vol. vi. 1900-
1901, N. I.— Rules and list of fellows (forty-three national and
thirteen foreign).—Vesuvian notices (year 1899), by G. Mercalli.

A monthly review of the condition of Vesuvius, with sections on
the form and state of the crater, the end of the eruptive phase
of 1895-1899, the lavic cupola of 1895-1899, the supposed en-

dogenous elevation of the lavic cupola, and the fumaroles of the

lavic cupola and fracture.—On the nature of seismic vibrations,

by M. P. Rudski (in French). The author contends that super-

ficial, and probably deep-seated, rocks are not isotropic media,
and that earthquake waves consist of vibrations which are not
entirely longitudinal or entirely transversal.—Notices of earth-

quakes recorded in Italy (January i to March 14, 1896), by A.
Cancani, the most important being the Mexican earthquakes of

January 14 and 25, the Greek earthquake of January 22, and
distant earthquakes on January 6, 22, and March 7.

SOCIETIES AND ACADEMIES.

London.

Royal Society, May 17.—" The Circulation of the Surface
Waters of the North Atlantic Ocean." By H. N. Dickson, B.Sc.
Communicated by Sir John Murray, K.C.B., F.R.S.

_
In this paper an attempt is made to investigate the normal

circulation of the surface waters of the Atlantic Ocean north of
40° N. lat., and its changes, by means of a series of synoptic
charts showing the distribution of temperature and salinity over
the area for each month of the two years 1896 and 1897.
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The principal conclusions arrived at with reference to the
circulation may be summed up as follows :

—

( 1

)

The surface waters along the whole of the eastern seaboard
of North America north of (about) lat. 30° N. , consisting partly
of water brought from the equatorial currents by the Gulf
Stream, and partly of water brought down by the Labrador
current, are drifted eastward across the Atlantic towards south-
western Europe, and banked up against the land outside the
continental shelf. This continues all the year round, but it is

strongest in summer, when the Atlantic anti-cyclone attains its

greatest size and intensity ; and the proportion of Gulf Stream
water is greatest at that season.

(2) The drifts in the northern part of the Atlantic area are
under the control of the cyclones crossing it. The circulation

set up accordingly reaches its maximum intensity in winter, and
almost dies out in summer. In winter the drifts tend to the
south eastward from the mouth of Davis Strait, eastward in mid-
Atlantic, and north-eastward in the eastern region. In spring
and autumn the movement is more easterly over the whole
distance, and a larger quantity of water from the Labrador
stream is therefore carried eastward.

(3) The water banked up in the manner described in (i)

escapes partly downwards, partly southwards, and partly north-

wards. It occupies the whole of the eastern basin of the North
Atlantic, and to the north it extends westward to Davis Strait,

being confined below 300 fathoms depth by the ridges connecting
Europe, the Faeroes, Iceland, and Greenland. Above that

level it escapes northward by a strong current through the

Faeroe-Shetland Channel and between Faeroe and Iceland,

and by the two branches of the Irminger stream, one west of

Iceland the other west of Greenland.
(As it seems desirable that this northerly current should have

a distinctive name, it might be well to call it the European
stream, and its branches the Norwegian, Irminger, and Green-
land streams respectively.

)

The strength and volume of the European stream is liable to

considerable variation, according to the form and position of the

Atlantic anti-cyclone, which causes the amount of banked up
water, and the proportions escaping northward and southward,

to vary. It is also modified by the strength and direction of

the surface drifts in its course. It is, however, always strongest

in summer.

(4) The Norwegian stream is by far the largest branch of the

European, and it traverses the Norwegian Sea and enters the

Arctic Ocean. The warm water thus sent northward melts

enormous quantities of ice, and the fresh water derived from the

ice moves southward in autumn, chiefly in a wide surface current,

between Iceland and Jan Mayen, which may entirely cover other

parts of the Norwegian stream. Part of the surface water also

comes southward through the Denmark Strait, but the amount is

much smaller, probably chiefly because the melting of the ice is

slower, and the channel is longer blocked.

The Greenland branch of the European current also causes

melting of ice in Davis Strait, but the warm winds from the

American continent and the water received from the land are

probably more effective in increasing the volume of the Labrador
current.

(5) The water from the melted ice is spread over the surface

of the North Atlantic during late autumn and winter by the

increasing drift circulation, and it is gradually absorbed by
mixing with the underlying water.

(6) The circulation described is liable to extensive irregular

variations, corresponding to variations in the atmospheric

circulation.

May 31.
—"Influence of the Temperature of Liquid Hy-

drogen on Bacteria." By Allan Macfadyen, M.D., and Sydney
Rowland, M.A. Communicated by Lord Lister, P. R.S.

In a previous communication we have shown that the temper-

ature of liquid air has no appreciable effect upon the vitality of

micro-organisms, even when they were exposed to this temper-

ature for one week (about -190° C). (J^oy. Soc. Proc,
February i ; ibid.^ April 5.)

We have now been able to execute preliminary experiments

projected in our last paper as to the effect of a temperature as

low as that of liquid hydrogen on bacterial life. As the

approximate temperature of the air may be taken as 300"

absolute, and liquid air as 80° absolute, hydrogen as 21"

absolute, the ratio of these temperatures roughly is respectively

as 15 : 4: I. In other words, then, the temperature of liquid
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hydrogen is about one-quarter that of liquid air, just as that of
liquid air is about one-quarter of that of the average mean
temperature. In subjecting bacteria, therefore, to the tempera-
ture of liquid hydrogen, we place them under conditions which,
in severity of temperature, are as far removed from those of
liquid air as are those of liquid air from that of the average
summer temperature. By the kindness of Prof. Dewar, the
specimens of bacteria were cooled in liquid hydrogen at the
Royal Institution. The following organisms were employed :

Bac. acidi lactici, B. typhosus, B. diphtheriae, Proteus vulgaris,

B. anthracis, B. colt communis. Staphylococcus pyogenes aureus,
Spirillum cholerae, B. phosphorescens, B. pyocyaneus, a Sarcina
and a yeast.

The above organisms in broth culture were sealed in thin

glass tubes and introduced directly into liquid hydrogen con-
tained in a vacuum jacketed vessel immersed in liquid air.

Under these conditions they were exposed to a temperature of

about -252 C. (21° absolute) for ten hours. At the end of the
experiment the tubes were opened, and the contents examined
microscopically and by culture. The results were entirely

negative as regards any alteration in appearance or in vigour of
growth of the micro-organisms. It would appear, therefore,

that an exposure of ten hours to a temperature of about - 252° C.
has no appreciable effect on the vitality of micro-organisms.
We hope to extend these observations on the influence of the

temperature of liquid hydrogen on vital phenomena, and to

make them the subject of a future communication, and to discuss
their bearing upon problems of vitality.

June 21.— '

' On the Viscosity of Gases as affected by Tempera-
ture." By Lord Rayleigh, F.R.S.
A former paper ^ describes the apparatus by which I examined

the influence of temperature upon the viscosity of argon and
other gases. I have recently had the opportunity of testing, in

the same way, an interesting sample of gas prepared by Prof.
Dewar, being the residue, uncondensed by liquid hydrogen, from
a large quantity collected at the Bath springs. As was to be
expected,^ it consists mainly of helium, as is evidenced by its

spectrum when rendered luminous in a vacuum tube. A line,

not visible from another helium tube, approximately in the
position of D, (Neon) is also apparent.^
The result of the comparison of viscosities at about 100° C.

and at the temperature of the room was to show that the tem-
perature effect was the same as for hydroqen.

In the former paper the results were reduced so as to show to
what power («) of the absolute temperature the viscosity was
proportional.

«. c.

Air 0754 ... III-3
Oxygen 0782 ... 128-2
Hydrogen V /-o

Helium / °68i ... 72-2

Argon 0815 ... 150-2

Since practically only two points on the temperature curve
were examined, the numbers obtained were of course of no
avail to determine whether or no any power of the temperature
was adequate to represent the complete curve. The question
of the dependence of viscosity upon temperature has been
studied by Sutherland,* on the basis of a theoretical argument
which, if not absolutely rigorous, is still entitled to considerable
weight. He deduces from a special form of the kinetic theory
as the function of temperature to which the viscosity is pro-

Ivrtional

7^716 (^)'

J
Roy. Soc. Proc, vol. Ixvi. (1900), p. 68.

J
Roy. Soc. Proc, vol. lix. (1896), p 207 ; vol. Ix. (1896), p. 56.

'I speak doubtfully, because to my eye the interval from Di to D3
(hehum) appeared about equal to that between D3 and the line in question,
whereas, according to the measurements of Ramsay and Travers (,Koy. Soc.

^^^ Proc., vol. Ixiii., 1898, p. 438), the wave-lengths are :

\^^ ^2 5889-0

f^^ D3 5875-9
D5 5849-6

o that the above-mentioned intervals would be as 19-1 : 26-3 [June 23.—
Mibscquentobservations with the aid of a scale showed that the intervals
ilKJve spoken of were as 20 : 21. According to this the wave-length of the
line seen, and supposed to correspond to Dg, would be about 5855 on
Rowland's scale, where Di = 5806-2, 02=5890-2, 03 = 5876-0.] I may
record that the refractivity of the gas now under discussion is 0-132
relatively to air.

* Pkil. Mag., vol. xxxvi. (1893), p. 507.
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c being some constant proper to the particular gas. The simple

law e*, appropriate to " hard spheres," here appears as the

limiting form when 9 is very great. In thife case, the collisions

are sensibly uninfluenced by the molecular forces which may act

at distances exceeding that of impact. When, on the other

hand, the temperature and the molecular velocities are lower,

the mutual attraction of molecules which pass near one another
increase the number of collisions, much as if the diameter of the

spheres was increased. Sutherland finds a very good agreement
between his formula (i) and the observations of Holman and
others upon various gases.

If the law be assumed, my observations suffice to determine
the values of c. They are shown in the table, and they agree
well with the numbers for air and oxygen calculated by Suther-

land from observations of Obermayer.

" Underground Temperature at Oxford in the Year 1899, as

determined by Five Platinum Resistance Thermometers." By
Arthur A. Rambaut. M. A, D.Sc, Radcliffe Observer. Com-
municated by E. H. Griffiths, F.R.S.

Royal Microscopical Society, June 20.— Mr. Carruthers,
F.R.S., President, in the chair.—Mr. G. H. J. Rogers exhi-

bited a modification of the Rousselet compressor, in which two
thin indiarubber bands, sunk into grooves, were employed to

keep the cover-glass in position, instead of having it cemented,
the advantage claimed for this modification being the facility

with which a broken cover-glass can be replaced.—Mr. Chas.
Baker exhibited an achromatic substage condenser which was a
modification of Zeiss's model of the Abbe condenser, the N.A.
being I -Q, aplanatic cone 90°, lenses 1'5-inch diameter, working
distance y^^y-inch. With the front lens removed the condenser is

suitable for use with low-power objectives.—A short paper by Mr.
E. B. Stringer, on a new projection eye-piece and an improved
polarising eye-piece, was taken as read,—A paper by Miss Loraine

Smith, on some new microscopic fungi, was also taken as read,

the President giving a short rhtim^ of it and expressing his

opinion that the paper would be an important addition to our
knowledge of microscopic fungi. Mr. Bennett said there was
one special point with regards to parasitic fungi which might
prove to be of considerable practical importance—he referred to

the cultivation of fungus parasites on certain insects It had
been proposed to do this on the Continent and in Australia and
America, with a view of getting rid of insect pests—locusts and
others ; and if efforts in this direction were successful they might
be the means of producing very beneficial and economic results.

—The President then read a paper, and gave a lantern demon-
stration, on the structure of some palaeozoic plants. He said the

intelligent study of palaeozoic plants was not yet a century old, for

although their presence had long been noticed, they appear to

have been regarded simply as freaks of nature. The importance
of fossils was first recognised by Wm. Smith, who observed that

strata could be identified by the organised fossils found in them.

He published this important fact in 18 16, and thus laid the

basis of stratigraphical geology. The majority of fossil plants are

found in the shales, and although the tissues had been converted

into carbon, the form and venation of the leaves and occasionally

the aspect of the fruits had been preserved. The most important
information, however, had been obtained from specimens in

which the tissues had been replaced by minerals dissolved in the

strata enclosing them. He had arranged for the lantern sections

of plants from the carboniferous system, but before exhibiting

them he wished to point out to what group of plants they be-

longed. The cellular plants, with few exceptions, had been
lost. Sir Wm. Dawson found specimens of a remarkable stem
in the lower Devonian rocks of Canada, to which he gave the

name of Protaxites. From a microscopic study of specimens he,

the President, was led to publish a paper in the Society's y^wr/ia/

in 1872, in which he demonstrated that the stem was that of a
cellular plant belonging to the Algae, a view which was ulti-

mately accepted by Sir Wm. Dawson. Fungal remains had been
detected by Alder, and also by himself. The plants which had
been certainly determined were vascular plants belonging to the

Equisetaceae, Filices, and Selaginellaceae, among Cryptogams,
and to the Coniferae, groups which existed in the present flora

of the globe, and were represented in the indigenous flora of
Britain. The President proceeded to describe the principal

characteristics of the fossil and existing forms of the four orders

of plants referred to. In illustration of his remarks a number of

preparations were shown on the screen.—Mr. Bennett wished to

say a few words to elicit an opinion on a matter of great interest.
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He referred to the recent discovery of the mode of impregnation

in some of the Cycadea; by means of active spermatozoids, as in

the case of vascular cryptogams. This seemed to suggest the

•question whether the gymnosperms were not more closely allied

to the vascular cryptogams than was usually recognised. Did
the evidence of palaeontology favour the view that there was a

closer affinity to the vascular cryptogams than to the higher

section of flowering plants, the angiosperms ?—The President

said this question deserved careful consideration, but it should
tie remembered that in these strata they only saw four groups of

plants, and that the coniferiK were found alongside the others,

and were evidently living at the same period. Brogniart had
shown the presence of pollen grains in the apical cavities of

fruits which had been preserved in silex. It was not known how
these spermatozoids were developed in Salisburia, but if they
rendered pollen grains unnecessary, the presence of the pollen

in these extinct fruits would be against the idea of including the
gymnosperms with the cryptogams.—The President announced
that the rooms of the Society would be closed from August 17 to

September 17, and that the next ordinary meeting would be
held on October 17.

Paris.

Academy of Sciences, July 9.—M. Maurice Levy in

the chair.—Problem of permanent heating of a sphere by radia-

tion, reduced to the simpler problem of heating the same sphere
by contact, by M. J. Boussinesq.—Combustible gases of the at-

mosphere ; sea air. Existence of free hydrogen in the atmo-
sphere, by M. Armand Gautier. By way of completing his

previous researches on the impurities in the air of towns, woods
and mountains, the author now gives the results of experiments
on sea air. In these experiments no carbon compounds could be
detected in 100 litres of air, the amount present, if any, being
less than 0*03 mgr. per 100 litres ; hydrogen was still found,
however, to the extent of i'2i mgr. for the same volume. The
amount of free hydrogen thus proved to be present in the air,

2 parts by volume in 10,000, is thus about two-thirds of the car-

bon dioxide normally present.—On two loci relating to the densi-

tiesof the liquid and saturated vapour of carbonic acid, by M. E. H.
Amagat. In remarking on a recent paper by MM. Cailetet

and Mathias, the author points out that the conclusions drawn,
although opposed to his own, are obtained from the same set

of experimental data. The law of rectilineal diameters,
although extremely useful when applied within certain limits,

is not a mathematical but an empirical law, derived from ex-

periment, and hence its use as rigidly true seems hardly
justified.—The chemical constitution of steel ; influence of

tempering upon the state of combination of elements other

than carbon, by MM. Carnot and Goutal. In manganiferous
steels, the state of combination of the sulphur is not altered

by tempering, and phosphorus behaves similarly. In steels

containing arsenic, the latter is free if the cooling has been
slow, tempered steels containing an arsenide of iron, probably
FcjAs.—M. Czerny was elected a Correspondent for the

Section of Medicine and Surgery.—On the equations of

motion of a wire in any co-ordinates whatever, by
M. G. Floquet.—On certain linear partial differential equations

of the second order, by M. C. Guichard.—On the instability of

certain substitutions, by M. Levi-Civita.—Demonstration of the

rotation of the earth by Foucault's experiment with a pendulum
I metre long, by M. Alphonse Berget. The sensibility of the

reading apparatus is increased by viewing the pointer carried by
the pendulum in the field of a microscope furnished with cross-

wires in the eyepiece. With a pendulum only i metre long, the

deviation can be clearly observed after four seconds. ^—On the

liquefaction of gaseous mixtures, by M. F. Caubet. The
results of experiments upon mixtures of methyl chloride

and sulphur dioxide are here given in the form of curves.

Two of the curves have the form predicted from theoretical

considerations by Gibbs and Konovalow ; these experi-

ments being the first to show these points.—On a new
type of mercury pump, allowing of a good vacuum being
attained rapidly, by MM. Berlemont and Jouard. A draw-
ing of the pump is given, unaccompanied by any explana-
tion. It is claimed for this pattern that it will work with
12 lbs. of mercury, gives a high vacuum automatically, is not
easily broken, and contains neither taps nor rubber connec-
tions.—On an ammoniacal chromous sulphate, by M. Ch.
Laurent. The salt described, which has the composition
Cr(NH4)2. (804)3 -t-eHgO is analogous to the double sulphate of

iron and ammonia.—On the preparation of gentopicrine and
glucoside from fresh gentian root, by MM. Em. Bourquelot and
H. Herissey. The fresh roots are treated with boiling alcohol

as soon as possible after picking, in order to prevent the action

of the oxydases of the plant upon the glucoside, 22 kilograms
of root giving 250 grams of crystallised gentiopicrine.—Ex-
perimental parthenogenetic segmentation in Amphibia and Fish,

by M. E. Bataillon. The chemical composition of the medium,
in which the eggs are placed, has only a secondary effect. The
serum of mammals, whether diphtheritic or not, behaves like an
isotonic solution of a salt or sugar ; it acts by its osmotic
pressure.— Loeb's theory of the chemical fertilisation of the egg,

by M. Viguer.—On the cytology of the Hymenomycetes, by M.
Rene Maire.—The experimental origin of a new vegetable

species, by M. Hugo de Vries.—Influence of experimental
modifications of the organism upon the metabolism of sugar, by
MM. A. Charrin and A. Guillemonat.—A new method of

measuring stereognostic tactile sensibility, by MM. Ed. Toulouse
and N. Vaschide.—Some new facts concerning the subterranean
river at Padirac (Lot), by M. E. A. Martel. The work done in

1899 and 1900 has rendered accessible another 400 metres of

this underground river.—Combination of the effects of synodic

and tropical revolutions of the moon, by M. A. Poincare.

New South Wales.

Royal Society, May 2.—W. M. Hamlet, President, in the

chair.—Annual general meeting. Mr. W. M. Hamlet read an
address upon the development of chemistry. Four words of

Arabic or Egyptian source were taken as the text or frame work
of this address, namely, alchemy, alkali, alkaloid and alcohol.

Under the first came a brief review of the most prominent
alchemists. The second afforded scope for the derivation of the

word denoting the volatile alkali—the alkaline air—ammonia.
In the case of the term alkaloid the researches of Fischer were
referred to as showing the constitution of such alkaloids as

theobromine and caffeine from structural formulae of uric acid.

Under the generic term, alcohol, the fermentation of other sub-

stances than those in use for the production of spirits of wine
were dealt with. A vote of thanks was passed to the retiring

president, and Prof. Liversidge, F.R.S., was installed as Presi-

dent for the ensuing year.
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TRADE IN ANCIENT ASSYRIA.
Babylonians and Assyrians : Life and Customs. By the

Rev. A. H. Sayce. The Semitic Series. Vol. vi.

Pp. X + 273. (London : John C. Nimmo, 1900.)

THIS little book belongs to a projected series of

volumes which we gather are intended to deal with

the Babylonians and Assyrians and other allied Semitic

races, " the object of the series " being, according to the

prospectus, " to state its results in popularly scientific

form." The volume assigned to Prof. Sayce, which is

the first of the series to make its appearance, describes

the life and customs of the Babylonians and Assyrians,

a subject which oflTers many points of interest to the

general reader. Moreover, within recent years much
new material has been published which has thrown

considerable light on the social condition of the Baby-

lonians and Assyrians during both the earlier and the

later periods of their history. Thousands of clay

tablets, which were unearthed at Telloh in Southern

Babylonia and have found their way into the

museums of Europe, contain temple-records, lists

and inventories, receipts and tablets of accounts,

and furnish a glimpse of the daily life of the

early inhabitants of Babylonia at about 2500 B.c.

The letters and commercial documents of the period of

the First Dynasty of Babylon enable us to form a still

more intimate acquaintance with the life of the Baby-

lonians under some 6f the earliest of their Semitic kings
;

while the systematic publication of the legal and epis-

tolary literature in the great collection of tablets from

Kouyunjik has increased our knowledge of the social

condition of Mesopotamia under the later Assyrian kings.

Finally, the large collections of tablets of the Neo-

Babylonian and Persian periods, which are now available

for study, make it possible to trace the development of

laws and customs down to the latest periods of Baby-

lonian history. There is, therefore, no lack of material

on which to base a sketch of the manners and customs

of the Babylonians and Assyrians.

Prof. Sayce has written many popular books on this

subject, and he is well qualified for the task he has

undertaken ; but we cannot help wishing that in one

important point he had modified the plan on which he

has compiled his volume. The book deals largely with

small details, containing descriptions of sales of houses

and lands and property, deeds of partnership, marriage

contracts, receipts, records of loans, and numerous other

commercial and legal transactions drawn from the

thousands of " contract tablets " which have been pub-

lished in various monographs and in the transactions

and journals of different societies. Any book describing

the life and customs of the Babylonians must necessarily

draw upon this large and scattered literature in order to

illustrate the general conclusions which the writer

formulates. Prof. Sayce has made abundant use of this

material, quoting and describing tablets freely ; on p. 16,

for instance, in one short paragraph, he refers to no less

than nine separate documents of different dates. But
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from the first page to the last he has not given a

single reference to the works in which the various tablets

have been published, or any indication by which they

might be identified ; in fact, not including Biblical

quotations, we have only found two references in the

book (on pp. I and 66), and these are to the opinions

of modern writers and not to original authorities. This

is perhaps not Prof. Sayce's fault, but a defect in the

general plan of the series, for it is possible that the

editor has ruled that references to authorities are in-

compatible with " a popularly scientific " treatment.

But, whoever may be responsible, this defect detracts

largely from the value of the book. No doubt the ex-

pert knows already where to look for the original texts

quoted, and can control the various statements for him-

self ; but the series is not meant for the expert. In the

editorial preface, we are expressly told that it is intended

to " be serviceable to students in colleges, universities,

and theological seminaries, to the clergy, and to in-

telligent lay readers." The object of the work is, there-

fore, essentially educational ; but without references it

can prove but a poor guide or introduction to the study

of the subject of which it treats.

Although doubtless hampered by this deficiency in the

general plan of the work, Prof. Sayce has produced a very

readable, though perhaps a rather rambling, little book.

He has written attractively on the general character of

Babylonia and its inhabitants, the constitution of the

family, the system of education, commercial and social

life, laws and government, letter-writing and religion.

To treat all these subjects fully in some two hundred and

sixty octavo pages is, of course, impossible ; but the

author has touched his subjects lightly, and some of his

chapters contain valuable summaries, as, for example,

that in which he describes the legal condition of women
in Babylonia. The plan of writing vaguely without refer-

ence to authorities, however, is not conducive to strict

accuracy, and we occasionally meet with a rather mis-

leading generalisation. The statement on p. 102, for

instance, that

"no deed was valid without the seal or mark of the

contracting parties"

is not borne out by the facts, for many deeds of different

periods are extant which bear neither seal-impression nor

nail-mark. On p. 61 we are told that

"the year was divided into twelve months of thirty days

each, an intercalary month being inserted from time to

time . .
."

Even for the Assyrian period this statement is probably

not accurate, and it takes no account of the changes

which the calendar underwent in the long course of

Babylonian and Assyrian history. The arrangement of

the calendar and the method of harmonising the lunar

and solar years are not yet accurately known in many of

their details and are still subjects of controversy, but the

student would not gather this from Prof. Sayce's state-

ment. The evidence for cremation (pp. 62 ff.) among the

Babylonians and Assyrians is far from being conclusive,

and many scholars hold that it was not practised in

Mesopotamia before the Parthian period. The statement

O
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on p. 51 that the writing of the scribes was sometimes

so minute that magnifying glasses were used for reading

by the Assyrians, and that short sight " must have been

common in the Babylonian schools," is, to say the least,

rather fanciful, the only evidence for the statement being

a circular crystal object found by Layard at Nineveh, and

thought to be a lens, but the use of which is unknown.

That there was ever "a monotheistic school" at Erech

(p. 262) would, we think, be difificult to prove, and the

evidence for " human sacrifice " referred to on p. 103

should surely have been given. It is, no doubt, a con-

sequence of the omission of references that we sometimes

come across repetitions in the book, as, for instance, the

quotation referring to the Chaldeans and their ships in

connection with Eridu on pp. 9 and 183 ; the suggested

identification of Sar-ilu with Israel on pp. 17 and 191,

the description of the letter referring to a ferry-boat on

pp. 186 and 215, &c. Misprints, too, are not uncommon,
as, for example, "the eighteen-hundredthj part " (p. 114),

"I will lie up five shekels of silver" (p. 225), " Emu-
talum " for " Emutbalum /'

(p. 2 1 1 ),
" weight " for " night

"

(p. 266), " bears " apparently for " beasts " (p. 52), " cunei-

plain " apparently for "plain" (p. 211), and on p. 157 we
are told that " Aramaic became the lingua panca ... in

the commercial world." Prof. Sayce is probably not to

blame for such misprints, for the American editor was
doubtless responsible for the correction of the proof-

sheets.

ELECTRICAL ORGANS. MUSCLE OR NERVE?
Beitrage zur Physiologie des elektrischen Organes der

Zitterrochen {Torpedo). By Siegfried Garten. Pp. 116,

4 plates. (Leipzig : Teubner, 1899.)

ALTHOUGH electrical fishes have been the object

of scientific curiosity and investigation for nearly

300 years, it is only in the last half of this century

that physiologists have realised the great importance, for

general physiological problems, of the phenomena pre-

sented by these remarkable animals. The discovery and

investigation of the electrical phenomena accompanying

excitation or activity of all the excitable tissues in the

animal body have rendered it of supreme importance to

attack the problem and the causation of these electrical

changes in the organ, where the " electrical function," so

to speak, attains its highest degree of development. It

seems probable that electrical organs may be developed

by the transformation of many different kinds of tissue.

In the greater number of these fishes, however, in-

cluding that which is the subject of the memoir under

consideration (Torpedo), the organ is formed by a trans-

formation of embryonic muscle- fibres, accompanied by a

disappearance of the cross-striated contractile material,

with a great hypertrophy of the nerve-endings. The

electrical discharge of the organ, with an E.M.F. prob-

ably amounting to 100 to 200 volts (Gotch) and

lasting about 6/1000 of a second, may be excited

reflexly or by excitation of the nerve to the organ,

or, using strong shocks, by stimulation of the organ

itself. The direction of the current in the fish is from

ventral to dorsal surface. The electrical organ in
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the torpedo consists of an array of columns, each
column being composed of about 400 transverse discs

representing the electromotive elements of the organ.

On the ventral surface of each of these discs we find

the complicated terminal arborisation or network of a
nerve-fibre, embedded in granular protoplasm, and
separated from the disc by the remains of the primitive

muscle-fibre from which the organ was developed.

We must assume that it is in consequence of these

structural arrangements that the excitatory electrical

change in the whole organ, instead of passing from one
end to the other as a wave, and so giving rise to a

diphasic variation of small extent, causes merely a

change in one direction, which is summated in propor-

tion to the number of discs in the pile, so producing a

monophasic variation of considerable E.M.F. It is

evident that we could conceive of each disc as consisting

of an inferior part, which is excitable and therefore

capable of the chemical changes associated with excita-

tion, and of a superior part, structurally and chemically

continuous with the inferior, but incapable of excitation.

The question at once arises whether these two parts are

represented by nerve and muscle, or whether the chief

excitatory change takes place in some of the structures

derived from the embryonic muscle-fibre. Is the

electrical change an action current of nerve-ending or of

muscle ?

Du Bois Reymond, for theoretical reasons, supported

the latter view, and at the same time laid great stress on

a remarkable property of the organ. He found that

the electrical conductivity of the organ was greater for

homodromous currents, i.e. those in the direction of the

discharge of the organ, than for heterodromous. It was

shown later by Gotch that this irreciprocal conductivity

is only apparent, Du Bois Reymond's results being due

to the fact that, in measuring the current passing through

the organ, he was measuring the algebraic sum of the

battery current and the current excited in the organ

itself. Naturally, therefore, the homodromous current

was greater than the heterodromous.

Gotch has, also drawn attention to the fact that in the

electrical organ we have an opportunity of deciding the

nature of the demarcation-current consequent on injury.

Since in this organ the demarcation-current is always in

the same direction as the excitatory-current, whatever

may be the position of the injury, he concludes that the

demarcation-current or current of rest is really in all cases

an action-current due to the continued stimulation at the

seat of injury.

On these three questions, but especially with regard to

the nervous or muscular nature of the excitable tissue,

additional evidence is furnished by Garten, whose re-

search is devoted chiefly to the elucidation of three points

—the effect of nerve-section and subsequent degenera-

tion on the direct excitability of the electrical organ ;

the effect of drugs, such as curare, which are direct

poisons for nerve-endings ; and the action of veratrin as a

specific muscular poison.

The results of these experiments are a strong confirma-

tion of the views put forward by Gotch. During the

first eight days after section of the nerves, the organs can

be excited either directly or indirectly ; from the eighth
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to the eighteenth day after section, the organ can be

excited to discharge, but the shocks are weaker than

normal. After the nineteenth day, however, no response

is obtained to stimulation either of the nerve or of the

electrical organ itself. Thus the irritability of the organ

disappears with that of the nerve, whereas a muscle is

excitable long after the degeneration of its motor nerve

with end-plates is complete. It may be mentioned that

the organ-current, or current of rest, and the irreciprocal

conductivity diminish during the period of lowered irrit-

ability of the organ, and are absolutely abolished after

the nineteenth day, thus pointing to the excitatory nature

of both these sets of phenomena.

The experiments on the action of curare are less satis-

factory, owing to the enormous doses (i grm. for a fish of

1200 grms.) which are necessary to paralyse the indirect

excitability of the electrical organs. Since in these large

doses the curare excites central discharges, it is necessary

to cut all the electrical nerves to prevent paralysis by

fatigue. In this case, however, with a sufficient dose of

curare, direct and indirect excitability are abolished simul-

taneously. The same interdependence of direct and in-

direct excitability is observed in paralysis by fatigue, in

marked contrast to the behaviour of voluntary muscle,

where a muscle on direct stimulation gives a practically

normal contraction after complete fatigue by stimulation

of its nerve.

Veratrin, which causes a marked prolongation of the

excitatory change in skeletal muscle, was found by

Garten to produce a somewhat similar effect on the

electrical discharge of the torpedo. This drug, however,

diminishes and very rapidly abolishes the direct and in-

direct excitability of the electrical organ, and no proof is

. afforded that the prolonged response may not be due to the

state of artificial " fatigue " produced by the drug, or that

it is in any way specific. Waller's experiments have

shown that veratrin has practically no action on the

nerve, and although Garten quotes certain of his own ex-

periments which appear to indicate an action of this drug

on non-medullated nerve, the strength of the solution em-
ployed must be regarded as too great for the demon-
stration of the specific action of the drug.

We cannot, therefore, regard the experiments with

veratrin as detracting in any way from the support

afforded to the nerve-ending theory of excitation by the

results of nerve-section. It is remarkable that a change

which, as the current of action in nerve, needs all the ap-

pliances of a well-fitted laboratory for its demonstration,

should, by a mere subdivision of the fibrils and their

enclosure in compartments separated by non-excitable

partitions, be able to produce the strong shocks of high

intensity which characterise the discharge of the whole

organ. No better demonstration could be afforded of the

futility of those hypotheses which would explain the

passage of the nerve-impulse as a mere propagated

polarisation, and would deny any energy-producing

changes in the axis-cylinder itself. The absence of

fatigue in medullated nerve does not imply absence of

chemical change, but merely equivalence of disintegration

and reintegration, an equivalence probably connected,

as Waller has suggested, with the presence of a

medullary sheath. E. H. S.
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FLUORINE.
Le Fluor et ses Composds. Par M. Henri Moissan, Pp.

xii -I- 396. (Paris: G. Steinheil, 1900).

THERE could scarcely be a greater contrast than

that between the gaseous substances most recently

added to our list of elements ; fluorine on the dne hand,

argon and its companions on the other. The existence

of the hypothetical element fluorine was postulated in

many well investigated compounds as early as the begin-

ning of the present century
;
yet, on account of its intense

chemical activity^ fluorine was not prepared as a free

element until 1886, despite the numberless attempts

which had been made to isolate it in the intervening

period. Argon, on the otlier hand, owing to its absolute

inertness, and to the fact of its occurrence along with the

very inert nitrogen, led an unsuspected existence until

1894, although it was contained in enormous quantities in

the atmosphere—a constant subject of investigation. The
compounds of fluorine, then, were known long before

the element itself,—compounds of argpn are still

wanting. Indeed, as has been pointed out (Sedgwick,

"Argon and Newton," p. 2), the name element in the

ordinary sense cannot properly be applied to argon and
its companions at all, since that term implies the exist-

ence, or at least the possibility of existence, of com-

pounds concerning which we are still in total ignorance.

As yet there is no chemistry of argon.

The time, however, has now arrived when fluorine and
its compounds can be brought under review so as to give

a picture of the element in itself and in its combinations,

which in main outlines, at least, may be looked upon as

final. Prof Moissan was obviously the man to execute

this task ; he has fortunately undertaken it, and the book
before us gives the result of his labours. As evidence of

the extent of the author's research, we may adduce the

bibliography given as appendix, which occupies eighty-

five pages, and contains references to about six hundred,

books and papers. These references are arranged alpha-

betically according to authors, and also chronologically,

beginning with Agricola, 1558, and ending with the year

1899.

In the book itself the author's investigations have

naturally the first place, and one of the chief points of

interest is that M. Moissan not only gives us an account

of his apparatus, experiments and results, but also of the

leading thoughts which guided him from one experiment

to another, until the culmination was reached in the

liberation of the gaseous element. The student begin-

ning research could not find a more stimulating record of

failure and eventual success than that afforded in Chapter

i., on the isolation of fluorine. Chapter ii. deals with the

most recent apparatus for the production of fluorine by

electrolysis. At a temperature of about - 80^, attained

by the evaporation of a mixture of solid carbonic acid

and acetone, it is possible to use an electrolytic vessel

of copper instead of platinum, provided that the hydro-

fluoric acid employed is free from water. This substi-

tution brings elementary fluorine within the scope of any

well-equipped chemical laboratory. Chapter iii. deals

with the physical properties of fluorine, its liquefaction,

and the action of the liquid on various substances. In

I
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Chapter iv. we have a systematic account of the action

of fluorine on . the non-metallic elements and on some

of their compounds, together with a somewhat de-

tailed study of the non-metallic fluorides. The action

of fluorine on the metals and their compounds forms

the subject-matter of Chapter v., the organic fluorine

compounds receiving treatment in Chapter vi. The

last chapter in the book deals with the atomic

weight of fluorine, the volumetric composition of hydro-

fluoric acid, the action of fluorine and hydrofluoric acid

on glass, and the position of fluorine in the system of the

elements. The author definitely places fluorine at the

head of the halogen family, sufficient stress, however,

being laid on the points in which fluorine resembles the

elements of the oxygen family ; such as the ease with

which it unites with carbon, and the analogies exhibited

by hydrofluoric acid to some dibasic acids. A short sum-

mary of the properties of fluorine concludes the volume,

and for frontispiece there is an excellent portrait of the

author.

The book is as interesting as a monograph can well

be, and M. Moissan has earned the gratitude of all

chemists by thus placing before them a connected record

of one branch of his splendid activity. J. W.

OUR BOOK SHELF.

A Text-Book of Physical Chemistry. By Dr. R. A.
Lehfeldt. Pp. xii-t-308. (London: Edward Arnold,

1899-)

A FEW years ago the teacher of physical chemistry seek-
ing a suitable elementary text-book, dealing with the
more recent developments of the subject, which he could
put into the hands of a class of students approaching the
study of physical chemistry for the first time, was some-
what embarrassed to find one. This state of things is

now changed for the better by the recent appearance of
several very excellent works ; among these Dr. Lehfeldt's

book will take a high place. The author explains in his

preface that the book " is intended to contain what a
student—with limited time and many subjects to learn

—

may usefully read. It is by no means written to suit any
examination, but still is written with the practical require-

ments of students in view."

Dr. Lehfeldt has succeeded in avoiding the unessential
and in explaining the fundamental ideas of modern
physical chemistry in a thoroughly lucid manner, so that

a student who has grasped the contents of this book will

experience little difficulty in appreciating the meaning of
the larger handbooks or original memoirs.
An introductory chapter on physical units will be useful

to chemical students, who are, perhaps, apt to be slipshod
in such matters. This is followed by a chapter on mole-
cular weights in gases and solutions, which includes
electrolytes and the ionic theory, and by a very well-

considered chapter on the connection between physical
properties and chemical constitution. The principles of
thermodynamics are then explained ; and the two laws
{a) of chemical equilibrium in a system of perfect gases
at constant temperature, and {b) of the influence of tem-
perature on chemical equilibrium are deduced from them.
This chapter presupposes some knowledge of the ele-

ments of the calculus, but any student who wishes to

understand physical chemistry must make up his mind to

acquire the small amount of mathematical knowledge
requisite.

The applications of the two thermodynamic theorems
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to chemical change and equilibrium in homogeneous and
heterogeneous systems are then taken up. This treat-

ment has the great advantage that the whole of the
phenomena can be grouped in a very simple way, the .

close relationship of chemical and physical change is

clearly brought out, and the student is not bewildered by
the apparent multiplicity of the phenomena. The book
concludes with a brief but most interesting chapter on
the theory of the galvanic cell, and the connection be-
tween electromotive force and chemical affinity. The
book may be unhesitatingly recommended as one of the
best of its kind.

The only misprint we have noticed occurs on p. 141,
line 18, where "increases'' is written in place of
"decreases." T. E.

An Introduction to Analytical Chemistry. By G. G.
Henderson, D.Sc, M.A., and M. A. Parker, B.Sc.
Pp. 228. (London : Blackie and Son, Ltd., 1899.)

This is a compact work covering the ground of
ordinary qualitative analysis as well as the tests for a
number of organic substances, and also containing an
account of the most important processes of quantitative
analysis.

Without being designed on any new plan or being
explanatory to the fullest extent, the book is written in

a scientific spirit. The authors state that they have
made free use of the works of Dittmar and others, and
it is perhaps not uncomplimentary to remark that the
influence of that sterling chemist is apparent in the
book.
The directions for work are clear and practical, and

the analytical methods quite satisfactory. Perhaps the
least useful part of the book is that dealing with organic
substances and their separation from mixtures. This
branch of analytical art is very difficult, and the par-

ticular form of it, which has been encouraged by certain

examining bodies, has brought disaster to many a good
student. It is difficult to understand what useful pur-

pose is served by the efforts of second-year students to

prepare for recognising the constituents of, say, a mixture
of urea and an inorganic salt. It is of no importance
to medical men, it does not help the teaching of organic
chemistry, and it crowds out practical work which would
be of real value. The examination of such mixtures is

a matter for an analyst of mature knowledge and ex-

perience. , A. S.

Maryland Weather Service. Vol. i. Pp. 566. (Balti

more : The Johns Hopkins Press, 1899.)

The Maryland State Weather Service was established in

1892, and its reports and climatic charts are favourably

known to meteorologists. In 1896 a plan of closer co-

operation between the National and State Weather
Bureaux was proposed by Prof. W. L. Moore and adopted.

This marked the commencement of a new and very im-

portant period in the history of the Service, and the

present volume is the first published since the two
organisations have been in close connection. The
energies of the Service are now to be devoted chiefly to

the publication of special reports on the climatology of

the State, and if the volume before us is to be taken as

an earnest of future ones, we may be pardoned a feeling

of envy at the sumptuous way in which scientific work of

this kind is presented to the public in America. We
notice that it is proposed to publish in the near future a
full account of the climatic features of Maryland, in which
the physiography, meteorology, hydrography, medical

climatology, agricultural soils, forestry, crop conditions

and the fauna and flora of the State will be considered.

The present volume is confined to the physiography

and meteorology, and includes an introduction by Prof.
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Bullock Clark, on the establishment and organisation of
the Maryland Weather Service ; a description of the
physiography of Maryland, by Dr. Cleveland Abbe, jun.

;

a report on the meteorology of Maryland, by Dr. Abbe,
Mr. F. J. Walz and Dr. O. L. Fassig ; and a contribu-

tion on the aims and methods of meteorology, by Prof.

Cleveland Abbe, already noticed in these columns (vol.

l.xi. p. 448). The illustrations are numerous, instructive,

and of a very high class, most of them being full-page
collotype plates or lithographs. No State or country
has given to the scientific world a volume in which the
operations of the "Weather Service" are interpreted
more liberally, or the work presented in a more elaborate
format.

Volta e la Pila. By Prof. Augusto Righi. Pp. 40.

(Milan : Tip. Bernardoni di C. Rebeschini, 1900.)

This is an inaugural discourse delivered by Prof. Righi
on September 18, 1899, at the National Electrical Con-
gress at Como. It deals with (i) the science of electricity

prior to Volta
; (2) the scientific work of Volta considered

apart from his discovery of the pile ; (3) Galvani's dis-

covery of electricity of contact
; (4) the pile

; (5) the
theory of the pile ; and (6) conclusions. In an appendix,
Prof. Righi gives a note on the theories of the pile, in

which he expresses favourable opinions on the " osmotic "

Ktheory.

LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any otherfart of Nature.
No notice is taken of anonyniotts cofiimunications.]

An Optical Phenomenon.

In connection with Prof. Simon Newcomb's letter on " Terres-
trial Gegenschein" (Nature, October 5, 1899) and the sub-

juent letters of Mr. Mallock (Nature, October 12 and
^November 9, 1899), I desire to call attention to an analogous

id very beautiful phenomenon of perspective which I should
ive mentioned at the time but that the winter season of the

year is not favourable to its observation in this country.
•' When the sun is high and shining brightly in a clear sky, let

an observer stand so that the shadow of his head falls on the
surface of water that is deep, clear, but not quite clear, and
slightly agitated by the wind. He will observe that from the
place where the shadow of his head falls shafts of light seem
to radiate in all directions. When once well observed, the
phenomenon is very striking, but it has surprised me to find

how few persons have noticed it. I first observed it many
years ago, when I used daily, about mid-day in summer, to
cross the bridge over the channel leading to the boat store in

the Portsmouth Dockyard, near the main entrance. But it was
not till a year later, on Ulleswater, that I found the explana-
tion. The lake was there turbid in parts from the washings
of mines, but quite clear in others. Standing up in a boat, one
could see the phenomenon very clearly where there was very
slight turbidity, but not if the water was quite clear, nor if there
was much turbidity, and never in a dead calm. This gave the
explanation. The convexities of the surface, when there is a
slight agitation, acting as lenses, split up the otherwise uniform
illumination into separate, parallel shafts of light, each consist-
ing of slightly convergent rays, which, traversing the liquid, are
rendered visible by the suspended particles that they illuminate.
These shafts seen in perspective have their point of apparent
convergence exactly opposite to the sun, i.e. in the shadow of
his head. If the water is smooth, there are no particles to
illuminate and reveal the shafts ; if too turbid (or too shallow),
the light does not penetrate far enough. If the sun be too low
in the sky, too little light enters the water ; if it shines through
clouds, so that the source is diffuse, a uniform illumination
results. Hence the rays are not easily noticed in winter.

After the phenomenon has once been well seen under such
circumstances as I have described, one can hardly enter a boat
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on a bright day without being haunted by it, and realising that,

although the shadow of one's head may not actually fall on the

water, yet every streak of light in the water radiates from it.

A. M. Worthington.
R.N Engineering College, Devonport, July 22.

Temperatures of Recently Killed Chamois.

Mr. E. N. Buxton, in his fascinating "Short Stalks"
remarks (p. 38, footnote) :

" A friend of mine once took the

temperature of a freshly killed chamois, and it stood at 130° F."

There is no doubt that many professional chamois hunters believe

that the temperature of the animal is considerably higher than

that of domestic animals.

During the last three years I have determined the rectal tem-
perature of twenty-nine recently killed chamois.

These may be divided into three ciasSes.

A.— Those successfully stalked and dropped dead by the first

shot. ( 1 2 observations.

)

With two exceptions, the temperatures, taken in every case

within five minutes of death, lie t)etween loi°'l and I0l'''9, the

average being about ioi°'5 F., or 38° 6 C.
The two exceptions were (i. ) a kid four or five months old,

the temperature of which was I03°'2 F., or 39°'6 C, and (ii. ) a

doe which had received a severe flesh-wound in the back eight

days previously, the temperature of which was 102° '4 F. , or
39^-1 C.

B.— Those shot au galop. (7 observations.) These animals
all dropped dead in their tracks, or died almost immediately.

The temperatures on the whole were found to be distinctly

higher than in class A, being ioi°'5, I02°"3, I02°'4, I02°'9,
102° '9, I03°*5 and 104°

'5 respectively.

The first four of these had run from 40 to 50 yards, the fifth

about 200 yards, and the last two about 100 yards. The last

two were young bucks, which, to judge from the appearance of

their incisor teeth, were four and three years old respectively.

C.— Those wounded at the first shot, but only brought to

bag after some interval. (10 observations.)

Here the temperatures are, on the whole, still higher.

The lowest (I0I°7) was that of an animal which ran 50 yards

after the first shot, and was then dropped dead by a second.

The next (102° -4) ran about 300 yards. The third (i02'''9)

was wounded in the stomach, then walked about 250 )ards

towards me, and was dropped by a second shot at about 30
yards.

The fourth (103° "i) ran about 200 yards. The fifth and sixth

(i03°'3 and 103° '5) were shot through the kidneys, but were not

killed outright by the shot.

The remaining four showed temperatures of 104" '9, 105° 6,

1
06° '2 and 1 06° 7.
Of these the first had its fore-leg broken, and was recovered

twelve hours later.

The second and fourth were recovered about half an hour after

being wounded.
The third was an animal whose hind-leg was broken. It then

escaped into another valley, and hid itself in a cave on a rock-

wall, where it was spied about four hours later. A second shot

failed to hit it, but drove it out of tlie cave. It then tried to

climb the steep rocks above it, and after twice failing to over-

come a fnauvais pas, slipped and fell about 100 feet, and was
killed by the fall.

Results similar to these were obtained in 1898 by a Swiss
friend of mine. Some of the animals were driven by dogs, and
these always showed a higher temperature than those stalked

and killed by the first shot, the temperatures of the driven

animals varying from 103° '6 to io5°*8.

The highest temperature obtained by him was 107° '6 (42° C).
This was an animal which was severely wounded in the back,

then lost till twenty-four hours later, when it was found and
killed by a dog.

How far the average temperature given under A represents

the normal temperature of the living chamois, I am unable to

say, because I do not know to what extent sudden death by a

bullet would be likely to affect the reading of the thermometer.

Perhaps seme physiologist would kindly throw some light upon
this point.

To save the trouble of calculation to any foreign reader who
may see this letter, I may add that 38° C. = 100° -4 F., 39° C. =
i02''-2 F., 40° C. - 104° F., 41° C. = lOS'-S F., 42° C. =
io7''-6 F. G. Stallard.
Rugby, July 12.
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The London Mathematical Society.

A FEW months sinc6 it was announced in your columns that the

Society had directed an index to the first thirty volumes of the

Proceedings, and a complete list of members, to be drawn up by

the secretaries. These have now been issued to members : the

general public can have them from the publisher (F. Hodgson,

86 Farringdon Street) at the respective prices, is. 6d. and 6d. A
free distribution of looo copies of the first part of the index, which

comprises an arrangement of the papers in alphabetical order of

authors' names, has been commenced, and upwards of 500 copies

have been sent out. In the course of the existence of the Society

some 440 persons have been recorded on the roll. This is not a

great number, and some younger societies have shown greater

vitality. Perhaps this issue may lead to the Society becoming
more widely known. R. Tucker.
London Mathematical Society, July 23.

The Consultative Committee and Technical
Education.

The Council of the Association of Technical Institutions has

had under consideration the " Draft Order in Council " consti-

tuting the Consultative Committee of the Board of Education.

It welcomes the appointment of the Vice-President of the

Association, Mr. Henry Hobhouse, M.P., as a member of the

Consultative Committee, and as a representative of agricultural

education and of technical education in rural districts. But it

views with astonishment and regret the fact that technical

education in the great towns of the United Kingdom is wholly

unrepresented, although there are upon the Consultative Com-
mittee two representatives of elementary education in the persons

of the Dean of Manchester and Mr. Ernest Ciray, M.P. , three

heads of secondary schools, viz. Mrs. Bryant, Dr. Gow and
the Hon. and Rev. Edward Lyttelton, as well as a large number
of persons intimately acquainted with literary education.

It seems to the Council a matter of the greatest national

importance that there should be upon the body which is to

advise the Board of Education an adequate number of persons

who are well acquainted with the applications of scientific

knowledge to industries and commerce, and with the best

methods of giving such technical training in this country as

shall enable us to meet successfully foreign competition.

In view, therefore, of the very serious damage which may be
done to technical education, and thereby to the trade and com-
merce of the country, if the Committee to which the Board of

Education will look for advice is composed of persons without

adequate knowledge of the matters to which I have referred, I

venture to ask you to allow me, through your columns, to draw
the attention of Members of Parliament, manufacturers, and
merchants to this subject, in the hope that th-ey may take steps

to secure that the constitution of the Consultative Committee
may be modified in such a way that due provision may be made
for the presence of persons possessing special knowledge of

trade, manufactures, and technical education.

Merchant Venturers' Technical J. Wertheimer.
College, Bristol, July 21. (Hon. Sec.)

THE CENTENARY OF THE RO YAL COLLEGE
OF SURGEONS OF ENGLAND.

'T^ HE Royal College of Surgeons of England celebrates
-* its centenary on July 25-27. The actual month of

course in which George IH. founded the College by Royal
Charter was March, 1800, but in the spring of 1900 it

would have been impossible adequately to marshal the
forces of English surgery. Sir William MacCormac and
Mr. Frederick Treves, to name no others, were, if we
remember rightly, still in South Africa. The belated

birthday of the College is to be fitly commemorated by
a grand degree-giving, at which a number of representa-

tive European and American surgeons will receive the

newly-created distinction of Hon. F.R.C.S. H.R.H.
the Prince of Wales has already been presented
with the diploma of Honorary Fellowship, a depu-
tation from the College having waited on him on
July 24. The form of words used in the Royal diploma is

the same as that employed in all cases. " Know all men
by these presents, that we, the Royal College of Surgeons
of England, do hereby admit his Royal Highness Albert
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Edwiard, Prince of Wales, an Honorary Fellow of the
College."

Besides the degree-giving there will be a conversazione,
a grand banquet, a Presidential address of welcome,
which will deal at length with the history of the surgeon's
art, and a reception at the Mansion House. But all such
august ceremonial should be regarded neither as an end
in itself, nor as specially typical of the progress of surgical

education.

The centenary of the Royal College of Surgeons marks,
in fact, not so much the hundred and first birthday of a
noble institution as the audit-day of English surgery.

It is as such that it should be regarded by all thoughtful

men. How stands the surgical art of to-day in com-
parison to that of the opening years of the century ?

The question requires no long answer : it is not neces-

sary to deal ait length with the profound revolution,

wrought since the days of Hunter, in surgery, whether
intra-cranial, intra-thoracic, or abdominal. It suffices to

mention only aneesthesia and antisepsis. In the year
1800 these two great agencies for good were unknown

—

the surgeon had to arm himself for his task after the

manner of a skilled slaughterer, and Death, as often as

not, stalked at his elbow through the hospital wards or

to the rich man's bedside.

At the beginning of the century, too, science was
everywhere in its infancy. The surgeons, though they

had ceased to rank with manicurists and barbers, were
often little better than bone-setters. They dreaded
operations—considered them a confession of weakness,
and this through a general ignorance of how safely to

operate. Medical etiquette, in those old days, was an
aflfair of various interpretation : quackery preyed unre-

proved on the general ignorance. To-day surgery has
become, as far as may be, scientific. The modern
medical man is trained as a man of science ; he is in

England also subject to perhaps the severest code of

honour known to history." The scientific spirit has so

far permeated the public mind that even modern
quackery is compelled to pose in the garb of research

based on the inductive method. Graham, Buzaglo, and
the inventor of the " metallic tractors " appealed in the

year 1800 to just such confused instincts as possess the

affrighted victims of the savage medicine-men described

by Messrs. Spencer and Gillen. To-day the clever

impostor takes in vain the sacred name of science, or if

he make his appeal to the religious instinct, he is careful

to do so aliTiost as philosophically as a Brahmin or a

Buddhist.
The progress of social relations is spoken of by jurists

as one from status to contract ; the progress of the

medical sciences might as fitly be described as from
fetich to reason.

In this progress the Royal College of Surgeons has
been no unimportant factor. The very conservatism ot

that great society has been a source of strength. In

countries where leading institutions are less tenacious of

privilege, less rigidly decorous, the interests they protect

tend incessantly todegenerate for lack of ideals, of ethics,

and of breeding. ' The names of countries, especially

young ones, will occur to the philosophic, where the

medical profession suffers contmuously from the un-

academic spirit of its academies. Yet there can be no
doubt ^that the conservatism of the College was at one

time excessive.

This will be at once apparent to the readers of Sir

William MacCormac's centennial address on the
" History of Surgery and Surgeons." As a succedaneuip

to his text, sixty-one carefully prepared biographies of his

predecessors in office have been published. Of these

presidents certain of the earlier ones constitute an

object-lesson in oligarchy and the art and craft of office-

holding. Charles Hawkins, first Master of the College

in 1800, had for years—since 1790—been Master of the
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old civic Corporation of Surgeons. Indeed, it died,

through inadvertence, under his rule. He belonged to

an office-holding race. His father, Sir Caesar Hawkins,
the first baronet, and his uncle, Quennell Hawkins, both
St. George's men, where office was bought for large sums
of money paid to seniors, had been Serjeant Surgeons to

George II., and as such were liable to accompany him
on his campaigns. Whether they did so is doubtful

;

it was Ranby who attended the gallant little king
at Dettingen. Charles Hawkins enjoyed the honours of
the same office, which take us back in thought to

Homer's Machaon and Podalirius,[and to the Sanskrit
word " Shalya," " an arrow-head," or " surgery." But
beyond this we know very little of Charles Hawkins.
There are others like unto him whom we need not
specify. The " Dictionary of National Biography

"

knows them not. Their peculiarity was silence, " the
fool's best friend." Conjointly they published nothing

;

an aversion to intellectual exertion seems to have dis-

tinguished them. But we can imagine them at least as

strict upholders of dignified routine, as courtiers, as men
of the world. The delightful eighteenth century died
very hard in England—in Latin countries it is not dead
yet—and these old gentlemen, with their powdered hair

and voluminous cambric cravats, seemed to carry on the

tradition of an ample age, where a fine face, a white
hand, and a capacity for classical quotation fitted an
average great man for any sort of position from the Papal
chair to the presidency of the English College of
Surgeons. Others there were, however, even in the early

days of the College history, who struck a different note.

Such were the terrible Abernethy, a man driven into

savagery of manner by his innate sense of justice, which
abhorred the quacks of his day and generation and their

self-indulgent victims, suffering from avoidable ills,

chiefly due to the effects of over-feeding and the '•'• alcoo-

lisme des gens de bon ion." Such also the variable

Lawrence, an early Darwinian, a passionate reformer and
reform journalist, in association with the famous VVakley,

an eloquent orator, and, in the end, a conservative
College Councillor of the strictest.

In the College Library and Council Room during
the centenary celebrations, an exhibition is being held
of portraits, busts, relics and manuscripts illustrative of

the history of the College, and this in itself bears witness

to the changes which a hundred years can bring forth.

Among the exhibits never, we believe, shown before, but
now sanctioned by the lapse of long years, are papers of

importance from the Owen collection. Here, for instance,

is the Curator Cliff's determined evidence against Sir

Everard Home, Bart., who plagiarised from Hunter's
papers and then destroyed them. In one exhibited letter

Cliff quotes Sir Everard's words, "all gone, every Jack of

them," in reference to Hunter's descriptions of cases and
specimens. This is not the place to discuss the Home

—

Hunter controversy, which has long ago been given over
by the experts, but we may be allowed a postscript. The
question between Hunter and Home should be judged
from the point of view of 1820. Home was an old-

fashioned Scotsman of a proud and ancient stock.

Hunter came of a race of " bonnet-lairds." Home looked
indulgently down on his brother-in-law. Hunter. These
family sentiments are almost incomprehensible to an
Englishman, but they rage even in the Scotland of

to-day. Home thought he might fairly make use of his

humbler connection's notes. He was no academic
—had no scholarly regard for literary meum and
tuum. How few have even to-day .-* Hunter's notes,

on the other hand, to judge by the remaining
specimens of them, were extraordinarily rough and often

illiterate, though at all times they betray the great and
ardent mind fretting and hurrying under inadequate
powers of expression. William Clift also, John Hunter's
amanuensis and subsequent defender, has been described
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by one who knew him well as a typical Cornishman, ex-

tremely garrulous, prone to repeat himself. There is in

the College Library a " solander," alias box, full to the
brim almost of Cliff's repeated indictments against Home.
The thing suggests ''

id^efixe^^

Still, though Home acted according to the lights of
his day and his order, he committed a crime of magni-
tude, and owing thereto the history of the great
Hunterian Museum since i8cx3 has been necessarily one
of re-construction. Clift began re-writing the Catalogue
as it were from memory. He had worked so long with
the great John Hunter that he knew how the master
would have again spoken of numbers of specimens of
which Home had burnt the descriptions. Richard Owen,
Cliff's son-in-law, was to Clift very much what Clift had
been to Hunter. The young man worked ardently under
his directions, sometimes aided by Benjamin Brodie, in

his youth a zealous comparative anatomist. In one of
his Museum Reports Richard Owen yearns for the days
when Clift, and he, and a very few others, including
Everard Home, worked incessantly in the Museum-
room, undisturbed by the visits of students and sight-

seers.

The public were indeed discouraged from visiting

Hunter's collections, not in any gross spirit of obscur-
antism, but half-unconsciously, half-hieratically, much as
a modern undergraduate reading for a Pass degree is

kept at arm's length by the learned Don who is the Col-
lege librarian. In 1833 Earle, lecturing on the urinary
apparatus, gave vent to one of those petulant outbursts
which are more illuminating than pages of studied prose.

The passage, now often quoted, appears in the Lancet of
the period, and is a bitter satire on the uncatalogued and
dusty condition of the then Museum. Earle, it seems,
had searched in vain for hours for pathological specimens
with which to illustrate his remarks. The whole amusing
tirade, if we remember rightly, was discreetly suppressed
by him in his republished lecture.

At the present moment the great Museum—and the
Library, too, for that matter—can be read like a book.
One of the most notable publications of the centenary is

the first portion of the " Physiological Catalogue," which,
with its finely executed plates, will remain an enduring
monument to the graphic skill and scientific acquirements
of the Conservator and his staff.

The Museum, the Library, and the College owe their

being, as it were, to John Hunter ; but their emergence
from the coma of the first three decades of the century is

in great measure due to Sir Richard Owen. It is notable
that the moment he begins to lecture in 1835, VVardrop's
grumbling commentary in the Lancet undergoes a change.
It seems at first as though the serious young Conservator
was not understood. What did he aim at ? why should
he do so well where others had wrought so indolently ?

Then gradually the Lancet critics change their tone, and
bless where before they had cursed.

A lecture by Owen became in time one of the great
social and intellectual functions of the London world.
Science was not then so specialised as it is to-day, nor
perhaps so divorced from the interests of the literary.

Bishops presided over the British Association ; hereditary
peers over the Royal Society ; the Prince Consort took
an interest in microscopy ; the poets had not yet become
decadent or aesthetic ; the Tractarian movement had not
yet replunged the world of women in the ages of faith.

The public mind, indeed, would seem to have been more
liberal than now. To this mind—alert, interested, deeply
curious—Owen addressed himself with zeal. It is singular

to note, at this distance of time, that his lecture would
end with a debate, in which the Dean of St, Paul's would
heckle the professor.

The College Lectures became still more important
when Huxley succeeded to the chair Owen had once
occupied. Owen retired in 1855, after delivering a course
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on "The Structure and Habits of Extinct Vertebrate
Animals." He had prepared a course for 1856, when,
however, lectures were suspended. The Council, it

seems, had carped at the long duration of Owen's
catalogue-making, and Owen had addressed to them an
eloquent apologia for his seeming delays. Hence, per-

haps, Owen's retirement. In 1863 Thomas Henry Huxley
began to lecture, his first course dealing with "The
Structure and Development of the Vertebrate Skeleton."
His first lecture was devoted to the glyptodon with much-
broken carapace, now in the Museum. He continued to
deliver a long annual course till succeeded by Flower
in 1869. The late Sir William Flower's tenure of the
chair, which he shared with the great but somewhat
neglected William Kitchen Parker, brings us down to

comparatively recent times.

It is as a lecturing body that the College should prove
most interesting to the world of Science at large. The
names of Owen and the greater Huxley link it with the
grand world of Cuvier and Darwin. We might write at

length of the beneficent work of the College in patho-
logical anatomy, or serum-therapeutics, a work all the
more praiseworthy because it has been sedulously and
quietly carried on in despite of the clamours of a stupid
section of the public. Of the College examinations it

would also be possible to say much. As recently, it

should be remembered, as i860 a doctor could qualify
without passing a written examination in medicine. Now,
of course, it is scarcely possible, in view of the examina-
tions of the Conjoint Board of the Colleges of Physicians
and Surgeons, lor any impudent dunderhead to launch
himself in practice, and to pocket the fees of a public
always a little in love with quackery and mystification.
Of the College as a guardian of medical ethics and eti-

quette, a volume might be written. A hundred years
ago the doctor was always satirised by all classes of
writers as unscrupulous. Now that charge is only occa-
sionally brought against him by the illiterate, who count
for nothing in the long run. That this immense change
has been effected is mainly due to the College. And
here it is only fair, just reference having been made to the
College Museum and Library, to mention the College
Office. A long line of secretaries, from Okey Belfour to
Mr. Trimmer and Mr. Cowell, have patiently and vigi-
lantly guarded the surgical point of honour. If ever a
black sheep has been driven out of the surgical flock it is

the College Office that has weighed his demerits and im-
peached him in the first instance. And this not without
deliberation, or, as it was once called, " prayer and fast-
ing." On the other hand, if ever a practitioner has been
wrongly accused of malpractice, or unprofessional conduct,
it is the College Office that has been at the root of his
rehabilitation.

To resume and to conclude—and with the thermometer
at 87° it is as well to do so—the surgeon of 1900 is not
as his far-off brother of 1800, and the College, in no small
degree, has been responsible for the laudable and tre-
mendous transformation. Mere literary men in England
have no Academy at their head so drastic and salutary as
the College to which surgeons can look up. The doctor
in 1800 used occasionally to stipulate, when dealing with
workhouse authorities, that he should not be required to
treat fever cases. Fever, by the by, in the undrained
London of the years prior to Sir John Simon's reforms,
was a common cause of death among even the well-to-do.
Now, to quote the sestet of an unpublished sonnet,

" To-day skill'd Science runs where bullets hail,
Or cholera's rife, for love of suffering man,

—

At the laboratory-table seeks
Plague's grim bacillus, and, jf need be, can
Die as did MuUer. Nor shall heroes fail

:

From Hunter on to Lister their fame speaks !

"

Victor Plarr.
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ELECTRICAL POWER DISTRIBUTION.
T N a lecture on " Electricity as a Motive Power,"
-* delivered to the working men of Sheffield, August
23, 1879, the following question was asked: "And why
not now? Why should not the mountain air that has
given you workmen of Hallamshire in past times your
sinew, your independence of character, blow over your
grindstone again ? Why should not division of labour
be carried to its end, and power be brought to you
instead of you to the power ? Let us hope then that in

the next century electricity may undo whatever harm
steam may have done during the present, and that the
future workmen of Sheffield, instead of breathing the
necessarily impure air of crowded factories, may find

himself again on the hill-side, but with electric energy
laid on at his command."
The present year sees the dawn of the realisation

of this idea of twenty-one years ago. For soon it

will no longer be :
" If," as I said on that occasion,

" a workman could have transmitted to him, just

at the time he might require it, a small amount of
energy at, say, one halfpenny per hour per horse-
power—which would be three or four times the actual
cost of production with a very large steam engine—and
if he could turn off the power like gas when he did not
want it, how many of the smaller workmen of Sheffield
would be glad to avail themselves of such a facility ?

"

To enable such a scheme to be carried out in this

country, four Electric Power Distribution Bills have
this year been brought before Parliament—one for the
county of Durham, one for Tyneside, one for Lancashire,
and one for South Wales. And in advocating their
second reading on March i, the President of the
Board of Trade expressed the opinion that "the question
which the House has to decide is a very important one,
perhaps one of the most important ones that have come
before the House by means of a private Bill for many
years." For he pointed out that " the electrical enter-
prise of this country is in an exceedingly backward
condition," and that :—" It may almost be said that there
are villages in North America which are in possession of
advantages in connection with electricity which some of
our largest towns do not possess."

This opinion was shared by Sir James Kitson and the
Committee of the House over which he presided. For
from May 3 to well into this month, July, they sat de-
liberating as to whether, and under what conditions, per-
mission should be given for electric energy to be dis-

tributed over nearly 3000 square miles of Great Britain.

A vast amount of evidence was taken regarding the
effect on British industry, on the cost of producing
manufactured products, and as to the growing up of new
factories, and even of new trades, that might come into
existence through a general distribution of electric

energy. Employer after employer came forward and
spoke of his individual need for electrical energy to work
scattered tools in his factory, to ventilate and pump his
mines, as well as to cut and haul his coal.

" Cheap power is the panacea for the evil effects of
foreign competition" was urged again and again by the
long stream of manufacturers who occupied the witness
box for weeks. The advocates of this cheap power were
marshalled in groups like bands of warriors, and, from
the various classes of witnesses champions were selected
who bombarded the Committee with proofs of the para-
mount importance of their cause, and overwhelmed the
members when they struggled to grasp the arithmetic of
" load factors," and begged to know how many Board of
Trade units there might be in a horse-power.
At first we recognised many provincial dialects among

the crowd in the Committee Room, but when it began
to be realised that the inquiry would occupy more weeks
than it was at first thought it would need days, the
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Northumberland burr was left dominant, and remained so

during the whole of May. Then a Lancashire wave
rolled in, and it was not until the beginning of the fourth

week in June that the " 11 " and the " y " formed part of

so many of the words that even counsel who had come
through the Severn Tunnel to Westminster to plead their

cause found some difficulty in pronouncing the names of

persons and places.

But the advocates of the universal supply of " elec-

tricity in bulk " had not it all their own way, since op-
posed to them was a band of skirmishers who delivered
well-planted criticisms aimed at exposing the grasping
character of some of the projects and the desire—not
even thinly concealed—of some of the promoters to crush
out all small existing systems of electric distribution and to

establish huge monopolies for purveying electric energy.
So that one had to moderate the enthusiasm called

forth by the near prospect of electric energy being re-

garded as a public necessity, and therefore being gener-
ally distributed like water or gas, with the exercise of a
cautious regard for the interests of those undertakers

—

to use the legal term—who had already been entrusted
with spending the money of the ratepayers or of share-

holders in establishing electric distribution systems in

their own areas. For they contended that this proposal
to supply the small and scattered manufacturers with
very cheap electric power, which it was alleged would
enable them to compete successfully with their more
powerful rivals, could not be commercially realised, and
that these power distribution schemes had for their ob-
ject the catching of the popular vote and the passing of
Bills which would enable their promoters to pick out
those of the customers who were the plums among the
consumers already supplied by means of the existing

electrical undertakings.
For nine weeks the Committee listened to the argu-

ments /r£» and con., and the tolerance which they showed
in patiently hearing questions asked by counsel which
had been already asked in their absence and replied to

by witnesses who were unaware that the same questions
had been answered at length days before, showed how
willing the members were to devote their time to a full

understanding of the points at issue in order that they
might be able to ultimately deliver a sound decision.

The articles of commerce, which we are accustomed
to purchase may be divided into those that have weight
and volume and those that have not, and it is generally
in connection with the former that our system of weights
and measures is employed—a pound of mutton, a yard
of cloth, four ounces of letter carrying, a thousand cubic
feet of gas, a mile of railway journey. But the advance
of civilisation has gradually led us to regard as equally
suitable for buying and selling other conveniences which
it would be far more difficult to meter for the purpose
of ascertaining whether we had received our fair supply.
A year of police supervision, a length of street improve-
ment, a winter of snow removal, a Reason of South African
campaigning are considered as being furnished at a fair

price only when the grumbling in connection with the
supply is not too great and the articles in the Times are
not too severe.

But there remains one commodity which, although it

has neither weight, volume, nor linear dimension, can be
metered with extreme accuracy, and the public demand
for which is daily becoming greater and greater, and
that is—energy. Hitherto the working of factories has
been associated with water and coal, and either the
factories have been built near the stream or in a coal
region. When, however, such a site could not be con-
veniently found, then it has been the custom to carry
at a dear rate a black, bulky, dirty substance by rail or
water for miles to the factory, and, after strewing a
certain portion of its dirt over the neighbourhood in the
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form of a descending cloudy to cart the remainder away
as dusty ashes.

So accustomed are we to all this—so little does it

strike us as incongruous that scuttles full of black lumps
should be regularly brought into a drawing-room, no
matter how valuable the pictures or rich the curtains
and carpets, that we forget that our successors will look
with more scorn on our customs than we do on those of
our ancestors, seeing that, at least, their floor-coverings

of rushes, intermingled with old bones and other refuse,

could not be much injured by smoke or by dust.

Electric-lighting, electric-heating, electrically-driven

machinery are all undoubtedly clean, but will the two
latter pay as well as the former .^ On this point the evi-

dence before the Committee of the House was somewhat
conflicting. What, in fact, is the cost of carrying coal
compared with the cost of electrically conveying the
energy, or the " essence of the coal " as one of the
counsel poetically termed it ? Further, what is the
saving produced by combining steam-engines, and work-
ing one very large engine instead of many small ones
at different places .''

Briefly, then, apart from all question of dirt, is it

cheaper to burn the coal at the pit's mouth, and to convey
the energy electrically to each of many machines situated
within a radius of, say, ten miles from the electric

generating centre, or to load the coal on railway trucks,

carry it in different directions to many factories, unload,
stoke the furnaces at many places, and distribute the
energy from the many steam-engines by shafting, belting,

rope-gearing, compressed air, or an electric current
generated at the individual factory ?

At first sight one would be inclined to answer that
without doubt the electric driving of individual machines
over an area of, at any rate, fifty square miles from a
single centre must be the cheaper. For can we not
employ quite thin electric mains and still have only a
small percentage loss of energy in transmission, by using
a very high electric pressure and sending through the
mains a comparatively small current, whereas we have
no means of compressing coal, so that not merely its

volume, but also its weight and its cost of transport, can
be greatly diminished for a given amount of coal-energy
conveyed ? No doubt ; but Great Britain has its Board
of Trade, and that body not unnaturally looks with dis-

favour on the overhead wires in Western America, which
are maintained at so high an electric pressure that it is

only the spitting and brush-discharge that occurs which
prevent a higher pressure being employed. For that is-

how the commercial limit of 40,000 volts has been arrived

at in the United States for overhead electric transmissior*

of energy.
Eleven thousand volts is the highest potential difference

that has hitherto been allowed—even for buried con-
ductors—by our Board of Trade, and even that pressure

has been employed in connection with only two systems
of transmission, viz. the one from the London Electric

Supply Company's generating station at Deptford to

their transforming stations at Trafalgar Square, Bond
Street, &c., and the other from the Metropolitan Electric

Supply Company's new generating station at VVillesden

to their transforming stations at Amberley Road,
Manchester Square, &c.
The promoters of the four Power Bills, therefore, do

not contemplate using at the outset a higher pressure
than 10,000 volts, or sending more than 1000 kilowatts

—that is, 1340 horse-power—through a single under-
ground cable. The evidence as to the cost of such a
cable showed that it could be made and laid for some-
thing like 1400/. a mile ; some of the witnesses said 1000/.,

while others thought that was a "promoter's figure," since

they had not succeeded in getting similar cables con-

structed and laid in trenches m their own districts under
1800/. a mile.
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It is well known that the relatively high price of

electric-lighting arises from the small fraction of the

twenty-four hours dunng which there is any great de-

mand for electric energy, so that it is necessary to fit

up in an electric-light central station engines and
dynamos which can develop something like ten times

as much horse-power as would be necessary to deliver

the same total amount of electric energy in the twenty-
four hours if the demand were a steady one. This is

expressed by saying that the " load factor " is lo per

cent. In one or two English towns the load factor is

actually as low as 6, and in very few cases is it higher
than 12 per cent.

Now it was urged that if an electric generating station,

instead of supplying current simply for electrically light-

ing a single town, were to supply electric energy for all

sorts of purposes throughout a large district, the load
factor would be very much higher, and the cost of pro-

duction would, be proportionately diminished. For ex-

ample, with electric tramway work the load factor is

about 40 per cent., that is to say, about 40 per cent, as
much electric energy is used by the cars as could be pro-

duced by all the engines and dynamos in the tramway
station if they were working at full load continuously
day and night. With factories again, it was estimated
that a load factor of some 30 per cent, might be obtained.

Hence it was urged that one of these large electric

power stations might rely on a load factor of about

25 per cent.

With this load factor of 25 per cent., it was estimated
by Mr. Ferranti, for example, that if a generating station

were erected in the coal-fields at a spot with a good
supply of water for condensing the steam, and if the
plant capacity were about 16,000 horse-power—of which
400P would be kept as a reserve—the entire cost of
generating a Board of Trade unit would be about o'^^d.^

and the cost of transmitting it o'2d. So that it could be
sold to the consumer at lid., and a good business done,
as contrasted with the ^d. or 6d. per unit now charged
to private consumers in English towns.
As opposed to this, it was urged by central station

engineers and others that this supposed great economy
to be obtained by erecting electric generating stations at

the pit's mouth and transmitting the energy electrically

through considerable lengths of buried conductors was
imaginary; that in towns like Manchester, Liverpool,

Southport, Bolton, Cardiff, Newport, &c., electric energy
for driving machinery was already offered to the public
at as low a price as the promoters of these Bills proposed
to offer it, that the fraction of the cost of delivering a
Board of Trade unit which could be debited to the coal
alone was small, and that the proportion arising from the
mere cost of carrying the coal was still smaller.

As a matter of fact, although the average prices

obtained for private electric lighting are 349^?.,

4"o4c/., 4-10^., 4'68(/., 4-6gd., y2()d. per Board of Trade
unit by the Corporations of Manchester, Bolton, South-
port, Cardiff, Liverpool and Newport respectively, any
person in Manchester who desires to run an electro-

motor, no matter how small it may be, during the whole
of the ordinary factory hours, only pays now i\d. a unit

to the Corporation. In Bolton he is charged V2,Sd. if he
takes his full demand for 640 out of the possible 2184
hours in a quarter. Southport charges the Tramway
Company ijd. per unit. Cardiff offers the unit at 2d. if

4C00 units are taken per annum—which means a single

motor of only i horse-power running for about eight

hours a day for 300 days in the year. The Liverpool
Tramway Company pays the Corporation only o'gd. per
unit ; while in Newport, i\,d. is the price charged if more
than 3000 units per quarter are taken.

The sweeping accusations, therefore, that some of the

witnesses levelled against the local authorities of su-

pineness, indifference to the public needs, &c., were
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hardly borne out ; while such evidence as that of the
electrical engineer of Southport, that the carriage of coal

to that borough increased the cost of the unit by only
one-twelfth of a penny, and of the electrical engineer of
Manchester, that the charge for interest on the cost of
buried cables added o"49d. to the value of the Board of
Trade unit if it were transmitted twenty-five miles,

whereas the cost of conveying the equivalent amount
of fuel by railway over the same distance only increased
the value of a Board of Trade unit of energy by oo59<f.,

that is by only about one-eighth of the former, combined
with the evidence that on the Continent and in America
cheap overhead vi'xxQ. transmission was allowed, and there-

fore was generally adopted, led the Committee to realise

the following, viz. :—that while the assent to the

new proposals might confer a great boon on collieries

and manufactories in scattered districts, a great wrong
might be inflicted if safeguards were not introduced to

prevent the introduction of the new electric schemes
crippling the natural development of those systems of

electric distribution which at present existed in this

country, and which had been brought to their present

condition by the expenditure of about 40 millions sterling

during the past ten years.

In addition to the opposition to all the four Bills, made
by private companies who had already obtained provi-

sional orders to supply electrical energy, and by local

authorities, some of whom had, and some of whom had
not, obtained statutory powers to act as electrical sup-

pliers, two of the Bills, viz. the Durham and the Tyne-
side, opposed one another. For whereas in the Durham
Bill the district up to and including the south side of the

Tyne is scheduled, in the other Bill both sides of the

Tyne, from the mouth to Ryton, are included.

The promoters of the Tyneside Bill maintained that

the two sides of the Tyne together naturally formed a

single supply district, and that a company which had
powers to supply the manufacturers on both sides with

electric energy could do so more economically than if it

was confined to the land along the north shore only. But
they added that they had no objection to competition on
the part of the proposed Durham Company or of any one
else.

The Durham promoters urged that they were includ-

ing in their area a lean portion towards the south of the

county of Durham, which they could only undertake to

supply if they were given the possession of the south bank
of the Tyne undisturbed by competition on the part of

the proposed Tyneside Company. It was also alleged

that, although these various Bills passed their second

reading because the President of the Board of Trade had
stated that he had " an assurance from the promoters to

the effect that they will undertake to agree to an

amendment in Committee which would make it per-

fectly clear that they do not ask for the power to dis-

tribute even in bulk without the consent of the local

authority," the Tynesidfe scheme really aimed at obtain-

ing /)/-/7/<^/,? way-leaves, and by skipping about the district

by means of overhead wires to supply even private cus-

,

tomers in retail without asking for the consent of any

local authority. And it was pointed out that the assent

to such a proposal would be manifestly unjust in view of

the fact that those who were already supplying under
" provisional orders," or who might obtain such orders,

were compelled under the terms of such an order to supply

every one within a certain "compulsory area" within a

limited time, as well as being subject to comply with

other obligations.

Serious opposition to the Tyneside Bill was also raised

by the Newcastle Electric Supply Company. This is

the company which for some years has been supplying

electric current to the east of the district of Newcastle-

upon-Tyne, but which, by arrangement with various local



July 26, 1900] NA TURE 299

Authorities and with the Walker and Wallsend Union
Gas Company—which obtained last year a Provisional
Order for supplying electric energy to the districts of
Wallsend and Willington Quay—has this session been
promoting a Bill for distributing electric energy through-
out a considerable area along the north of the Tyne to

the east of Newcastle.
Between the proposed Tyneside Company and the

existing Newcastle-on-Tyne Company a battle royal
raged in the Committee Room, not merely because the
area proposed by the one included that proposed by the
other, but because a certain site on the Tyne bank was
scheduled by both companies as the land on which they
proposed to erect a generating station.

The advocates of the Tyneside Company, led by Lord
Kelvin, asked, in fact, for authority to erect three gene-
rating stations—the one just referred to, one immediately
opposite on the south bank of the Tyne, and one on the
same bank, but much further west.
The advocates of the Newcastle-on-Tyne scheme, on

the other hand, pleaded that the first site should be left

to them, and urged, not unreasonably, that if the Tyne-
side Company confined its attention solely to that small
bit which lay on the north bank of the Tyne to the west
of Newcastle, of the whole of the area it contemplated, it

would have ample scope for the spending of its entire
capital, viz. a million sterling.

Indeed, one of the grounds of opposition to all the four
large schemes before this Committee was that, while
enormous areas were scheduled in the Bills, throughout
which it was proposed to distribute electric energy, the
capital asked for by any one of these companies was
only a few hundred thousand pounds, or not more than
a million, even when, as in the case of the Tyneside
Bill, it was increased to that amount while the Bill was
before the Committee. To this the advocates of these four
Bills replied that the amounts put down for capital, even
as increased during the progress of the Bills through
Committee, were only intended to enable a start to be
made, and that after a few years the companies would
necessarily come to Parliament again for a large increase
in capital. Further, that while it was proposed to start

with erecting in each of the four districts a smgle 10,000
horse-power electric generating station, in a i^w years
50,000 or more horse-power would have to be electrically
delivered in each of these districts if the Bills passed.

Excepting the Newcastle-on-Tyne Bill, which came be-
fore another Committee, the Lancashire Bill was the
most moderate. On the other hand, the South Wales
Bill was the most grasping, for it was the only one which
professedly aimed at obtaining powers to invade a town
and break up its streets without the consent and even
against the wish of the local authority if the person whom
the company aimed at supplying with electric energy
was a " wholesale customer." And such a customer was
defined in the Bill as one who was prepared to take
20,000 units a year.

Those who drafted this Bill no doubt were under the
impression that there were very few people in the io;o
square miles of the counties of Glamorgan and Monmou'ch
covered by this Bill who at present took more than
20,000 units a year. And no doubt that was the case, for
only some six could be cited by those who represented the
Corporations of Cardiff and Newport. But hitherto it has
been almost exclusively for lighting that people in these
boroughs have taken electric energy, and when from the
electric supply systems of these Corporations, or from
the mains of some outside company—should such a
company gain access—manufacturers begin to receive
current for working electro-motors, then a 20,000 unit
customer would only pay 83/. bs. jd. a year for his energy,
at \d. a unit, and therefore in no sense could he come
under the category of " wholesale."
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In fact, when the promoters of the South Wales Bill

realised that even a 3 horse-power motor running con-

tinuously day and night—in connection, for example, with

a blast furnace—would consume 20,000 units a year, and
that a 9 horse-power motor working ten hours a day for

300 days in the year would require the same amount of

electric energy, they saw that their " wholesale customer "

would have to be thrown overboard.
In despair, however, the promoters still clung to the

reed that a local authority could not if it would, and
should not if it could, erect plant for supplying factories

with electric energy on the large scale contemplated by
these Electric Power Distribution Companies, and they
urged that the ratepayers' money ought not to be used
for specalative purposes, forgetful apparently that, ever>

when a local authority has bought up an electric supply
undertaking at twice the sum that it cost the private com-
pany to erect it, the rates have been ultimately relieved

in consequence of the purchase, and the ratepayers there-

fore benefited by the local authority becoming a purveyor
of electric energy.

Ultimately, on Wednesday, June 27, the chairman. Sir

James Kitson, who it is important to remember is not
merely an M.P., but what is far more important the head
of a great manufacturing firm, a director of a great rail-

way, and the ex-Mayor of a great city, made the following

most excellent declaration :

—

"A local authority which undertakes and is prepared
to give a full and ample supply of electrical energy for all

purposes to consumers within its district ought not, with-

out its consent, to be required to give facilities for the
supply, within its district, of electrical energy by other
undertakers. But if a local authority is unable or unwill-

ing to provide on reasonable terms and within a reasonable
time a full and adequate supply of electrical energy for any
purpose to any company or person applying for the same
within its district, such company or person should be at

liberty, after notice to the local authority, to obtain their

supply from other authorised undertakers, and the local

authority should be required to give all necessary facilities

for this purpose. Any difficulty arising out of the above
questions should be subject to arbitration as provided by
the general Acts.''

Doubtless this decision did not please all ; but how
acceptable was it to those who, like myself, have been
hungering for the realisation of our dream of twenty-one
years ago—" power brought to the workman, not the

workman to the power "—but who have seen with appre-
hension the growth of obstacles nourished by England's
spirit of masterly inactivity and by its not unnatural, nor
wholly unwise, veneration of vested interests.

For now local authorities are put on their metal. If

you realise, says Sir James Kitson's Committee, what
are your duties in providing all your people with " an
ample supply of electrical energy for all purposes," we
will be no parties to any hindrance through competition
being put in your way. But if your district be one in

which bumbledon reigns supreme, then our declaration

is that no municipal barrier shall be left standing to

oppose the free entrance of those who come with offers

of cheap electric energy.
,

Next, on Thursday, June 28, the formal statement was
made by the Chairman:—" that the preamble of the South
Wales Electrical Supply Bill is proved, also that the pre-

amble of the Durham (County of) Electric Power Supply
Bill is proved ; and the preamble of the Tyneside Elec-

tric Power Bill is not proved to the satisfaction of the

Committee, and that the preamble of the Lancashire
Electric Power Bill is proved to the satisfaction of the

Committee." Then followed the lengthy process of draft-

ing the clauses, and finally, on July 16, these three Bills,

of which the preambles had been reported by the Com-
mittee as proved, were read a third time in the House.

On the following day, the North Metropolitan Electric



300 NATURE [July 26, 1900

Power Supply Bill, which;, asks for authority to supply

electric energy, over a smaller region, consisting of the

districts of Hornsey, Hendon, Barnet, St. Albans,

HatAeld, Hertford, Ware, . &c.,:, was, after being con-

sidered by another Committee of the House of Commons,
read for a third time*^ and 6nally, on Tuesday, July 24,

the Newcastle-on-Tyne Electric Supply Companies
scheme already referred to in this article receivesd the

sanction of a Committee of the House of Lords.

The era of Electrical Power Distribution en a vast

scale in our country has, therefore, begun.
W. E. AVRTON.

THE DAILY WEATHER REPORT 0^ THE
METEOROLOGICAL OFFICE.

npHE Meteorological Council has made provisional
*• arrangements for the sale of single copies of the

Daily Weather Report at a penny each from the first of

August next. The copies will be on. sale from about

3 o'clock of the afternoon of the day of issue at the
Meteorological Office and at the railway bookstalls of the
following terminal railway stations in London : Victoria
(S. E. & C. and L. B. & S. C), Charing Cross, St.

Pancras, King's Cross and Euston. Hitherto the issue

of the reports has been confined to certain public offices

and institutions, and to annual or quarterly subscribers.

The distribution has been by hand or by book-post. The
area within which delivery can be effected on the day of
issue is necessarily verj: limited, and it is hoped that the
facilities afforded by the new arrangement may bring the

information which the reports contain within the reach
of some of those interested in the subject who live out-

side the present limits of delivery on the day of issue. If

the provisional arrangement should make it apparent that
there is any public demand for the accommodation, efforts

will be made to continue and extend it.

From the same date some modifications will be intro-

duced into the form of the Report. The morning and
evening observations of the telegraphic reporting stations
will appear on the first page as usual, but the two charts
on the second page, representing the morning distribu-

tion of pressure, wind and sea, and of temperature and
weather respectively, will be supplemented by three
smaller charts. One will represent the barometric dis-

tribution over the whole of Europe at 8 a.m. of the pre-
ceding day in order that the general atmospheric changes
may be more readily traced. Another will represent
mean monthly or bi-monthly morning isotherms for the
British Isles, so that the distribution of temperature for

the day may be easily compared with the normal distri-

bution for the season as estimated for a period of twenty-
five years. The third will represent the distribution of
mean maximum temperature estimated in a similar
manner.

There will also be several changes on the fourth page
of the Report. Instead of " General Remarks on the
Weather over Europe " there will be a table giving the
latest information in the possession of the Office as to
maximum and minimum temperature, rainfall, and
weather at selected stations on the Continent and else-

where which are beyond the area represented by the
telegraphic reports. The selection of the stations will

be mainly determined by the current interests of tra-

vellers, and will be varied from time to time accordmg to
the information available.

The information as to the weather in the British Islands
will also be supplemented by data as to sunshine for the
preceding day from a number of stations which will re-

port by post, and it is intended, in course of time, to

replace "yesterday's 2 p.m. reports " by postal reports
of maximum and minimum temperature and rainfall for

A number of inland stations which are expected to prove
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a useful addition to the telegraphic reports of the first

page.
For convenienc^e of reference a small supplemental table

will give the Greenwich time of sunrise, noon, and sunset

for four selected stations in the British Isles, so that the

variation in the duration of daylight and the standard
times of local noon for any locality may be ascertained.

. • W. N. Shaw.

THE BRADFORD MEETING OF THE
BRITISH ASSOCIATION.

THE local arrangements for the Bradford meeting of

the British Association in September next are now
rapidly approaching completion. The railway companies
have agreed to give the usual special facilities, both to

visitors who come to Bradford from long distances, and
to members resident in Yorkshire who travel to and fro

every day. Those persons who attend the meeting can

obtain a return ticket from nearly all the railway com-
panies at a fare and a quarter, provided they present to

the booking-clerk a certificate, which can be obtained on

application to the local office at 5, Forster Square. Any
Members or Associates visiting Bradford day by day, and
staying in places within fifty miles of the city, can obtain

return tickets at the single fare on presenting their card

of membership to the booking-clerk in Bradford. The
following railway companies have entered into this

arrangement :—the Caledonian, the Great Eastern, the

Great Central, the Great Northern, the Great Western,

Lanes, and Yorks , London, Brighton and South Coast,

London and North Western, London and South Western,

Midland, North British, North Eastern, South Eastern,

Chatham aiid Dover, and the other companies belonging

to the Associated Railways.

The local programme is now in the press, and will be

issued within the next fortnight to the Members and

Associates who have notified their intention of being

present. The following items, however, will give a brief

summary of the information contained in it :
—

General Programme.

Wednesday, September 5.—4 p.m. : Meeting of General

Committee at the Town Hall ; 8.30 p.m. : the President's

Address in St. George's Hall.

Thursday, September 6.—3.30 p.m. : Reception at the

Technical College (Textile Exhibition) ; 8.30 p.m. : the

Mayor's Conversazione in St. George's Hall.

Friday, September 7.—8.30 p.m. : Lecture in St.

George's Hall by Prof. Gotch, F.R.S., on "Animal
Electricity" ; 9.30 p.m. : Smoking Concert in the Tech-

nical College in honour of the President.

Saturday, September 8.—Excursions (half-day) ; 8 p.m.

:

Artisans' Lecture in St. George's Hall, by Prof. Silvanus

Thompson, F.R.S.

Sunday, September 9.— 10.30 a.m. : Sermon by the

Bishop of Ripon in the Parish Church.

Monday, September 10.—3.30 p.m. : Corporation Gar-

den Party in Lister Park ; 8.30 p.m. : Lecture in St.

George's Hall by Prof. W. Stroud, D.Sc, on " Range
Finders."

Tuesday, September 1 1.—8.30 p.m. : Corporation Soiree

in St. George's Hall.

Wednesday, September 12.— 3.30 p.m. : Private Garden

Parties ; 8 p m. : Full-Dress Concert in St. George's

Hall (Festival Choral Society ;
Permanent Orchestra ;

conductor, Mr. F. H. Cowen ; Miss Ella Russell).

Thursday, September 13.—Excursions (whole day).

The conferences of delegates of corresponding societies

will be held on Thursday, September 6, and Tuesday,

September 1 1, at 3 p.m., at the Reception Rooms.
The Reception Room at the Grammar School will be

opened on Monday, September 3, at 2 p.m. to 6 p.m.,
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and on the following week-days at 8 a.m. to 6 p.m. On
Sunday, September 9, the Reception Rooms will be open
from 9 to 10.30 a.m., and from 3 to 5 p.m.
The temporary Museum in connection with the

Sections is this year being made a special feature, more
particularly in regard to Geology, Botany and Zoology.
Joint meetings are being held, on certain days, of the
Geological and Botanical Sections, to take up the subject
of Carboniferous fossils, and it is proposed to form a col-

lection of fossils found in the neighbourhood to illustrate

<he papers as much as possible ; and also to display
photographs bearing on the subject, taken from the
Geological Society's collection in London. These ex-
' ibits will form the nucleus of the Museum, but there

ill also be other collections bearing on the main sub-
ts dealt with by some of the other Sections. At the
unicipal Technical College there will be an Exhibition

during the week illustrative of the staple trades of the
<iistrict ; visitors will pass from room to room, and will

the gradual development, through innumerable pro-
ses, of the most elaborate fabrics from the unwashed
eces. On Thursday afternoon, September 6, the Ex-
bition will be opened by Mr. W. E. B. Priestley, the
airman of the College, and a Reception held, to which
visitors to the meeting will be invited. .

The preparations for the Excursions and Garden-parties
nearly complete, and full details will be given in the
t article. Ramsden Bacchus.

NOTES.
Prof, R, Lipschitz, professor of mathematics in the Uni-

ersity of Bonn, has be^n elected a correspondant in the section

geometry of the Paris Academy of Sciences.

Lord Kelvin has been elected Master of the Worshipful

jmpany of Clothworkers for the year 1900-1901.

Sir John Evans. K.C.B., F.R.S., has been elected chair-

in of the Society of Arts for the ensuing year.

Mr. Grant-Ogilvie, principal of the Heriot-Watt College,

been appointed director of the Museum of Science and Art,

linburgh-

The sixty-eighth annual meeting of the British Medical

Association will be held at Ipswich during next week, com-
mencing on Tuesday.

Dr. M. Armand Rufker, president of the sanitary, maritime,
and quarantine board of Egypt, has recieved from His Majesty
the Sultan of Turkey the Order and Insignia of the Medjidjieh

of the Second Class.

A CONFERENCE on the housing of the working classes,

under the auspices of the Sanitary Institute, will be held on July

JO and 3J, in the lecture-room of the Royal Medical and Chir-

urgical Society. In connection with the conference an exhibition

of models and plans will be held in the Parkes Museum.

It is stated in the Engineer that of the fifty- five ships

taking part in the naval manoeuvres this year, the Adrifnne,

Caviperdown, Jaseur, besides some others, are specially fitted

for wireless telegraphy. The Majestic and the Diadem have also

been fitted. Torpedo officers have charge of the installation in

•each case.

The thirty-seventh annual meeting of the British Pharma-
ceutical Conference was opened in London on Monday, under

the presidency of Mr. E. M. Holmes. An attractive programme
containing illustrations of the house of the Pharmaceutical

Society where the meetings will be held, the president, and
places to be visited, appears as a supplement to the current

number of the Pharmaceutical Journal.
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We learn from the British Medical Journal that the Madras

Government has passed an order sanctioning the excess expendi-

ture over the original grant of 6qo rupees incurred by Capt.

R. H, Elliott in connection with the prosecution of his researches

into the properties of snake venom, and has made him an

additional grant of 200 rupees to cover the cost of further experi-

ments. The Surgeon-General has been requested to report if

Capt. Elliott's services will be available for special duty at the

end of September when his tour of service terminates.

Prof. Henry F. Osborn has been appointed to succeed the

late Prof. O. C. Marsh as palaeontologist in the United States

Geological Survey. Prof. Osborn's special field of work will be

to take charge of the vertebrate palaeontology of the survey,

especially with reference to the completion of the monographs

for which the illustrations were prepared under the direction

of Prof. Marsh. Prof. Osborn graduated from Princeton in

1877, and was professor of comparative anatomy there until

1890. He was appointed Da Costa Professor of Zoology at

Columbia University in 1891, and curator of vertebrate palaeon-

tology at the American Museum of Natural History, New York.

He is. a member of the National Academy of Sciences and other

scientific bodies, and is the author of numerous papers and

memoirs on fossil mammals and reptiles.

The seventy-second annual meeting of the German Associa-

tion of Naturalists and Physicians will be opened at Aachen on

Monday, September 17. At the first general meeting, the ad-

vances of natural knowledge and medicine during the present

century will be surveyed. Prof, van 't Hoff will review the

progress of inorganic science ; Prof. O. Hertwig will discourse

on the development of biology ; Prof. B. Naunyn will deal with

internal medicine, including bacteriology of hygiene ; and Prof.

H. Chiari will speak on pathological anatomy in relation to

external medicines. At the second general meeting, to be held on

September 31, several scientific subjects of current interest will

be dealt with. Prof. J. Wolff will speak on the correlation be-

tween form and function of individual structures of organisms ;

Prof. E. V. Drygalski will describe the plan and purpose of the

German Antarctic expedition ; Prof. D. Hansemann will dis-

course upon cell-problems and their significance in the scientific

foundation of the treatment of disease ; and Prof. Holzaphel will

take as his subject the development of German coal-measures.

On September 19, the naturalists and physicians will meet in

separate groups. The questions to be brought before the former

group include the circulation of nitrogen in the organic world,

by Prof. M. W. Beyerink ; the latest investigations upon steel,

by Prof. E. F. Diirre ; and language and technical teaching from

a scientific standpoint, by Prof. Pietzker. The chief subject to be

discussed in the medical section is the neuron theory in its ana-

tomical, physiological and pathological aspects, by Profs. Ver-

wornand Nissl. The remainder of the meetings will be held in

the various sections of the Association, and as more than three

hundred communications will be made, there will be no lack of

subjects for discussion. In connection with the meeting, an ex-

hibition of physical, chemical, and .medical preparations and

apparatus will be held.

In the course of his presidential address, delivered to the

Society of Chemical Industry on July 18, Prof. Chandler

referred to some of the work of American chemists, and the

development of chemical processes of manufacture. Many
important investigations in agricultural chemistry have been

conducted by the chemical division of the United States De-

partment of Agriculture, among them being the practical deter-

mination of the number and activity of the nitrifying organisms

in soil, the influence of a soil rich in nitrogen on the nitrogen

content of a crop, the manufacture of sugar from the sorghum

plant, and the comparative study of typical soils of the United
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States. Of agricultural experiment stations there are now 59, and

the 148 chemists connected with them have done a large amount

of original investigation in subjects more or less closely allied to

agricultural and physiological chemistry. Prof. Chandler gave

a comprehensive account of the chemical industries. In par-

ticular he referred to the progress made in electro-chemistry,

and described the methods now adopted for the reduction of

aluminium at Niagara, and also for the manufacture of carborun-

dum and artificial graphite. Speaking of water-gas, he

described the opposition against its introduction for illumi-

nating purposes. The question came before the Health

Department of New York, and, after careful investigation,

the department decided that the gas was such an improve-

ment in quality and price, while the increased danger as

compared with that from old-fashioned coal-gas was so slight,

that it was not wise to interfere with it. The water-gas in-

dustry has now taken almost complete possession of the whole

country. There are at least 500 gas companies using water-

gas wholly or in part, and it is estimated that in 1899 three-

quarters of the entire consumption, or 52,500 million cubic feet,

consisted of carburetted water-gas. At the close of the address

the Society's medal, which is awarded not oftener fhan every

two years, was presented to Dr. Edward Schunck, F.R.S., in

recognition of his classical investigations on natural colouring

matters and other researches in connection with technical

chemistry.

We learn from the Times that the Select Committee to which

the Sea Fisheries Bill was referred, presented a special report to

the House of Commons on Thursday last expressing the view

that it would not be expedient to pass the measure into law

without further inquiry and investigation. The committee

regards it as proved beyond the possibility of dispute that there is

a very great and serious diminution of the fish supply, that the

ancient fishing grounds are much depleted, and that in default

of a remedy the consequences to the fishing industry and the fish

supply will at no very distant future be disastrous. The prohibi-

tion of the taking and killing of such fish is described as practi-

cally impossible without prohibiting trawling altogether. As
regards the prohibition of fishing within certain areas where small

fish more particularly abound, the Committee thinks that it is

established that there are certain well-known areas in the North

Sea where undersized small and young fish congregate, and that

to prevent fishing in such areas would be of great value. It is

pointed out, however, that such a result could not be obtained

without joint international action among the Powers bordering

the North Sea, and that the difficulties of such international

action and the policing necessarily ancillary thereto are obvious.

In conclusion, the Committee considers that no effort ought to be

spared— first, to arrange for international treatment of the sub-

ject generally, and especially for regulation of the North Sea

area ; and, secondly, to provide for the adequate equipment of

the Government department in charge of the subject, so that it

may effectively pursue scientific investigation, and ascertain with

sufficiency and precision what has been done in the way of

scientific research or in the matter of practical legislation by other

inquirers and by other countries.

Mr. E. H, L, Schwarz sends us from Cape Town some in-

teresting remarks upon the snake-stone, apropos of the facts

stated by Mr, Hervey in Nature of May 24 (p. 79) as to the

use of a stone by the Malays as a remedy for poisonous bites.

Snake-stones are fairly common in South Africa, and are de-

scribed as white, porous stones, which, when applied to the place

where the snake has bitten a person, adhere till all the poison is

drawn out into them, after which they are placed in milk, which

in turn draws the poison from the stones, and renders them

again fit for use. The farmers firmly believe they are taken from
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the head of a snake. It is suggested that snake-stones are

made of pumice. To the uneducated, the structure of pumice

has a close resemblance to that of bone, and this may possibly

explain the popular delusion that snake-stones are made of bone.

Mr. Schwarz thinks that the black colour of the stone, described

by Mr, Hervey, may have bee^ due to blood, or the stone may
have been a black variety of pumice, for there is an instance of

originally black pumice having been thrown up near the light-

house on Cape Agulhas. The fact that the fable of the stone

having been taken from the head of a snake is exactly the same

in the Malay States as is prevalent in South Africa is interesting,

though the Malay slaves which the early Dutch obtained from

Batavia in exchange for quaggas, zebras, ivory, &c., may have

carried the legend with them. It is not an uncommon custom

in Germany for people to carry about with them nuggets of

raw gold to draw out of their bodies all the more subtle evils,

such as those produced by spirits and devils, while for the

grosser evils they carry a potato. Is the snake-stone legend

a derivative of these, or are they subsequent to the snake-stone?

Magnetic observations were made at several stations upoti

the day of the recent total solar eclipse (May 28), under the

direction of Dr. L. A. Bauer. A brief statement of the results

is given in Terrestrial Magnetism. Ten observers were engaged

in the work, and eight complete series of observations were ob-

tained—seven for declination and one for horizontal intensity.

All the stations show a magnetic effect, which cannot be

referred to any other cause than that of the eclipse, the principal

effect occurring, like the fall in temperature, some minutes after

time of totality. The effect is as though part of the night hours

were interposed among the day hours, e.g. the declination at all

of the stations having passed the morning elongation and ap-

proaching the mean value of day, is increased about .2o"-4o" if

the declination be east, and decreased if the declination be

west ; whereas, the horizontal intensity approaching at the time

its minimum value for the A.'A.'^ ,
'\% increased iox a brief period

after time of totality. The observations and results will be

published in full in a Bulletin of the U.S. Coast and Geodetic

Survey.

The hot and dry spell which set in over a fortnight ago

promises still to continue, and although the mid-day temperatures

are not generally as high as they were on several days last week,

they are far in excess of the average. There have been three

days at Greenwich with the shade temperature above 90°, the

highest reading as yet being 94° on July 16. The nights are

also excessively warm, and on the night of July 22-23 the

lowest reading at Greenwich was 67° '6, which is warmer than

any night in July or August at Greenwich since August 8, 1846,

when the thermometer did not fall below 68°. During the last

week there have been five successive nights without the thermo-

meter falling as low as 60°. There has been no rain in London

for three weeks, and the same dry weather has been experienced

generally in the south-east of England. The conditions have

been less settled over the northern and western portions of our

islands, where rain has fallen at frequent intervals and no very

extreme temperatures have occurred.

From Dr. Oliver Lodge, F.R.S., we have received the re-

print of a very suggestive lecture on "Modern Views of

Matter," delivered before the Literary and Philosophical

Society of Liverpool in March last. In it Dr. Lodge discusses

the atomic theory, the ether, the conception of " electrons,"

and the still more recent hypothesis of the existence of

"corpuscles."

Arrangements have been made for six popular science

lectures for young people, under the general title of " The

World we Live On," to be delivered in Kensington Town
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Hall during October and November next, and we have no

d.oubt they will be as "instructive and entertaining" as the

programme promises, for the lecturers are all experienced ex-

ponents of science. The quotation " Pupils trained on books,

and books alone, are mere passive recipients of other people's

ideas," which we notice on the programme, is not a very

happy one ; for popular audiences are, after all, only "passive

recipients" of the ideas of the lecturer. Popular lectures upon

scientific subjects direct attention to natural phenomena, and

occasionally induce people to devote serious attention to some

branch of science. On this account they are valuable, but

there is of course a great difference between listening to an

eloquent lecturer, or witnessing striking demonstrations, and

s actually carrying out the most elementary experiments.

^^^^Writing to Sir Henry Burdett with reference to Mr. Craggs's

^^^Hkdowment of a travelling scholarship in connection with the

^^^^Pbndon School of Tropical Medicine, Mr. Chamberlain recently

^^^^Knarked :
—" My experience at the Colonial Office daily im-

^^^Hksscs upon me the extreme importance of doing something to

I^^^Bske life in our tropical colonies more healthy for those who
^^aife engaged there in the work of civilisation, whether as ad-

ministrators, missionaries or traders. Science has already given

us promise of good results in the near future, and nothing, I

believe, can conduce more powerfully to a speedy and satisfac-

tory result than such researches as those which Mr. Craggs has

in contemplation. I hope that his munificent action may be

followed by other benefactors, so that the work may be simul-

taneously pursued in different countries." The scholarship is

one of 300/. per annum, tenable for three years, and is for

research in tropical disease.' The first scholar is now attached

to an expedition which is engaged in attempting to give practical

application to the theory of the inoculation of the human being

with the malaria parasite through the medium of the mosquito.

The expedition has been equipped by the Colonial Office and is

now stationed in one of the most malarious districts of the

Roman Campagna. When this experiment is completed, at

the expiration of six months, the scholar will proceed to the

West Indies, thence to the West Coast and probably to the

interior of Africa.

The fourteenth volume (for the year 1898) of the Analele of

the Meteorological Institute of Roumania has just been pub-
lished Besides the usual tables, it contains several important
memoirs. M. St. Murat compares the magnetic instruments of

the Institute with those of the Observatory of Pare St. Maur,
and describes the observations made during 1898. The
director, Dr. Hepites, studies the climatology of Braila and of

the Roumanian littoral of the Black Sea, the distribution of
rainfall in Roumania during 1898 (this paper being illustrated by
a series of monthly inaps), and the earthquakes during' the same
year. Brief accounts are given of eleven shocks, all of them
of very slight intensity.

It appears from Part ii. of the Eighteenth Annual Report of
the Fishery Board for Scotland that the sabnon fishery for

1899 turned out considerably below the average of recent
years. It is true that the weight of salmon forwarded by rail

and steamship during the year was slightly in excess of that

carried in 1898, but it was still 638 tons below the average;
and such slight improvement as took place is attributed to the
large run of grilse which occurred during the summer. Adult
fish seem to have been comparatively scarce. As the inspector
remarks, it is absolutely essential to the continuance of the
Scottish salmon fisheries that a stock of breeding fish sufficient
to counterbalance the loss caused by fishing, by the salmon's
natural enemies and by disease, must be maintained by some
means or other. It is satisfactory to learn that some proprietors
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have established hatching-stations in order to artificially increase

this supply. The inspector is, however, of opinion "that if

the present catching power continues to be developed, a very

great increase in the number and in the capacity of hatcheries

will be necessary to produce noticeable results." In artificially

augmenting the stock of salmon we must Necessarily be prepared

to compete with a vast mortality.

Among several papers interesting to entomologists in the June
number of the AgricuUtiral Gazette of New South Wales,

reference may be made to one by Mr. W. W. Froggatt, the

Government entomologist, on insects living in figs. The interiors

of young wild figs in all countries swarm with minute plant-

feeding Hymenoptera of the family CfiilcidLe. The males and
females of these minute insects differ from one another in colour,

size and shape; but the peculiar feature of the group is that,

instead of the females being degraded into a wingless condition,

it is the males that are devoid of wings, while they are also

frequently blind, with abnormally short legs and aborted antennoe,

A new Australian species is described and figured.

In the Victorian Naturalist for June, Mr. Robert Hall gives

an interesting account of the nesting habits of one of the
'

Australian diamond-birds [Pardalotus assimilis). In common
with some of their kindred, these birds make their nests at the

end of a tunnel drilled by themselves in a bank. " The nest is

made to fit in a cavity with a domed ceiling, excavated in the

hard subsoil at the end of the tunnel. This tunnel is ten inches

long, and is drilled with a slight upward tendency, as is usual in

most ground-boring birds. The nest entrance is two feet below
the surface of the ground, and in a creek-bank some nine

feet above a stream." Both sexes take part in the drilling

operations, one excavating while the other removes the rubbish,

but it seems that the task of incubation falls to the share of the

male.

In the June issue of the/oMs Hopkins University Circulars

will be found an important communication by Mr. L. E. Griffin

oa the arterial circulation in the nautilus.

We learn from the Bulletin of the New York Botanic

Garden that the herbarium has acquired during the year

specimens to the number of 70,000, and that over 4000 species

and varieties of plants, belonging to 172 families and 1057
genera, are under cultivation in the Garden.

We have received Supplement ix. to the Journal of Reading
College, consisting of the sixth annual report on field experi-

ments (for 1899), viz. :—field experiments in Dorset, Berkshire,

Oxfordshire and Hampshire ; spraying experiments on charlock ;

trials with sugar-beet ; the manuring of crops ; and notes on

manures.

Contributions from the Gray Herbarium of Harvard

University, New Series No. 19, consists of a synopsis of the

Mexican and Central American species of Salvia ; a revision of

the Mexican and Central American Solanums of the sub-section

Torvaria ; and some undescribed Mexican plants (chiefly

Labiatse and Solanaceoe), all by Mr. M. L. Fernald.

Herr Paul Sintenis announces that he is undertaking a

botanical exploration of the mountain region on the confines of

Turkestan and Persia, of the flora of which district very little is

at present known. The expedition will probably extend

through the present year. Application for sets of the plants

collected should be made to Herr Baurath J. Freyn, Smichow-
Prague.

Thk Agricultural and Mechanical College of Texas, judging

from the annual "Catalogue" for the session 1899-1900, is a

well-appointed and flourishing institution. Full information as
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to the various departments of the college, courses of study, &c.

,

is to be found in the "Catalogue," which also contains many
full-page illustrations of the college buildings, interiors of the

laboratories, &c.

ThkJournal of the Straits branch of the Royal Asiatic Society

for January, 1900, contains, inter alia, an important contribution

by Mr. H. N. Ridley on the flora of Singapore. The district

is a rich one, something like 1900 flowering plants, and 130 ferns

being recorded. Mr. Ridley opens with an interesting intro-

duction, in which he gives a sketch of the factors which determine

or modify the vegetation. He also describes some interesting

phenological facts, and finally gives a sketch of the history of

the botanical work in the Island. The chief space is, of course,

devoted to an enumeration of the plants, but it contains short

notes respecting the more striking individual species.

The revised edition of " First Records of British Flowering

Plants," by Mr. W. A. Clarke, just published by Messrs. West,

Newman and Co., is full of extracts of interest to every one who
finds pleasure in the study of the British flora. To members
of Field Clubs and Natural History Societies the book is par-

ticularly valuable. It gives, in the form of extracts from printed

botanical works published in Great Britain, the earliest notice

of each distinct species of our native and naturalised plants, the

last edition of the '* London Catalogue " being taken as a basis.

The volume thus provides a concise answer to the question

which a naturalist often asks, viz. :
" How long has this plant

been known as British ? " An interesting analysis of the " first

records " is given at the end of the book. William Turner was
the first to record the majority of our native plants. His works,

ranging from 1538 to 1568, contain notices of 238 flowering

plants, and may be considered the foundation of our British

flora. From Lobel (1570, &c.), Mr. Clarke obtains eighty first

records and from Gerard's famous Herball (1597), 182 species,

so that about 500 species of British plants were known and

described three hundred years ago. The book in which these

and many other particulars are given is one which every

naturalist should keep handy for reference.

The Proceedings of the London Mathematical Society (vol.

xxxi. ), containing papers read from April to December of last

year, have just been published by Mr. Francis Hodgson. The
titles and brief abstracts of the papers have already appeared

among our reports of societies.

The Great Eastern Railway Company's " Tourist Guide to

the Continent," edited by Mr. Percy Lindley, contains concise

notes and numerous illustrations of interesting and easily

accessible places in Holland, Belgium, Germany, Switzerland,

Norway, Denmark and Sweden. The book is a useful

travelling companion for Continental tourists, and is as matter-

of-fact as most guide-books.

The volume of Proceedings of the forty-eighth meeting of the

American Association for the Advancement of Science, held at

Columbus a year ago, has just been received. The presidential

addresses, papers and abstracts cover a wide field of scientific

work. A noteworthy feature is the series of portraits of former

presidents of the Association, accompanying an address by

Dr. Marcus Benjamin.

The value of a well chosen set of inorganic chemical pre-

parations as a part of a course of general chemistry is now
generally acknowledged, although the number of elementary

text-books dealing with this branch of the subject is compara-

tively small. The works of Prof. Erdmann, of Halle, in this

field are well known, and the English translation of his

"Introduction to Chemical Preparations" (Chapman and Hall)
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byDr.lF. L. Dunlap, the German edition of which has already

been noticed in these columns, will be of great service to

students in England and America.

The seventh part of vol. ii. of the seventh edition of

Fresenius's "Quantitative Chemical Analysis," translated from
the revised sixth edition by Mr. C. E. Groves, F.R.S., has just

been published by Messrs. J. and A. Churchill. This com-
pletes the new edition of the work, which has been revised

throughout. The special part, dealing largely with applications

of chemical analysis to industrial products and other technical

matters, has been considerably extended, and many new
analytical processes have been introduced. The last section of

the work includes sixty exercises especially designed for teaching

the theory and practice of quantitative chemical analysis. In

addition, there is an appendix containing analytical notes and

tables for the calculation of analyses. Practical chemists and

teachers are thus now provided with a complete new edition of

a standard work on analysis.

The reaction discovered by Lubawin of the formation of o-

amino-acids by the interaction of ammonium cyanide and alde-

hydes, has been extended by Dr. W. Gulewitsch to ketones, and
in the current number of the Berichte he describes the details of

the preparation of a-amino-isobutyric acid from acetone, the yield

under favourable conditions being as high as 74 per cent, of the

theoretical. The same number of the Berichte also contains a
masterly investigation of the action of soda solution upon nitroso-

benzene by Prof. Bamberger. No less than twelve substances

have been isolated from the products of this extremely complex

reaction, including azoxybenzene, nitrobenzene, aniline, /-nitroso-

phenol, o-amidophenol, /-amidophenol, hydrocyanic acid, am-
monia, and four new acids, and there are still further products

awaiting investigation.

The additions to the Zoological Society's Gardens during the

past week include a Bonnet Monkey {Macacus sitiicus) from

India, presented by Mr. P. M. Thornton ; a Rhesus Monkey
{Macacus rhesus) from India, presented by Miss A. N. Ball ;

a Humboldt's Lagothrix {Lagothrix humboldti) from the Upper
Amazons, presented by Mr. W. S. Churchill ; two Masked Para-

doxures {Paradoxurus larvatus) from China, presented by Mr.

W. T. Lay; a Senegal Parrot {Poeocephalus senegalus) from

West Africa, presented by Mr. S. Cordwell ; two Chukar

Partridges (Caccadis chukar) from North-west India, presented

by Mr. Chas. E. Pitman; a Missel Thrush {Turdus viscivorus),

European, presented by Mr. J. B. Williamson ; a Common
Cuckoo {Cuculus canorus), British, presented by Miss Lucy

Holland; two Larger Hill Mynahs {Gracula intermedia) from

Northern India, a Mauve-necked .Cassowary (CtWMarzMJ violi-

collis) from the Aru Islands, a Clumsy Tortoise
(
Testudo inepta)

from Mauritius, four Elephantine Tortoises {Testudo elephantina)

from the Aldabra Islands, an Alligator Terrapin {Chelydra

serpentina), six Blanding's Terrapins {Emys blandingi) from

North America, deposited ; a Guira Cuckoo ( Guira piririgua)

from Para, six Painted Frogs {Discoglossus pietus), South

European, purchased.

OUR ASTRONOMICAL COLUMN.
Astronomical Occurrences in August.

August 4. iih. 55m. Minimum of Algol (3 Persei).

7. 8h. 43m. ,, ,, ,,

7. 5h. Conjunction of Mars and Neptune. (Maas
i°27'N.)

9. Iih. 34m. to I2h. 40m. Moon occults the star

D.M. - 16°, 5609 (mag. 6).

II. Maximum of August meteoric shower. Perseids.

(Radiant 45° + 57°).



July 26, 1900] NATURE 305

12. i6h. lom. to I7h. lom. Moon occults k Piscium
(mag. 5),

13. 2oh. Venus at greatest brilliancy.

15. Venus. Illuminated portion of disc = 0'28o.
15. Mars. ,, ,, ,, = 0*933.
18. Saturn, Outer minor axis of outer ring = i8"*35.
18. I2h. 42m. to I3h. 24m. Moon occults i Tauri

(mag. 47).
18. I4h. 47m. to I5h. 39m. Moon occults 105 Tauri

(mag. 5-8).

19. Mercury at greatest elongation (18' 32' W.).
30. 22h. Venus in conjunction with moon, (Venus

i°49'S.).
22. Jupiter 26' S. of ^ Scorpii.

23. Ex pected return to perihelion of De Vico-Swift's
comet (1844- 1 894),

27, loh. 26m. ^Minimum of Algol (3 Persei).

New Variable in Herculis.— Prof, W, Ceraski, of the
Moscow Observatory, communicates to the Astronomische Nock-
richten (Bd. 153, No. 3650) the discovery of a new variable by
Mdme. Ceraski on photographs taken by M. S. Blajko. The
star's position is as follows :

—

R.A. Decl. Epoch.
h. m. s.

, //

18 30 54-8 ... + 25 55 49 ... (1855-0)
18 32 44-1 ... + 25 57 54 ... (1900-0)

The star is not found in the B. D. At maximum the star is

slightly brighter than 9th magnitude, decreasing to a minimum
of about 1 2th magnitude. At present its brightness is increasing.

New Star in Aquila.—A telegram from Prof. Pickering,
Cambridge, Mass., dated 1900 July 9, states that the Nova of
the 8th magnitude found by Mrs. Fleming in April 1899 is now
a nebula of 12 magnitude. Its position is

K.A. Decl.
h. m. s. „ ,

19 15 16 ... -o 19

A further statement is made in the Aslronomische Nachrichten
(Bd. 153, No, 3651) that the measures are from the photographs.

Meteoritic Theory of the Gegenschein.—In the Astro-
nomical Journal, No 483 (vol. xxi. pp. 17-21), Mr. F. R.
Moulton puts forward a mathematical analysis of the conditions
which would appertain if the Gegenschein were due to the pre-
sence of a more or less condensed region of meteorites. The
idea of the problem appears to have been suggested by remarks
of Prof. Barnard (who has made consistent observations of the
phenomenon during the last sixteen years) to the author.

Discovered by Brorsen about the middle of this century, very
! few systematic observations are recorded until those of Barnard,

I

who has made careful determinations both of its position and

I

shape. He comes to the conclusion that it is always exactly
opposite the sun, or as nearly so as can be determined. Other
observers have stated varying positions, but in the case of so
difficult an object it is advisable to consider the more systematic

I records as having greatest truth.
' After citing the well-known reasons for considering that inter-

planetary space is densely occupied by meteoric particles, mov-
mg with widely varying velocities in all directions, he supposes
that a great multitude will at any time be situated at the oppo-
sition point, and that a considerable proportion of these would

;
be under such initial (Conditions as to remain there for some

^ lime. Then the meteors being very small compared with the
earth, they are treated as infinitesimal bodies, disturbing neither
the earth nor each other. He also neglects the eccentricity of
the earth's orbit. Then referring the motion of one meteor to

rectangular axes with the origin at the centre of gravity of the
sun and the earth, he traces the conditions for stability for a
certain time. Then by slightly varying the conditions, he finds
the nature of the movement of the infinitesimal body with special
reference to the circumstances under which it will make periodic
oscillations around certain points. The result of successive in-

tegration suggests that meteors passing near one of these
selected points with the assumed conditions of motion would be

j

subject to forces directed nearly to this point, and would have a
!

tendency to revolve round it. Although after a few revolutions

,

they might escape, the average result would be a condensation

I

with respect to space, if not with respect to time. The difficult

point now to determine is whether a sufficient number would be
captured to become visible. If the meteors are revolving round
the sun at a distance of about 900,000 miles greater than the
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earth's mean distance, they will be moving slower than the
earth, which will gradually overtake them in longitude. As
they approach opposition they will be retarded and drawn in
towards the sun, their motion being thereby accelerated. The
net result of these actions will be to bring the meteors into the
plane of the ecliptic, thus causing the condensation at opposi-
tion, and explaining the tendency to an oscillation in latitude
which has been observed.

Instead of being exactly opposite the earth, the point of con-
densation will be nearly opposite the centre of gravity of the
earth and moon, and consequently the Gegenschein should have
a monthly oscillation in longitude of the nature indicated by the
observations of Douglass, but much less in extent. The oscilla-
tion in latitude would, however, be monthly also, instead of
yearly, as the observations tend to indicate.
A phenomenon, observed so far by Barnard alone, is the series

of marked changes to which the Gegenschein is subjected in short
periods of time, being large and round in September and the
beginning of October, becoming slightly elongated by the 4th or
5th, very much elongated by the loth or nth. and showing
merely as a swelling on the zodiacal band by the i8th. Although
this is not directly explicable, the shape of the Gegenschein will
depend oti the thickness of the zodiacal disc of meteorites, and if

the opposition point should pass through a dense portion of the
swarm it is readily conceivable that a change of form would
ensue. The distance of the opposition point works out at
930,240 miles from the earth. The period of oscillation would
be 183-304 days. It is thus suggested as possible that meteors
rnay move for long periods of time in the vicinity of the oppo-
sition point, in sufficient numbers to cause the faint glow of the
Gegenschein by reflecting the light of the sun. Reference is

finally made to a paper by M. Hugo Glyden in the Bulletin
Astronomique, Tome i, where similar views are enunciated.

Meteor of July 17.—A bright meteor was seen in many
parts of the north of England on the evening of Tuesday,
July 17, shortly before nine o'clock. A few particulars con-
cerning the phenomena are given by correspondents in the
Yorkshire Post. An observer at Menston-in-Wharfedale saw ;

the meteor at a point about N.N.W. from that place, and
about forty degrees above the horizon. At Wiseton, Notts,
it was seen at 8.47, and at Bramhope at 8.48. At Armley, a
hissing noise was heard, and the meteor seen to disappear .

close by.

THE GREATEARTHQUAKE OFJUNE 12, 1897,

"T^HE investigation of the great earthquake of June 12, 1897,
being the most extensive of which there is historic record,

has naturally led to important additions to our knowledge. A
detailed report of this earthquake, by Mr. R. D. Oldham, has
been published by the Indian Government,^ and its investiga-

tion suggested a line of further research, the results of which
have been published in the Philosophical Transactions of the
Royal Society.^ The principal results described in these bulky
publications are here given in the form of an abstract.

The known extent of the principal seismic area was about
1,200,000 square miles, a figure which will surprise many after the
statement that this was the greatest earthquake of which there
is historic record. One of the results of this earthquake was,
however, a re-examination of the records of the great Lisbon
earthquake of 1755, which has shown that the statements
regarding it, copied from one text-book to another, are grossly

exaggerated. The statement that it was felt in the lead mines
'

of Derbyshire is shown, by reference to the original record, to

be an error, the shock that was felt being clearly an independent,
local, though possibly sympathetic, shock. Apart from this,

there is but one doubtful record of its having been felt so far

north as England, though its effects were visible, both in

England and in Holland, in disturbances of the water in ponds.
The accounts of its having been felt in Iceland and America
refer to the sea-waves, which may travel to regions far beyond
the utmost limit at which the shock could be felt. Omitting
these records, taking only those which refer to the sensible

shock, and rounding off the seismic area to an elliptical form, it

^ " Report on the great earthquake of June 12, 1897." By R. D. Oldham.
Memoirs of the Geological Survey of India, vol. xxix. 1899, pp. xxx + 379
+ xviii ; 44 plates, 3 maps, 51 woodcuts in text.

2 "On the propagation of earthquake motion to great distances." By
R. D. Oldham, Phil. Trans., Series A, 1900, pp. 135-174.
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is found to cover not more than 1,000,000 square miles ; while

if the shock of June 12, 1897, is treated in a similar manner,

we obtain a total seismic area of over 1,750,000 square miles.

Owing to the paucity of good records, the. course of the

isoseists could not be traced in detail. The outermost isoseist

was, however, determined with approximate accuracy for about

half of its circumference. The seismic area presents a pecu-

liarity in that there is a detached area in the alluvium about

Ahmedabad over which the shock was felt, though it was unfelt

over a tract of about one hundred miles separating this alluvial

area from the furthest limit at which the shock was felt on rock.

It is also reported to have been felt at Burhanpur, on the border

of the Tapti valley alluvium, though it was felt nowhere else in

the neighbourhood. Outside the area over which it was felt

there are records, in India, of the passage of the earthquake
wave as indicated by the swinging of lamps, &c.

Apart from the records in India, there is good evidence that

it was felt in Italy ; the observers at Catania, Leghorn and
Spinea di Mestre all record having felt a slight shock at the

exact time when the instruments throughout Italy recorded the

advent of the first phase of the disturbance due to this earth-

quake. Had there been only a single record, it might have
been attributed to a distinct local shock ; but these three sepa-

rate records, all agreeing with each other in time, and also

with the advent of the first tremors, which, having a ])eriod of

about '5 second, might have been sensible, leaves little possi-

bility ot doubt that the Indian earthquake was actually felt. The
observers are, however, to be complimented on their acuteness

of observation.

The epifocal area is of a peculiar shape. Situated in Western
Assam and North-eastern Bengal, it is bounded on the south by
a straight line running about E.S.E, for some 200 miles ; on the

north it is bounded by a nearly symmetrical double sigmoid curve,

the maximum breadth being not less than 50 miles, and possibly

as much as twice this amount. Over the whole of this area

of not less than 6000 square miles, the intensity of the shock
was in excess of 10 degrees of the Rossi-Forel scale, and alter-

ations of level have taken place ; while for a year and more
afterwards earthquake shocks—some severe, but most feeble and
local—were very frequent. The changes of level were not only

shown by faults, one of which was traced for a distance of over

12 miles, and had in places a measured throw of over 30 feet,

and by differential changes of level, whereby streams were
dammed up into lakelets, but also by a remeasurement of some of

the triangles of the great Trigonometrical Survey. As the whole
of the triangles reobserved lay within the epifocal area, it is not

possible to say what amount of actual change has taken place
;

but changes of position of one hill relative to another were de-

termined, which reach as much as 24 feet in a vertical, and
12 feet in a horizontal, direction.

. The results of the triangulation, as published by the Trigono-
metrical Survey of India, indicate an increase in the horizontal

distances between the stations ; but in the geological report it is

shown that this is probably due to a shortening, by compression,

of that side which was assumed as an unaltered base-line. The
true nature of the focus is regarded as a thrust plane, from which
minor faults branched off, and in places appeared as such, while

elsewhere they died out before reaching the surface and merely
caused those changes of level which, where other circumstances

were favourable, led to the formation of lakes. No less than

thirty of these were observed, the largest having a length of

\\ miles and a breadth of f mile, and the smallest a few yards

across ; the depth varied from i to over 20 feet.

Within this epifocal area the violence was everywhere great,

though subject to great local increase in the neighbourhood of the

fault planes which extended upwards to the surface. Not only

were upright stones broken, but sound hardwood trees of a

diameter of 6 to 7 inches were snapped across by the violence of

the motion they were subjected tc ; no masonry building was
left standing, and the hill sides were scarred by landslips. In

many places it was noticed that stones lying on the ground had
been projected into and through the air.

The acceleration necessary to cause the fracture of standing

monoliths, or sound hardwood trees, must have been great

—

much greater than the measured accelerations, as determined by
West's formula from overturned tombstones, which range up to

32 feet per sec, per sec. It is doubtful, however, whether
West's formula is applicable to cases where the height of the over-

turned column is less than three or four times its diameter ; in

the earthquake of 1897 all the high accelerations were obtained
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in places where there must have been a large vertical component
in the wave motion, and the overthrow of squat pillars is

regarded as a modified form of projection. It is improbable
that accelerations of over 6 feet per sec. per sec. can occur,

except in the vicinity of the epicentre, where there is a consider-

able vertical component in the wave motion, and the excessive

accelerations which have been supposed to have been measured
in the case of other earthquakes must be regarded with suspicion.

Opportunity was taken to review the various formula for

deducting the accleration and velocity of movement of the wave-
particle ; these have been all collected in an appendix and dis-

cussed. One result of the discussion is in a manner reactionary,

for the one quantity which it was believed could be determined
with real accuracy, the velocity as deduced from projection, is

shown not to be due to wave motion at all. The velocities

deduced from observed projections are shown to lead to im-

possible results if combined either with the deduced acclerations

or with any conceivable amplitude or period, and the conclusion

is come to that the projection of solid objects was due, not to

molecular wave motion, but to a molar displacement of the

ground, resulting in permanent changes of level.

Instances of the rotation of objects, both within and without

the epicentre, were numerous. As many as possible of these were

carefully measured to determine, not only the angular rotation,

but also the direction and amount of displacement of the centre

of gravity. From a careful examination of the data, it is shown
that none of the attempts to explain rotation by simple rectilinear

niotion are in accordance with the observed facts, and that it is

necessary to accept the explanation of vorticose motion. This

vorticose motion does not, however, take the form of angular

rotation as has been assumed by some investigators, but the

whole ground either moves in a more or less circular track, or is

subject to a more or less rectilinear to-and-fro motion, whose
direction changes continually in azimuth.

Over a large alluvial area the river channels were narrowed,

railway lines bent into sharp curves, and bridges compressed

and destroyed, much as in the Japanese earthquake of 1891.

This compression is shown to have been due, in all cases, to dis

placement of the superficial alluvium, and not to any general

compression. Over this same alluvial area fissures and sand

vents were opened in myriads. With regard to the fissures, it is

shown that Mallet's explanation of their formation by unsupported

masses of clay being thrown off" from free surfaces by their own
inertia is incomplete, and that they were formed in places where

no such action could have taken place. It is suggested that in

such cases the fissures were due to the visible surface undulations

which were noticed by many observers. The sand vents were

formed in such numbers that large areas were temporarily

flooded by the volumes of water which issued from them with

such force that it rose in solid columns to a height of 3 feet

and more from the ground, while splashes and spouts are said

to have reached 18 or 20 feet in height. It is noteworthy

that in several cases these sand vents are said to have been

formed after the passage of the shock, and flowed for a period

of half an hour or, according to some, several hours. This is

attributed to the settling of clay beds on to underlying quick-

sands, which supported the overlying beds as long as these were

continuous, but would not do so after they had been broken up

by the earthquake.

Earthquake sounds were very loud and. conspicuous, but the

data available do not allow of much advance in this difficult

branch of seismology. In some cases explosive sounds of short

duration were heard after the earthquake had passed, and the

connection of these with the " Barisal guns," " mistpoeff'ers,"

"marina" and other similar phenomena is discussed, all being

regarded as probably in the main seismic.

The most important results obtained are probably those con-

nected with the rate of propagation. Numerous time observa-

tions in India yield a time curve with double curvature

like that of Schmidt's "hodograph," but the curvature is

too slight to accord with it, and the true time curve is

shown to be most probably a straight line indicating a uniform rate

of propagation of 3'o km. per sec. Turning from the observed

rate of propagation of the sensible shock to the distant records,

it is shown that the records of the Italian seismographs exhibit

three principal phases of motion, after each of which there

is a marked diminution of movement. The first of these gives

an average rate of propagation of 9 6 km. per sec, the second of

5-6 km. per sec, and the third, the phase of long period undu-

lation, accompanied by marked tilting of the ground, a rate of
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transmission of 3'o km. per sec. The agreement of this with

the observed rate of transmission of the sensible shock is held to

indicate that both are due to a form of wave motion which was
propagated at a uniform rate along the surface of the earth.

The first two phases, it is suggested, are due to wave motion
transmitted through the interior of the earth, and as in the pre-

imably isotropic, or nearly so, material of the interior of the

trth a separation of condensational and distortional waves
.uuld take place, which Knott and Rudzki have shown to be

impossible in the rocks of which the surface of the earth is com-
posed, it is suggested that these two phases are due to the arrival

of the condensational and distortional waves respectively,

travelling by brachisto-chronic paths through the interior of the

earth.

This suggestion is followed up in the second paper. The
published records of distant earthquakes were looked up, and
those selected of which the time and place of origin were
known within a limit of error of i minute of time and i minute
of arc respectively. Further, on account of the known im-

possibility of separation of the two simple forms of elastic wave
motion in the surface crust of the earth, only those records were
considered which came from a distance of not less than 20°

- of arc from the epicentre.

Seven distinct earthquakes were found of which the published

_' records satisfied all these conditions, and as in some of them
' there was more than one shock, they constituted eleven distinct

shocks. From the published records were extracted (i) the

time of commencement of the record ; (2) the time of any
'' sudden increase of movement, when recorded ; and (3) the time
' of maximum displacement. Tabulating these, it is tound that

each earthquake exhibits a three-phase character in the record
;

/and, further, that if the times are plotted and a curve drawn
' through them, the time curves of the first two phases show pre-

; cisely that curvature which Prof. Rudzki's investigations show
to be characteristic of wave motion propagated along brachisto-

chronic paths through the earth, where the rate of propagation
' increases with the depth. Continuing these curves by extra-

polation to the origin, they give rates of propagation fairly con-

cordant with the rates of propagation of condensational and
distortional waves as experimentally determined for ordinary

rock. As a subsidiary part of this investigation, it is shown that

the " preliminary tremors" of earthquakes coming from Japan
Vto Europe reach a depth of about "45 of the radius from the

surface, attain there a maximum velocity of 14*5 km. per sec.

for the condensational, and 8*8 km. per sec. for the distortional

wave, and traverse a medium which has, at that point, a bulk
modulus of 17 times, and a rigidity of about 21*5 times that of

granite.

The records of the third phase show some irregularity, but
the time curve is a straight line, pointing to a uniform rate of

transmission along the surface. There is, however, some indic-

ation that in the case of the greatest earthquakes it is higher
than in the case of lesser ones ; in other words, that the rate of
transmission is in some way dependent on the magnitude of the
earthquake, hence, probably, on the size of the wave. From
this it is concluded that the propagation of these surface undu-
lations is, in part at least, gravitational.

EXPLORATIONS OF THE ''ALBATROSS" IN
THE PACIFIC.^

AVTE left San Francisco in August of last year, and in latitude
31° 10' N., and longitude 125° W., we made our first

sounding in 1955 fathoms, about 320 miles from Point Concep-
tion, the nearest land. We occupied 26 stations until we reached
the northern edge of the plateau from which rise the Marquesas
Islands, having run from station No. i, a distance of 3800 miles,

in a straight line.

At station No. 2 the depth had increased to 2368 fathoms,
the nearest land, Guadeloupe Island, being about 450 miles,
and Point Conception nearly 500 miles, distant. The depth
gradually increased to 2628, 2740, 2810, 2881, 3003 and 3088
fathoms, the last in lat. 16° 38' N., long. 130' 14' W., the
deepest sounding we obtained thus far in the unexplored part
of the Pacific through which we were passing. From that point

1 Abridged from letters written to the Hon. George M. Bowers, U.S.
ninissioner of Fish and Fisheries, >Vashington. D.C., by Mr. Alexander
i-siz, leader of the expedition of the U.S. Fish Commission Stsamer
i.'ross to the Pacific.
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the depths varied from 2883 to 2690 and 2776, diminishing to

2583, and gradually passing to 2440, 2463 and 2475 fathoms
until off the Marquesas, in lat. 7° 58' S., long. 139° 08' W., the

depth became 2287 fathoms. It then passed to 1929, 1802 and
104a fathoms in lat. 8° 41' S., long. 139° 46' W., Nukuhiva
Island being about 20 miles distant. Bet>veen Nukuhiva and
Houa-Houna (UarHuka) Islands we obtained 830 fathoms, arjd

5 miles south of Nukuhiva 687 fathoms. When leaving Nuku-
hiva for the Paumotus we sounded in 1284 fathoms about 9
miles south of that island. These soundings seem to show that

this part of the Marquesas rises from a plateau having a depth of

2000 fathoms and about 50 irjiles in width, as at station No. 29
we sounded in 1932 fathoms. ,

Between the Marquesas and the north-western extremity of
the Paumotus we occupied nine stations, the greatest depth on
that line being at station No. 31, in lat. 12° 20' S., and long.

144° 15' W. The depths varied between 2451 and 2527 fathoms,

and diminished to 1208 fathoms off the west end of Ahii, and
then to 706 fathoms when about 16 miles N.E. of Avatoru Pass
in Rairoa Island.

Between Makatea and Tahiti we made eight soundings, begin-

ning with 1363 fathoms, 2 miles off the southern end of Makatea,
passing to 2238, 2363 (the greatest depth on that line), to 2224,

1930, 1585, 775, and finally 867 fathoms off Point Venus.
The deep basin developed by our soundings between lat.

24° 30' N., and lat. 6° 25' S., varying in depth from nearly 3100
fathoms to a little less than 2500 fathoms, is probably the

western extension of a deep basin indicated by two soundings on
the charts, to the eastward of our line, in longitudes 125° and
120° W., and latitudes 9° and li° N., one of over 3100 fathoms,

the other of more than 2550 fathoms, showing this part of the

Pacific to be of considerable depth and to form a uniformly

deep basin of great extent, continuing westward probably,

judging from the soundings, for a long distance.

I would propose, in accordance with the practice adopted for

naming such well-defined basins of the ocean, that this large

depression of the Central Pacific, extending for nearly thirty

degrees of latitude, be named Moser Basin.

The character of the bottom of this basin is most interesting.

The haul of the trawl made at station No. 2, lat. 28° 23' N.,

long. 126° 57' W., brought up the bag full of red clay and man-
ganese nodules with sharks' teeth and cetacean ear-bones ; and
at nearly all our stations we had indications of manganese
nodules. At station No. 13, in 2690 fathoms, lat. 9° 57' N.,
long. 137° 47' W., we again obtained a fine trawl haul of man-
ganese nodules and red clay ; there must have been at least

enough to fill a 40-gallon barrel.

The nodules of our first haul were either slabs from 6 to 18

inches in length and 4 to 6 inches in thickness, or small nodules

ranging in size from that of a walnut to a lentil or less ; while

those brought up at station No. 13 consisted mainly of nodules

looking like mammillated cannon-balls varying from 4^ to 6
inches in diameter, the largest being 6^ inches. We again

brought up manganese nodules at the equator in about longitude
138° W., and subsequently—until within sight of Tahiti—we
occasionally got manganese nodules.

As had been noticed by Sir John Murray in the Challenger,

these manganese nodules occur in a part of the Pacific most
distant from continental areas. Our experience has been similar

to that of the Challenger, only I am inclined to think that these

nodules range over a far greater area of the Central Pacific

than had been supposed, and that this peculiar manganese-
nodule bottom characterises a great portion of the deep parts

of the Central Pacific where it cannot be affected by the deposits

of globigerina, pteropods, or telluric ooze ; in the region

characterised also by red- clay deposits. For in the track of

the great equatorial currents there occur deposits of globigerina

ooze in over 2400 fathoms for a distance of over 300 miles in

latitude.

We made a few hauls of the trawl on our way, but owing to

the great disiance we had to steam between San Francisco and
the Marquesas (3800 miles) we could not, of course, spend
much time either in trawling or in making tows at intermediate

depths. Still the hauls we made with the trawl were most
interesting, and confirmed what other deep-sea expeditions have
realised : that at great depths, at considerable distances from
land, and away from any great oceanic current, there is com-
paratively little animal life to be found.

The bottom temperatures of the deep (Moser) bisin varied

between 34 '6° at 2628 and 2740 fathoms, to 35 "2" at 2440
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fathoms, and 35° at 2475 fathoms; about 120 miles from the

Marquesas.
Our deep-sea nets not having reached San Francisco at the

time we sailed, we limited our pelagic work to surface hauls,

of which we generally made one in the morning and one in the

evening, and whenever practicable some hauls with the open
tow nets at depths varying between 100 and 350 fathoms. The
results of these hauls were very satisfactory. The collection of

surface animals is quite extensive, and many interesting forms
were obtained. As regards the deeper hauls with the Tanner net,

they only confirm what has been my experience on former ex-

peditions, that beyond 300 to 350 fathoms very little animal
life is found, and in the belt above 300 fathoms a great number
of many so-called deep-sea crustaceans and deep-sea fishes were
obtained. I may mention that we obtained Pelagothuria at

about 100 fathoms from the surface.

On our way to Tahiti from the Marquesas we stopped a few
days to examine the westernmost atolls of the Paumotus.
Striking Ahii we made for Rairoa, the largest atoll of the

Paumotu group. Skirting the northern shore from a point a
little west of Tiputa Pass, we entered the lagoon through
Avatoru Pass, anchoring off the village.

We made an examination of the northern side of the lagoon
between Avatoru and Tiputa Passes. The lagoon beach of the

northern shore is quite steep, and is composed of moderately
coarse broken coral sand at the base, and of larger fragments
of corals along the upper face, which is about 5 to 6 feet above
high-water mark. These coral fragments are derived in part

from the corals living on the lagoon face of the northern shore,

and in part of fragments broken by the waves from somewhat
below the low-water mark. The ledge which underlies the

beach crops out at many places on the lagoon side of the

northern shore ; we traced it also along the shores of Avatoru
Pass, and about half-way across the narrow land running between
Avatoru and Tiputa Passes. It crops out also at various points

between them in the narrow cuts which divide this part of the

northern land of the lagoon into a number of smaller islands.

These secondary passes leave exposed the underlying ledge,

full of fossil corals.

It became very evident, after we had examined the south

shore of the lagoon, that the ledge underlying the north shore

is the remnant of the bed, an old Tertiary coralliferous limestone

which at one time covered the greater part of the area of the

lagoon, portions of which may have been elevated to a consider-

able height. This limestone was gradually denuded and eroded
to the level of the sea. Passages were formed on its outside

edge, allowing the sea access to the inner parts of the lagoon.

This began to cut away the inner portions of the elevated lime-

stone, forming large sounds, as in the case of Fiji atolls, and
leaving finally on the south side only a flat strip of perhaps

2500 to 3000 feet in width which has gradually been further

eroded on the lagoon side, and also on the sea face to leave

only a narrow strip of land about 1000 feet in width and perhaps
10 to 14 feet in height, the material for this land having come
from the disintegration of the ledge of Tertiary limestone, both
on the sea face and the lagoon side.

The underlying ledge is not the remnant of a modern reef

;

its chaiacter is identical with that of the elevated limestones of

Fiji, which are of Tertiary age, and the rock is in every respect

the same as that I observed on many of the elevated islands of

Fiji. The atoll of Rairoa is in a stage of denudation and
erosion very similar to that of Ngele Levu, in Fiji, only in

Ngele Levu the elevated limestone attains a height of about
60 feet. Our visit to the south shore of the lagoon, both on
the lagoon side and on the sea face, left us no doubt regarding

the character of the underlying ledge of the north shore. As
soon as the south shore was sufficiently near, as seen from the

lagoon side, for us to distinguish its character, we could see

that the entire shore line was formed of a high ledge of lime-

stone, honeycombed, pitted and eroded, both by atmospheric
agencies and the action of the waves, in its lower parts both on
the lagoon side and on the sea face. The great rollers of the

weather side broke through between the columnar masses of

the ledge into the lagoon, and as far as the eye could reach
there extended a more or less continuous wall.

Crossing over to the weather side of the southern land of

Rairoa in one of the passages between two of the islands, we
came upon the limestone ledge, from 12 to 14 feet high and
about 40 to 50 feet wide, which formed the sea face of the

islands and islets, and extended far to the westward as a great
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stone wall more or less broken into distinct parts. We found
this ledge to consist of elevated limestone as hard as calcite,

full of corals, honeycombed and pitted, and worn into countless

spires and spurs, and needles and blocks of all sizes and shapes,

separated by deep crevagses or potholes, recalling a similar

scene in Ngele Levu on the windward end of the lagoon.

In the passages the parts of the ledge which had not been
eroded extended as wide buttresses, gradually diminishing in

height till they formed a part of the lagoon flat and extended
out below the recent beach rock which covered it in short

stretches.

The amount of water which is forced into such a lagoon as

Rairoa is something colossal, and when we observe that there

are but a small number of passages through which it can find

its way out again on the leeward side, it is not surprising that

we should meet with such powerful currents (7 to 8 knots in

several cases) sweeping out of the passages on the lee sides.

The islands and islets of Rairoa are fairly well covered with

low trees and shrubs and large groves of palm trees.

It was with great interest that we approached Makatea, as it

is the only high elevated island of which Dana speaks as occur-

ring in the western Paumotus. For though he mentions some
others as possibly having been elevated 5 to 6 feet, yet he con-

sidered them all, as well as Makatea (Metia or Aurora, of

Dana) as modern elevated reefs. Yet, from the very description

given by him of the character of the cliffs and of the surface of

Makatea, I felt satisfied that it was composed of the same
elevated coralliferous limestone so characteristic of the elevated

reefs of Fiji, and which, from the evidence of the fossils and the

character of the rock, both Mr. Dall and myself have been led

to regard as of Tertiary age.

The cliffs had the same appearance as those of Vatu Leile,

Ongea, Mango, Kambara, and many other elevated islands of

Fiji. There were fewer fossils, perhaps, but otherwise the

petrographic character of the rock was identical with that of

Fiji.

The south-western extremity of the island sloped gradually to

the sea, and showed two well-defined terraces. The lines of

these two terraces could, as a rule, be traced along the faces of

the vertical cliffs by the presence of caverns along the lines of

those levels, similar to the lines of caverns indicating the line

of present action of the sea at the base of the cliffs.

During our stay in Papeete some time was spent in examining
that part of the barrier reef of Tahiti which had been surveyed

by the Challenger. We found the condition of the outer slope

of the reef quite different from its description as given in the

Challenger narrative. The growing corals were comparatively

few in number, and the outer slope showed nothing but a mass

of dead corals and dead coral boulders beyond 16 or 17 fathoms,

few living corals being observed beyond 10 to 12 fathoms.

We also made an expedition to Point Venus, to determine,

if possible, the rate of growth of the corals on Dolphin Bank
from the marks which had been placed on Point Venus by
Wilkes, in 1839, and by MM. Le Clerk and de Benaze, of the

French navy, in 1869. We found the stones and marks as

described, but on examining Dolphin Bank in the steam launch

I was greatly surprised to find that there were but few corals

growing on it. I could see nothing but sparsely scattered

heads, none larger than my fist ! the top of the bank being

entirely covered by Nullipores, although we sounded across the

bank in all possible directions and examined it thoroughly. It

is greatly to be regretted that Dolphin Bank was not examined,

neither in 1839 nor in 1869, and notes made of what species of

corals, if any, were growing on its surface ; for an excellent

opportunity has been lost to determine the growth of corals

during a period of 60 years. The choice of this bank as a

standard to determine the growth of corals was unfortunate, as

it is in the midst of an area comparatively free from corals.

From Papeete we steamed back to Makatea, and examined

the island more in detail. We crossed the island from west to

east, the path leading down from the summit of the cliffs

bordering the island into a sink at least 40 to 50 feet lower than

the rim of either face of the island. The sink occupies a little

more than one-third the length of the island. It is deeper at

its southern extremity, where it is said to be 75 to 100 feet

below the rim of the adjoining cliffs.

It is difficult to determine if this sink is the remnant of the

former lagoon of the island, or of a sound formed during its

elevation, or if it has been formed by the action of rain and

atmospheric agencies. The amount of denudation and erosion

I
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to which this island has been subjected is very great, as is

clearly indicated by the small caiions, pinnacles, and walls of

limestone, as well as by the crevasses which occur in the sur-

face of the basin in all directions. The extent to which this

action has penetrated into the mass of the island is also plainly

shown by the great number of caverns which crop out at all

levels along the sea face of the cliffs, some of which are of great

height, and extend as long galleries into the interior of the island.

From Makatea, we visited Niau, Apataki, Tikei, Fakarava,

Anaa, Tahanea, Raroia, Takume, Makemo, Tekokota, Hikuero,
Marokau, Hao, Aki-Aki, Nukutavake, going as far east as

Pinaki, when we turned westward again and made for the

Gloucester Islands. These, as well as Hereheretue, proved
most interesting ; they formed, as it were, an epitome of what
we had seen on a gigantic scale in the larger atolls of the

western and central Paumotus. We could see at a glance in

such small atolls as Nukutipipi and Anu-Anurunga the con-

nection between structural features which, in an atoll of 40
miles in length and from lo to 15 miles in width, it was often

dirticult to determine.

The deepest sounding among the Paumotus was on the line to

the northward of Hereheretue in the direction of Mehetia, where
we found a depth of 2524 fathoms, and a continuation of the red

clay characterising the soundings since we left Pinaki.

We have seen nothing in this more extended examination of

the group tending to show that there has anywhere been sub-

sidence. On the contrary, the condition of the islands of the

Paumotus cannot, it seems to me, be explained on any other

theory except that in their present condition they have been
formed in an area of elevation—an area of elevation extend-

ing from Matahiva on the west to Pinaki in the east, and
from the Gloucester Islands on the south to Tikei on the north.

All the Paumotu Islands we have examined are, without ex-

ception, formed of Tertiary coralliferous limestone which has

been elevated to a greater or less extent above the level of the

sea, and then planed down by atmospheric agencies and sub-

marine erosion, the greatest elevation being at Makatea (about

230 feet), and at Niau, where the Tertiary coralliferous limestone

does not rise to a greater height than 20 feet. At Rairoa it was
15 to 16 feet high. At other islands it could be traced only as

forming the shore platform.

The appearance of the old ledge and of the modern reef rock

is so strikingly different that it is very simple to distinguish

the two, even where only comparatively small fragments are

found.

In the Paumotus, the islands have been elevated to a very

moderate height, and probably to nearly the same height, for the

old ledge forming the base of the modern structure is found ex-

posed nearly everywhere at about low-water, when it cannot be
traced at a slightly greater elevation. This would readily

account for the nearly uniform height of the islands throughout

the group.

But there is another element which comes into play in this

group, and has an important part in shaping the ultimate con-

dition of these atolls. At the Fijis we have seen the submarine
erosion continue until there is little left of many of the atolls

beyond the merest small i-let or rock to indicate its structure.

In the Paumotus, in the great atolls which are evidently only the

exposed summits of parts of ridges or spurs of an extensive

Tertiary coralliferous limestone bed, the rim of the atoll is,

after having been denuded to the level of the sea, again built up
from the material of its two faces, which is thrown up on the

wide reef flats both from the sea face and from the lagoon side.

Many of the lagoons are filled with shoals or ledges awash
or a few feet above the sea-level. These shoals are parts of

the old ledge which have not as yet been eroded, and the dis-

integration of which has gone far to supply the material for the

land of the outer rims of the atolls.

The lagoons of these atolls have a general depth of 13 to 20
fathoms. In some cases they are somewhat deeper, as is stated,

but there are no measurements, the greater depths, 30 fathoms
or more, being due to orogenic conditions. Some of the atolls

are quite shallow, as at Matahiva, as well as Pinaki, where the

lagoon is not more than 2 to 3 fathoms, and Takume, where it

is from 5 to 6 fathoms deep. Some of the smaller islets we
visited, among which are Tikei, Aki-Aki, and Nukutavake, have
no lagoons.

The only atoll we have seen the lagoon of which is entirely

shut off from the sea is Niau. In this case the old ledge form-
ing the rim of the land, which surrounds the nearly circular
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lagoon, is about a third of a mile in width and sufficiently high,

15 to 20 feet, to prevent any sea from having access to it except
in case of a cyclone. It is very difficult in this case to decide
whether this lagoon has been gradually filled up after elevation,

or whether it is merely a sink on a more or less uneven limestone
surface.

Dana and other writers on coral reefs mention a great number
of lagoons as being absolutely shut off from the sea. I take it

these statements are due to their descriptions being taken from
charts, many of which, as in the cause of the Paumotus, are

very defective. For nothing is easier than to pass at a short

distance by the wide or narrow cuts which give in so many
cases the freest access to the sea to the interior of the lagoons,

and described as closed because they have no boat passages. I

could mention, as instances of such lagoons, those of the atolls

of Takume, Hikuero, Anaa, &c., which may be said to be
closed, yet into which a huge volume of water is poured at

every tide over low parts of the encircling reef flats.

The character of the coral reefs of the Paumotus is very
different from that of other coral reef regions I have seert. No-
where have I seen such a small number of genera, so many
small species, and such stunted development of the corals.

None of the great heads of the genera so charaAeristic of the

West Indian regions, or of the Great Barrier Reef of Australia,

are to be seen, with the exception of a couple of species of

alcyonaria they are absent, so far as our experience shows, and
there are but few sponges and gorgonians to be found among
the corals.

The same paucity of animal life seemed to extend to the

deep-water fauna. All the hauls we made off the islands, in

from 600 to 1000 fathoms, usually the most productive area of

a sea slope, brought nothing, or so little that we came to grudge
the time spent in trawling on the bottom, as well as towing
on the surface or near it, a great contrast to the conditions in

the Atlantic in similar latitudes, and very different from our
anticipations.

From Papeete we steamed to Aitutaki, Niue, and for the deep
hole of the Tonga-Kermadec Deep, about 75 miles to the

eastward of Tonga-Tabu, and in 4173 fathoms made a haul

with the Blake beam-trawl, by far the deepest trawl haul yet

made. We found in the bag a number of large fragments of a
silicious sponge belonging probably to the genus Crateromorpha,
which had been obtained by the Challenger in the Westerrt

Pacific, but in depths less than 5CX5 fathoms. We also brought
up quite a large sample of the bottom ; it consisted of light

brown volcanic mud mixed with radiolarians.

On our way back to Papeete from the Paumotus we examined
the eastern coast of Tahiti, and from Papeete studied the
western coast as far as Port Phaeton, at Tararoa Isthmus. We
also examined, in a general way, the Leeward Society Islands j

Murea, Huaheine, Raiatea, Tahaa, Bora-Bora, M-otu Iti and
Maupiti. There are excellent charts of the Society Islands, so
that it was comparatively simple to examine the typical points

of the group and to gain an idea of their structure so far as it

relates to coral reefs. The Society Islands are all volcanic

islands edged with shore platforms, some of great width, upon
which the barrier or the fringing reefs of the islands have grown.
The structure of the reefs of the Society Islands is very similar

to that of the Fiji reefs round volcanic islands. A comparison,
for instance, of the charts of Kandavu, Viti Levu, Mbengha,
Nairai, and of other volcanic islands in the Fijis, with those of

the Society Group, will at once show their identity. Huge
platforms of submarine denudation and erosion characterise both,

with fringing and barrier reefs determined by local conditions.

Perhaps it is easier to follow the changes which have taken •

place m the Society Islands ; and such islands as Tahaa and
Bora-Bora, where we anchored, as well as Maupiti, are

admirable examples and epitomes of the structure aiTd mode of

formation of the coral reefs of that group.

The only island of the Cook Group which we examined was
Aitutaki, as Atiu is composed of elevated limestone, and Raro-

tonga is volcanic ; I hoped we might find that atoll to be in

part volcanic and in part composed of eleva-ted coralliferous

limestone ; we found it to be volcanic, an island with the

structure of Bora-Bora on a smaller scale.

We anchored at Niue, an island composed of elevated

coralliferous limestone showing three well-niarked terraces,

the lowest of not more than 5 to 10 feet and in many places

disappearing completely, the limestone cliffs -rising vertically

from the sea well mto the second or even the third terraces.
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,The secund terrace varies in height from 50 to 60 feet, the

third from 90 to 100 feet. The second terrace is deeply under-

cut ; and in the higher vertical cliffs extendihg into the third

terrace from the sea, the former positions of the terraces are

usually indicated by lines of caverns.

From Niue we went to the Tongas, which we found a most
int,eresting group. The eleyated Tertiary coralliferous lime-

stones take here their greatest development, and are on a. scale

far beyond that of their development' in the Lau Group of the

Fijis, or the Paumotus. The first island of the Tongas we
visited, Eua, is perhaps the most interesting of the islands

composed of Tertiary elevated coralliferous limestone I have
visited. From Dana's account of it, evidently given at second
hand, I expected to find an island somewhat like Viti" Levu on
a very much smaller scale. But as we steamed up to it from
the east there could be no mistaking the magnificent face of
nearly vertical limestone cliffs forming the whole eastern, face

of the island, and at points rising to over a thousand feet in

height. At all projecting points lines of terraces were plainly

marked : at the northern point three could be followed, and at

the southern extreniity five, with traces of a sixth perhaps.
Upon rounding the southern extremity of the island we

could see that* the island was composed of two ridges, running
north, separated by a deep Valley, the western ridge being
much lower than the easte.rn, not rising to a greater height
than a little over 500 feet. The western ridge is also com-
posed of limestone, and at the headlands we could trace three
terraces.

We anchored at English Roads, opposite the outlet of ^he

drainage of the interior basin, where a small river has cut its

way through a depression in the shore terrace. On landing we
followed the crest of t)ie western ridge for a few miles and
could see the whole valley forming the basin of the island

lying between the two ridges, at our feet. Nothing coi^ld show
more clearly that such an island was not an elevated atoll, but
a plateau which had been eroded and denuded for a long period
of time by atmospheric and other agencies.

To the westward of the Tonga Islands is a line of volcanic

islands extending nearly 200 miles, at a distance of from 15 to

20 miles parallel with the trend of the four irregularly-shaped

plateaux upon which rise the Tonga Islands.

. The Tonga-Tabu plateau ig separated from the Namuka Group
plateau by a funnel-shaped channel with a depth passing rapidly

into 300 fathoms fr9m the lOO-fathom line. The Namuka
plateau is rectangular ; its principal island is Namuka, where we
anchored.

This part of the Tongas is, li^ce the Lau Group in Fiji, made
up of islands in part volcanic and in part composed of elevated

coralliferous limestone.

The Haapai plateau is triangular, with isolated islands rising

on the north-western side from the deep water separating it from
the Vavau plateau. On the northernmost plateau of the broad
ridge of the Tonga Islands is the Vavau Group, by far the most
picturesque of the Tonga Islands. Several parts of the island

of Vavau, as at the entrance to the harbour of Neiafu, and at

Neiafu, are finely terraced ; four terraces are indicated there,

and other flat-topped smaller islands show traces of two or three

terraces. The northern edge of Vavau Island rises to a height

of more than 500 feet, and slopes in a general way southward and
inland. The southern shore is deeply indented by bays and
sounds, and flanked by innumerable islands and islets, some of

considerable height (150 to 250 feet) which gradually become
smaller and smaller as they rise towards the southward and east-

ward, these islands having been formed from the denudation and
erosion of the greater Vavau. They form tongues of land and
sea and sounds of all shapes and sizes, showing the traces of the

former land-connections of the islands and islets, and their disin-

tegration on the eastward and southward by the. action of the sea.

It is evident that in the Tonga Group, which is a very exten-

sive area of elevation, the recent corals have played no part in

the formation of the masses of land and of the plateau of the
Tonga Ridge, and that here again, as in the Society Islands and
the Cook Islands, both also in areas of elevation, they are a
mere ,thin living shell or crust growing at their characteristic

depths upon platforms which in the one case are volcanic, in the

other calcareous, the formation of which has been independent
of their growth.

After leaving Suva we steamed to Funafuti, stopping on the

way at Nurakita, the southernmost of the Ellice Islands. I

was, of course, greatly interested in my visit of Fi^nafuti, where
a boring had been made under the direction of a committee of
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the Royal Society, in Charge of Prof. David, of Sydney, after

the first attempt under Prof. SoUas had failed. The second
boring reached a depth of more than 1 100 feet. This is not the
place to discuss the bearing of the work done at Funafati, as

beyond the fact of the depth reached we have as yet no final

statement by the committee of the interpretation put upon the
detailed examination of the core obtained, and now in the hands
of Prof. Judd and his assistants. In addition to the above-
named islands, we also examined Nukufetau, another of the
Ellice Group.

After leaving Nukufetau we encountered nothing but bad
weather, which put a stop to all our work until we arrived

under the lee of Arorai, the southernmost of the Gilbert Islands.

On our way from Tapateuea we steamed to Apamama and
Maiana, which we examined, as well as Tarawa. We next
examined Maraki. Both Maraki and Taritari, the last island

of the Gilberts which we examined, are remarkable for the de-

velopment of an inner row of islands and sand-bars in certain

parts of the lagoon piarallel to the outer land- rim, a feature

which also exists in many of the Marshall Islands atolls.

We spent about three- weeks in exploring the Marshall
Islands, taking in turn the atolls of the Ralick Chain to the

north of Jaluit : Ailinglab Lab, Namu, Kwajalong and Ron-
gelab ; and then the atolls of the Ratack Chain : Likieb, Wotje
and Arhno. The atolls of the Marshall Group are noted for

'

their great size and the comparatively small area of the outer

land-rims, the land-rims of some of the atolls being reduced to

a few insignificant islands and islets. In none of the atolls of

the Ellice, Gilbert or Marshall Islands were we able to observe

the character of the underlying base which forms the foundations

of the land areas of these groups. In this respect these groups

are in striking contrast to the Paumotus, the Society Islands,

the Cook Group, Niue, the Tongas, and the Fiji Islands, where
the character of the underlying foundations of the land- rims is

readily ascertained. But, on the other had, these groups give

us the means of studying the mode of formation of the land-rims

in a most satisfactory manner, and nowhere have we been able

to study as clearly the results of the various agencies at work in

shaping the endless variations produced in the islands and islets

of the different atolls by the incessant handling and rehandling

of the material in place, or of the fresh material added from the

disintegration of the sea or lagoon faces of the outer land, or of

the corals on the outer and innef slopes. It has been very in-

teresting to trace; the ever- varying conditions which have resulted

in producing so many variations in the appearance and structure

of the islands and islets of the land -rims of the different groups.

The boring at Funafuti will show us the character and age of

the rocks underlying the mass of recent material of which the

land-rim, not only of that atoll, but probably also that of the

other atoJIs of the group and of neighbouring groups, is com-
posed, though, of course, we can only judge by analogy of the

probability of the character of the underlying base from that of

the nearest islands of which it has been ascertained. When we
come to a group like the Marshalls, we have as our guide only

the character of the base rock of the islands of the Carolines,

which is volcanic ; while Naru and Ocean Islands, to the west

of the Gilberts and to the south-west of the Marshalls, indicate

a base of ancient Tertiary limestone.

The Marshall Islands, as well as the Ellice and Gilbert, seem

to be somewhat higher than the Paumotus ; but this difference

is only apparent, and is due to the difference in the height of

the tides, which is very small in the Paumotus, while in these

groups it may be five and even six feet.

From Jaluit we visited among the Carolines, the islands and

atolls of Kusaie, Pingelap, Ponapi, Andema, Losap, Namu,
the Royalist Group, Truk and Namonuito, obtaining thus an

excellent idea of the character of the high volcanic islands of

the group from our examinations of Kusaie and of Ponapi,

while the others represent, the conditions of the low atolls,

having probably a volcanic basis, but this was not observed at

any of those we examined.
, .,.

^

The reefs of the volcanic islands of the Carolmes are similar
|

in character to those of the Society Islands, though there are

some features, such as the great width of the plattorms of sub-

marine erosion of Ponapi and of Kusaie, and the development

of a border of mangrove islands at the base of the volcanic

islands, which are not found in the Society Islands.

The Truk Archipelago was perhaps the most interesting of

the island groups of the Carolines, and it is the only group of

volcanic islands. surrounded by an encircling reef that I have

thus far seen in the Pacific which at first glance lends any

A
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support to the theory of the formation of such island-groups

as Truk by subsidence. This group was not visited by either

Darwin or Dana ; and I can well imagine that an investigator

seeing this group among the first coral reefs would readily

describe the islands as the summits, nearly denuded, of a

great island which had gradually sunk. But a closer examina-
tion will readily show, I think, that this group is not an excep-

tion to the general rule thus far obtaining in all the island groups
of the Pacific I have visited during this trip ; that we must
look to submarine erosion and to a multitude of local mechani-
cal causes for our explanation of the formation of atolls and of

barrier and encircling reefs, and that, on the contrary, subsi-

'nee has played no part in bringing about existing conditions
le atolls of the South and Central Pacific.

Nowhere have we seen better exemplified than at Truk how
important a part is played by the existence of a submarine
platform in the growth of coral reefs. The encircling reef

protects the many islands of :he group against a too rapid

erosion, so that they are edged by narrow fringing reefs, and
nowhere do we find the wide platforms so essential to the for-

mation of barrier reefs. The effect of the north-east trades

blowing so constantly in one direction for the greater part of

the year is of course very great ; the disintegration and erosion

of islands within its influence is incessant, and their action

undoubtedly one of the essential factors in shaping the atolls

of the different groups, not only according to the local positions

of the individual islands, but also according to the geographical
position of the groups. Thus far 1 do not think any observer

has given sufficient weight to the importance of the action of

the trades in modifying the islands within the limits of the

trades, nor has any one noticed that the coral reefs are all

situated practically within the limits of the trades both north
and south of the equator.

The soundings made going west from Jaluit to Namonuito
indicate that the various groups are, as is the case with the

neighbouring groups of the Marshalls and Gilberts, isolated

peaks with steep slopes rising from a depth of over 2000
fathoms. The line we ran from the northern end of Namonuito
to Guam developed the eastern extension of a deep trough
running south of the Ladrones. The existence of this trough

_ had been indicated by a sounding of 4475 fathoms to the south-
west of Guam made by the Challenger. We obtained, about
100 miles south-east of Guam, a depth of 4813 fathoms, a
depth surpassed only, if I am not in error, by three soundings
made by the Penguin in the deep trough extending from
Tonga. to the Kermadecs, and by three soundings made by the
U.S.S. Nero also to the eastward of Guam.
Guam is not wholly volcanic ; the northern half consists of

elevated coralliferous limestone. The vertical cliffs bordering
the eastern face rise from a height of 100 to 250 or 300 feet at

the northern extremity, and resemble in a way similar islands

in the Paumotus (Makatea), Nine, Eua, Vavau and others in

the Fijis which had made their cliffs a familiar feature in our
explorations. In fact, outside of Viti Levu and Vanua Levu,
this is the largest island known to me where we find a com-
bination of volcanic rocks and of elevated coralliferous lime-
stone. The waj-i-// forming the southern half of the island is

volcanic, and the highest ridge, rising to about 1000 feet, runs
lallel to the west coast, the longest slope being toward the east.

This volcanic mass has burst through the limestone near
;.uia, and the outer western extension of the coralliferous

limestone exists only in the shape of a few spurs running out
from the volcanic mass, the largest of which are those forming
the port of San Luis d'Apra. Near the northern extremity of
the island a volcanic mass. Mount Santa Rosa, has burst
through the limestone and rises about 150 feet above the general
level of that part of the island.

We left Guam in time to reach Rota by day, and found that
this island is a mass of elevated coralliferous limestone, the
highest cliffs of which reach a height of 800 feet. Perhaps in
none of the elevated islands have we been able to observe the
terraces of submarine elevation as well as at Rota,

It is quite probable that others of the Ladrones, like Saipan,
and the islands to the south, are composed in part at least of
elevated limestone, judging from the hydrographic charts and
the sketches which accompany them. On many of the northern
Ladrones there are active volcanoes, so that it is very possible
that the volcanic outbursts which have pushed through the
limestones, or have elevated parts of the islands of the group,
are of comparatively recent date.
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During the last part of our cruise, from Suva to Guam, the

unfavorable weather greatly interfered with our deep-sea and
pelagic work ; in fact with the exception of the soundings
made to develop as far as practicable the depths in the regions

of the various coral-reef groups we visited, we abandoned all

idea of carrying out the deep-sea and pelagic work planned for

the district between the Gilbert and Marshall and Caroline

groups. To our great disappointment hardly any marine work
could be accomplished, and our investigations were limited

almost entirely to the study of the coral reefs of the regions

passed through.

We were everywhere received with the greatest cordiality

and courtesy : by the Governor of the Paumotus, the King of

Tonga, Sir George O'Brien (the High Commissioner of the

Western Pacific at Suva), Mr. E. Brandeis (the Landes-Haupt-
mann in charge of the Marshall Islands at Jaluit), and the

Governor of the Carolines, and the Japanese authorites.

The work of the expedition was divided between Drs.

W. M. Woodworth, A. G. Mayer, and my son Maximilian,
who accompanied me as assistants ; and Mr. C. II. Townsend,
Dr. Moore, and Mr. Alexander of the Fish Commission, who
had also been detailed as members of the expedition.

I must also thank Capt. Moser and the officers of the Albatross

for the untiring interest shown by them during the whole time
of our expedition in the work of the ship, which was so foreign

to the usual duties of a naval officer.

UNIVERS1 1 Y AND EDUCA TIONAL
INTELLIGENCE.

Mr. R. S. Clay, late lecturer in physics at the Birkbeck
Institution, has been appointed principal of the Wandsworth
Technical Institute.

The Secondary Education Bill was read a second time in

the House of Lords on Monday, after a discussion in which
objection was raised to the limited character of the measure, and
the large powers reserved for the Board of Education. It is not

proposed to carry the Bill beyond the second reading this year.

The first response to Mr. Chamberlain's appeal for further

funds for the scientific department of the Birmingham Uni-
versity has been received from Sir James Chance, who has given

the sum of 50,000/., subject to conditions to be arranged with

the University Council. The endowment fund of the University

now amounts to about 400,000/.

The Pass List for the 1900 D.Sc. Examination of the Uni-
versity of London contains the following names :—Experimental
Physics : Reginald Stanley Clay, Richard Smith Willows,
Harold Albert Wilson. Chemistry : Thomas Slater Price.

Botany : Miss Maria Dawson. Zoology : Edgar Johnson Allen,

Charles William Andrews.
Some interesting particulars with regard to chemical and

technical education in the United States were given by Prof.

Chandler, of New York, in his presidential address to the

Society of Chemical Industry last week. The most striking

feature of the American system of higher and technical educa-
tion is the fact that most of the institutions have been founded
and maintained by liberal gifts of money from wealthy citizens,

in many cases made during the donor's lifetime, and that only a
small number have been endowed or supported by the public

funds. Thus in 1899 over 33 million dollars were given in this

way, the largest sum being the 15 million dollars given by Mrs.
Leland Stanford, together with large tracts of land, to which as

yet no precise value can be attached, to complete the endow-
ment of the Leland Stanford Junior University. There are in

all 174 donors, averaging 190,000 dollars each. Schools of

chemistry are now so numerous in the United States that it is

almost impossible to state their exact number, but Prof. Chandler
said it is more than 100. In all there are 480 universities and
colleges, and 43 technical schools. In 1899 there were 9784
students pursuing professional courses in the schools of en-

gineering, while 1487 graduated that year, receiving the degree
of civil, mechanical, electrical, or mining engineer. The value

to the industrial development of the United States of such
an army of thoroughly-trained engineers and chemists cannot
be too highly estimated.

The operations of the Technical Instruction Committee pf

the Cheshire County Council are extensive and satisfactory.

All the sums received under the Local Taxation (Customs
and Excise) Act of 1890 have been devoted to the promotion
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of technical instruction in Cheshire from the commencement.
The Technical Instruction Committee has framed a scheme of

work which has gradually embraced the whole county, and has
provided for the various and special requirements of the
different districts, as well as of the county at large. The
annual report just received records a year's work of steady
progress and development, more especially in regard to rela-

tively advanced instruction, and improved methods of carrying
on the classes. During the year ending March 31, 1900, the
grants made for purposes of technical instruction amounted to

nearly 17,000/., and this sum will be considerably increased
during the ensuing year. A number of secondary schools re-

ceive grants from the Committee, and it is proposed to increase
the payments to such schools. As has been before remarked
in these notes, assistance thus given is having a very important
effect upon the character of the education in secondary schools ;

for a condition of the grant is that scientific subjects should be
taught, and proper laboratory accommodation provided. We
read, for instance, in the present report : "All the schools to
which grants for building and equipping laboratories and lecture
roonis were made have completed these additions, hence they
are in a much better position to give sound instruction in

science subjects, and especially in the practical stage, than they
were formerly. " It is well to bear in mind the beneficial influence
which Technical Instruction Committees have thus had upon
the curricula of Grammar Schools and others of the old-fashioned
type. Among other matters dealt with in the report are ex-
periments on tuberculosis in cattle, for which the Committee
made a grant of 250/. , and experimental work in agriculture.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, July 16.—M. Maurice Levy in

the chair.—On the uranium radiation, by M. Henri Becquerel.
By mixing uranium chloride with barium chloride and precipi-

tating with sulphuric acid, a precipitate of barium sulphate is

obtained which is more or less radio-active according to the
quantity of barium salt introduced. The radio-activity of the
uranium salt remaining undergoes a corresponding diminution.
It cannot be settled from these experiments whether uranium
salts possess a radio-active power of their own, or whether this

property is due to an admixture of an impurity.—Preparation
and properties of two borides of silicon, by MM. Henri Moissan
and Alfred Stock. By heating together, with special precautions,
in a tube of infusible material a mixture of silicon and boron in

the electric furnace, two new borides of silicon are produced,
SiBj and SiBg, which can be separated by taking advantage of
the facts that SiBj is moi-e readily attacked by fused potash, and
SiBg is more readily destroyed by concentrated nitric acid. Both
compounds resist the attack of most reagents and are very hard,
scratching ruby with facility.—On the crystallisation of gold, by
M. A. Ditte. Gold leaf, heated with a mixture of salt and
sodium pyrosulphate or ferrous sulphate, is attacked, and shows
traces of crystalline structure, although the temperature has been
far below that of the fusion of gold. Platinum gives rise to

similar phenomena under the same treatment.—On the solubility

of calcium phosphate in the water of soils in presence of carbon
dioxide, by M. Th. Schloesing. Neutral Ca3(P04)2, obtained
free from sodium salts, is practically insoluble in water free from
dissolved carbon dioxide. The solubility increases with the
amount of dissolved carbonic acid, but if this is accompanied in

solution with the corresponding amount of calcium bicarbonate,
the solvent action is practically destroyed.—New researches on
double fertilisation in angiosperms, by M. L. Guignard. In
addition to tihe cases previously given of double fertilisation in

monocotyledons, this has now been observed in Narcissus
poeUcus and Scilla bifoUa. In dicotyledons. Anemone nemorosa
has been most completely studied.—The movements of the air

on encountering surfaces of different forms, by M. Marey.

—

Observations of the planets (F.G.) and (F.H. ) made with the
large equatorial of the Observatory of Bordeaux, by MM. G.
Rayet and F. Feraud.—On the formation of coal basins, by
M. Grand'Eury. Remarks on the mode of formation of the
Loire basin.—M. Lipschitz was nominated a correspondent in
the section of Geometry.—On the instability of certain periodic
solutions, by M. Levi-Civita.—On the ternary bilinear forms of
Hermite, by M. Louis Kollros.—On the law of corresponding
states, by M. Daniel Berthelot. After discussing various modi-
fications that have been suggested for bringing Van der Waals'
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formula into closer agreement with experiment, the author
concludes that the three constants yj... Vc, Tc are not sufficient to

rigorously define the function / (/, v, T) of a substance. It

is necessary to add two new constants, T^ and z/,„, correspond-
ing to the displacements; of the zeros of volume and temperature
—On the temperature of maximum density of aqueous solutions

of ammonium chloride and lithium bromide and iodide, by
M. L. C. de Coppet. The molecular lowering of the tempera-
ture of maximum density varied from 7*16 for ammonium
chloride to 8*31 for lithium iodide.—On the electrolytic

estimation of bismuth, by M. Dmitry Balachowsky. It is

possible to get a coherent metallic deposit of bismuth allowing

of washing, provided the following conditions are observed :

slight acidity of the solution, absence of large quantities of

halogen ions, matt electrodes, and low current density.—On the

amalgams of sodium and potassium, by MM. Guntz and Feree.
i

Four amalgams of mercury and sodium- were isolated and
|

analysed, HggNa, HggNa, Hg^Na, Hg4Na. Similar amalgams, I

although less clearly defined, were obtained with potassium.—
I

On the reduction of tungstic anhydride by zinc : preparation of I

pure tungsten, by M. Marcel Delepine. Tungsten of a purity
|

varying from 98*5 to 100 per cent, is obtained by heating zinc

with tungstic anhydride or with ammonium tungstate.—Action
of reduced nickel upon acetiylene, by MM. Paul Sabatier and

J. B. Senderens. Acetylene does not react upon reduced

nickel in the cold if precautions have been taken to remove all

traces of hydrogen from the metal by heating it in a current of

nitrogen.—Action of cyanacetic esters with substituted acid

radicles upon diazobenzene chloride and tetrazodiphenyl chloride,

by M. G. Favrel.—On the limits of grafting in plants, by M.
Lucien Daniel.—Action of dry and moist air upon plants, by
M. Eberhardt. Compared with dry air, moist air increases the

development of the plant, both leaves and stem, the diameter

of the latter being reduced. It tends to exaggerate the leaf

surface and to diminish the quantity of chlorophyll contained in

the leaves.—The volcanic rocks of che Somali Protectorate, by
MM. A. de Gennes and A. Bonard.—On a marine formation at

the bottom of the Cation of Regalon, by M. David Martin.—On
certain substances specific in pellagra, by MM. V. Babes and E.

Manicatide.

PAGE

290
291

292

292

CONTENTS.
Trade in Ancient Assyria . . . . •

Electrical Organs. Muscle or Nerve ? By E. H. S.

Fluorine. ByJ, W
Our Book Shelf:—

Lehfeldt :
" A Text-book of Physical Chemistry."

—

T. E
Henderson and Parker : "An Introduction to

'Analytical Chemistry."—A. S
" Maryland Weather Service " 292
Righi: " Volta e la Pila " 293

Letters to the Editor:—
An Optical Phenomenon.—Prof. A. M. Worthing-

ton, F.R.S 293
Temperatures of Recently Killed Chamois.— G.

Stallard 293
The London Mathematical Society.—R. Tucker . . 294
The Consultative Committee and Technical Education.

-Prof. J. Wertheimer 294
The Centenary of the Royal College of Surgeons of
England. By Victor Plarr 294

Electrical Power Distribution. By Prof. W. E.

Ayrton, F.R.S 296s

The Daily Weather Report of the Meteorological
Office. By W. N. Shaw, F.R.S 300;

The Bradford Meeting of the British Association
By Ramsden Bacchus 300

1

Notes . 30M
Our Astronomical Column:—

Astronomical Occurrences in August 304

New Variable in Herculis 305

New Star in Aquila 3^5

Meteoric Theory of the Gegenschein 305

Meteor of July 17 S^S
The Great Earthquake of June 12, 1897 305

Explorations of the Albatross in the Pacific .... 307

University and Educational Intelligence 311

Societies and Academies 31^



NATURE 313

THURSDAY, AUGUST 2, 1900.

WEAPONS AND WOUNDS.
' armes blanches ; leur action et leurs effeis vidndrants.

H. Nimier, Professeur au Val-de-Grace, and Ed.

ival, medecin aide-major de premiere classe. Pp. 448.

*aris : F^lix Alcan, 1900.)

Les projectiles des ar7nes de guerre ; leur action vul-

n^rante. By the same authors. Pp. 212. (Paris

:

Felix Alcan, 1899.)

Lcs explosifs, les poudres, les projectiles dexercice ; leur

ution et leurs effets vuMranis. By the same authors.

['p. 192. (Paris : Felix Alcan, 1899.)

THESE volumes, although their titles are formidable

enough, can scarcely be said to exhaust the subject

of the means invented by man for the special purpose of

destroying his own race. Prof. Nimier, one of the authors,

is well known as a writer on military medical subjects,

and no doubt he has thought it unnecessary to repeat

much of what he has already written on these and cog-

nate subjects. The volumes, however, fill considerable

gaps in our own literature. We have few writers in this

country whose works stand out prominently as works of

importance on the same subjects during the present

century. Guthrie and Ballingall are practically the only

writers whose contributions to the subject cover the

period between the Peninsular and the Crimean Wars.

Since then, Longmore's classical work on gunshot in-

juries was the sole work of reference until a year or two

ago, when Stevenson, his successor in the Army Medical

School at Netley, brought our knowledge of the injuries

likely to be produced by modern fire-arms up to date.

On the Continent the system of compulsory military

service is responsible for the fact that these subjects ex-

cite widespread interest amongst the general and scien-

tific public to a much greater extent than in England
;

and many important additions have been made to the

literature of wounds in war by continental writers within

the last few years.

The bulkiest of these three volumes treats of a class

of weapons which nowadays play a comparatively un-

important part in wars between civilised Powers—namely,

the bayonet, sabre, sword, lance and arrow. This volume
also contains a chapter on defensive armour. We were

much disappointed in finding that its bulkiness, instead

of being due to pages full of historical detail, as we had
anticipated, depends largely upon needless repetitions of

the diagnosis, prognosis and treatment of the wounds
produced in the different regions and tissues of the human
body by the various weapons included in the term armes
blanches. These repetitions are wearisome and unneces-
sary. The wounds produced by side-arms differ in no
way from the contused, incised, punctured or poisoned
wounds described in text-books on general surgery. In

other words, there is no specialism in the subject for the

student of physical, military or medical science, except

perhaps that portion of it which deals with arrows and
arrow poisons.

The volume, however, is of much value as a work of

reference for any one desirous of comparing the shape
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and construction of the side-arms used by the several

European Powers. The chapters on the bayonet and

mixed types of bayonet are specially interesting in this

respect. The introduction of the magazine rifle has led

to important changes in the length and weight of the

bayonet and to its probable use in future wars. The

short knife-bayonet is now almost universally adopted ;

the shortest being the 21 centimetre long Norwegian

bayonet, used with the Krag-Jorgenson rifle ; as com-

pared with the British Lee-Metford bayonet of 30 centi-

metres. The Austrian, German, Italian and Spanish

bayonets hold an intermediate position between these

two. Russia and France, on the other hand, still retain

the long, narrow-pointed bayonet. Thus the Russian

bayonet, 1891 pattern, measures 43 centimetres, and the

French Lebel bayonet 52 centimetres with a weight of

466 grammes. Some idea of the slender stiletto-Uke

proportions of the latter may be formed from the fact

that, although nearly twice as long, it weighs actually

less than the Lee-Metford bayonet. The authors

enter somewhat fully into reasons why the Russians

and French prefer this long weapon of offence

to the shorter bayonet, which they describe as being in-

tended more for lopping branches of trees and digging

trenches than for any other purpose m war. They agree

in thinking that, in modern pitched battles, the last phase,

namely, the charge, restera ct Petal puretnent platonique,

one side yielding to the other without waiting for cold

steel. But surprises, night attacks and assaults on con-

voys are circumstances of war which will occur as fre-

quently in the future as in the past ; and it is these that

render the retention of the bayonet as a weapon of offence

of paramount importance. The Russians recognise this

fact so well that their cavalry carry a bayonet for use with

the carbine. The authors also refer to the national tempera-

ment of the French as one of the reasons why they have

not followed the example of neighbouring European coun-

tries in adopting a bayonet more suitable for camp pur-

poses than as a weapon of offence. The French, they

say, are specially fond of side-arms as weapons, by which

we assume that the national temperament urges them to

get to close quarters as soon as possible. This, however,

seems scarcely sufficient reason for the preference they

have for a long narrow bayonet. Our own soldiers, at

any rate, have amply proved in the present campaign in

South Africa that the short, stout bayonet possesses de-

structive and moral effects possibly equalled, but certainly

not excelled, by the longer weapon. The authors have

little to say that is of interest with regard to the sabre,

sword and lance. The type of these weapons is practi-

cally the same in all civilised countries, and the chapters

on them are mainly descriptive.

Arrows and arrow poisons are fully discussed, the

chapter on them being mainly a rhuinc oi the mvestiga-

tions made by the French naval surgeons, Le Dantec,

whose tables of the geographical distribution and

classification of arrow poisons are given in detail. The
subject is occupying much attention at present in this

country in consequence of the rapid extension of

European spheres of influence in the African Hinterland,

where poisoned arrows are so widely used by aboriginal

tribes. Those who are interested in the subject will find

accurate and important details in this chapter, but it

P
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must be confessed that English readers have fuller

historical and scientific information available on arrow

poisons in the inaugural address delivered by Prof.

Stockmann, of Aberdeen University, to the North

British Branch of the Pharmaceutical Society in 1898

{PharmaceuticalJournal, November 26 and December 3,

1898). It is interesting to note how thoroughly Prof.

Stockmann's ethnological distribution of arrow poisons

—

a distribution which is extremely well marked—agrees
with that of the French writers. In their description of

the methods adopted for the propulsion of arrows and

similar projectiles, the authors make no mention of the

use of the blowpipe, a somewhat formidable weapon in

the hands of Bornean aborigines.

In the chapter on defensive armour there is a guarded

reference to what may prove of considerable importance

in the future. In the helmet and cuirass we still possess

the relics of a period when nations fought with sword

and lance ; but the opinion is gradually gaining ground

that the use of defensive armour in the form of shields

for protection against the projectiles of modern fire-arms

may become a feature in future wars. The Danish Army
have already adopted a form of shield for this purpose,

and the principle is also recognised in the use of

shields with the quick-firing automatic guns of the

Maxim type.

The authors' contribution to the subject of projectiles

deals with modern fire-arms only ; and, with the excep-

tion that the projectiles of the automatic guns are not

considered at all, the information on the subject is con-

cise and complete. Modern small-arm projectiles are

exceptionally well described. The physical qualities of

these projectiles are remarkably similar in the different

European countries, the chief variation in form being in

the calibre of the bullet, which is between 6-5 and 7

millimetres sectional diameter for Italy, Holland, Norway,

Roumania and Spain, and between 7 and 8 millimetres

for other countries, the smaller calibre of the former

being compensated for by greater length. The dynamic

properties, however, have considerable and important

variations, which the authors describe with the lucidity

and precision characteristic of French writings on subjects

of this nature. The chief practical interest in the dynamics

of projectiles lies in the relationship between these

properties and the surgical results. The principle to

which the modern small-arm projectile owes its origin is

indicated in the formula /= mv^. In other words, the

production of a bullet with a high rate of velocity at the

expense of mass has been the object attained in the

adoption of magazine rifles. But it is gradually dawning

upon the mihtary mind that the equation of work, ex-

pressed by the formula o = ^^, does not express

accurately the relative values of velocity and mass in

the surgical results. The first occasion on which our

own troops used the high velocity small calibre bullet

in actual war—namely, in Waziristan in 1895—proved

the fallacy of the formula in this respect ; and it is now

fairly well recognised that the mass of the projectile is

probably as important a factor in producing surgical

disaster as its velocity. No doubt the actual power of

penetration and the resistance required to bring the pro-

jectile to a state of rest is accurately expressed by the
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formula ; but it is this very power of penetration, depend-
ing so much on increase of velocity combined with re-

duction of mass, that has earned for the modern bullet

the epithet humane. To pursue the subject further would
lead to a variety of speculations as to the nature of the
weapon of the future. The authors clearly recognise this,

and are inclined to regard the action of the United
States of America in reducing the diameter of the pro-

jectile of the naval small arm to 6 mm. as indicating a
tendency to convert modern firearms into carabines de
salon or fusils d'enfanfs. They are apparently much in

sympathy with the use of bullets that deform or expand
on impact, or at any rate produce shock, and fear that

the agitation against these bullets will only lead to the

use of some more deadly projectile in the future. These
expanding or deforming bullets and their effects are fully

described. The best known example is the soft-nosed

Lee-Metford bullet, but the authors refer also to the use

of the Lebel bullet with the hard envelope stripped at the

apex. They state, however, that the latter does not ex-

pand on impact, although it produces shock. Another
interesting example of the expanding bullet is the Swiss

bullet, which has the lead core naked at the base in

stead of at the apex. The deformity in this bullet after

impact, by the incurving of the soft base, is said to be

as great as, if not greater than, the deformity at the apex

of the Dum-dum type of bullet. The explosive effects

sometimes caused by high velocity bullets are also very

clearly discussed, but no new light is thrown upon this

very curious phenomenon. The authors adhere to the

generally accepted theory that the effects are due to

secondary energy transmitted to tissues of a certain

nature or in a certain state of tension. The
possible part played by ricochets, deformities, and

varying angles of impact is not mentioned in

this connection. There is also entire absence of any

reference to the use of true explosive bullets, which,

although abolished by international agreement in 1868,

are alleged to have been employed by some Boer com-

mandos' in the war that is now being waged in South

Africa. The chapter on artillery fire is interesting and

valuable, and concludes with a suggestive article on the

moral effects of this branch of the service. In other re-

spects the dynamics and ballistics of artillery projectiles

and the wounding effects of fragments of shells, pro-

jectiles, &c., are worked out on the same lines as in the

chapters on small-arm projectiles.

In the volume on explosives there is a variety of de-

tails, not readily obtained elsewhere in the same compact

form, and on this account it is perhaps the most valuable

of the three volumes to the student of military surgery

or medical jurisprudence, to whom it is chiefly of interest.

The effects of the various explosives in use are amply

illustrated by historical incidents, especially incidents

connected with anarchist attempts and with explosions

in stores, ships and arsenals. The explosives used in

the cartridges of the small-arms of different countries

are also well described and compared. The authors in-

clude in this volume a chapter on the accidents connected

with sapping and mining, a subject which we do not

remember to have seen noticed in other works of a

similar nature. The physical phenomena of a peculiar

form of intoxication or suffocation to which sappers are
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liable are fully described and not generally known in

this country.

The complete absence of bibliographic references is

a notable defect in the volumes, more especially as they

are mainly compilations of the works of other writers

aod investigators, whose names appear frequently in the

authors' pages. In fact the reader, who might wish to

consult the original works, will have great difficulty in

knowing where to look for them. We are always glad,

however, to welcome any contribution to a literature

which is so meagrely represented in our own country.

^^ W. G. M.

^H PLANTS OF THE PAST,

^^^^enis de PaUoboianique. By R. Zeiller. Pp. 421.

^^KParis : Carrd and Naud, 1900.)

^^^OME of the most striking advances in botanical

O science during the last two or three decades have

been in the domain of PaUeobotany. The study of fossil

plants is now generally recognised as a science of primary

importance, which affords, not merely useful data for the

stratigraphical geologist, but furnishes valuable informa-

tion as to the course of plant evolution, and enables us to

Ianect
some of the phyla of the plant-kingdom at points

lere their common origin is clearly indicated. Prof,

iller, of the Ecole des Mines, Paris, has played a

)minent part in placing fossil botany on a thoroughly

entific basis ; his work, which embraces a wide field,

characterised by a philosophical handling of facts, a

roughness of treatment and a breadth of view that

i too frequently lacking in scientific writings of the

ssent day. In the book before us Prof. Zeiller

has performed a difficult task with considerable

success. Within a small compass he has included

a systematic though necessarily brief account of

the more important types of fossil plants, and concise and

clearly-written chapters on various subjects of geological

and botanical interest. The illustrations are well exe-

cuted, and it is a pleasure to note that many of them are

new. In the section treating of the preservation of plants

as fossils, Zeiller draws attention to a method of examina-

tion of " impressions " which he has used with consider-

able success. It is often possible, after suitable chemical

treatment, to examine microscopically the thin carbon-

aceous film, which may sometimes be detached from the

surface of a plant fragment lying on a slab of shale, and
in this way to obtain important information as to

anatomical details.

Some interesting examples of the Siphone^e are figured

and briefly described ; but one or two of the examples

quoted, e.g. the supposed Caulerpa from the Kimmeridge
Clay, are of very doubtful value. The fossil Myxomycetes
of Palaeozoic age, described by Renault and other authors,

should be mentioned with a word of caution as to their

acceptance as undoubted Mycetozoa. In describing the

!
vascular cryptogams, Zeiller notes the danger of attach-

!
ing too much importance to the presence or absence of

j
secondary wood, or to the isosporous or heterosporous

character of a genus ; mistakes made in the past, which
have persisted for many years, emphasise the need of this

Caution.
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In discussing the systematic position of various extinct

generic types of exceptional interest which point to a

common origin of'cycads and ferns, Zeiller speaks of

the collateral form of the vascular bundles as one o\

those cycadean characters which is met with also in

recent ferns. It is, however, important to bear in mind

the fact that in. the collateral bundles of Ophtorlossum

and other ferns the protoxylem occupies an endarch posi-

tion, while the cycadean type of bundle is usually

mesarch.

The chapter on fossil ferns is particularly well done,

and contains much that is new. The gtnus Microdictyon,

mentioned by Zeiller as a mesozoic fern closely allied to

Laccopteris, is hardly sufficiently distinct to be retained

as a separate type.

The enlarged photograph of a leaflet of the well-known
" fern," Alethopteris Serlii, given to illustrate the occur-

rence of what may possibly be traces of sporangia, does

not afford satisfactory evidence that this fern-like frond

bore fern-like sporangia. We are still in want of con-

vincing evidence as to the nature of the reproductive

organs of both Alethopteris and Neuropteris., genera in

which the characters of ferns and cycads were com-

bined.

A drawing is given of an exceptionally fine example of

a rhcetic fern

—

Clathropteris piatyphylla—from Tonkin
;

as Zeiller has shown, this plant may be compared with

the recent genus Dipieris, which, \\V& Matonia pectinata,

represents a tropical survival of a widely-spread mesozoic

family of ferns. The inclusion of the genus Sagenopteris

with the Hydropterideae, rather than with the Filices, is

perhaps a little rash, as the evidence so far available as

to the reproductive organs is by no means conclusive.

A good description is given of the genus Spheno-

phyllum, but it is to be regretted that exigencies of space

prevent full justice being done in this and other cases

to the account of anatomical features. Zeiller discusses

the possibility of Sphenophyllum having lived as a water-

plant in the Coal period forests, but it is perhaps more

probable that its long and slender stems were supported,

like lianas, by the boughs of stouter trees.

In dealing with the Calamaries, Zeiller does full jus-

tice to the work of English authors, and discusses con-

troversial points with admirable judgment and an open

mind. The genus Sigillaria is described as a true

lycopodiaceous ^plant, agreeing in certain respects with

Isoetes.

In the account of fossil cycads, Zeiller, like other

authors, quotes an example of a cretaceous Cycas carpo-

phyll, figured by Heer, from Greenland ; the figured

specimen, which the writer has seen in the Copenhagen

Museum, is not sufficiently well preserved to be deter-

mined with certainty, and bears but a distant resemblance

to Heer's figure. The genus Podozamites, placed by

Zeiller among the Cycads, may possibly be more cor-

rectly included in the Conifera;, but it is a type of some-

what doubtful position. The flowers of Zamites gtgas,

usually known as Williainsonia, mentioned in the section

dealing with the Bennettiteie, are usually of Inferior Oolite

rather than Lower Lias age.

Prof. Zeiller gives a useful summary illustrating our

knowledge of fossil angiosperms ; as he points out, the

literature on Tertiary plants is in urgent need of revision
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at the hands of experienced systematists. The con-

cluding chapter, dealing with the bearing of palaso-

botanical evidence on plant evolution, is full of interest,

and particularly valuable as being written by one who
possesses both a wide knowledge ofthe available data and

the power of critically weighing the evidence. Referring

to the comparative study of species of fossil plants,

Zeiller writes :

" Les Esp^ces, commes les genres, se succMent par
vole de substitution et non par voie de transformation
graduelle, et il en parait etre de meme ktouslesniveaux."

A very useful bibliography of writings referred to in

the text is given at the end of the volume. A. C. S.

PHOTOGRAPHY IN NATURAL COLOURS.
Lehrbuch der Photochromie {Phoiographie der natiirlichen

Farben). Von Wilhelm Zenker ; neu herausgegeben
von Prof. Dr. B. Schwalbe. Pp. xiii + 157. (Braun-

schweig : Vieweg und Sohn, 1900 )

IN 1868, after long study and repetitions of Edmond
Becquerel's experiments on photochromy. Dr.

Wilhelm Zenker himself printed and published a " Lehr-
buch der Photochromie," which contained a physical
explanation of the colour-correctness of these photo-
chromatic images. Zenker's book did not have a wide
circulation— it would be difificult, perhaps, to name any
one in England who has read it—and it was not until

J890 that Lippmann, by founding a new method on the

principle suggested by Zenker, drew a slightly increased

attention to Zenker's labours. That the attention was
only slightly increased was due to two causes : firstly,

the rather astonishing results of Lippmann and others

helped to overshadow the principle of Zenker in the eyes

of most people ; secondly, among all those whose pur-

suits have any claim to be considered as scientific,

English photographers are especially noticeable for their

deliberate ignorance of the creative work of the past in

photography.

For the latter re ason, chiefly, the present writer has
given, during the past year, a rather full analysis of

Zenker's work in " Camera Obscura," and we have now
a reprint, in good English type, of the book. In the
words of the preface, " The more modern researches on
photography in natural colours have shown that the way
and the explanations of modern attempts are connected
in many respects with Zenker's ideas." The volume
contains besides a portrait of Zenker, a sketch of his

life and index of his works by Prof. Gustav Krech ; and,
finally, Herr E. Tonn gives (pp, 131-157) an account of
the further development of photochromy on the founda-
tions of Zenker's theory. We shall notice these briefly in

their order ; but, with regard to the " Lehrbuch " itself,

shall abstain from entering at all fully into the subject
of its contents, as in the above-cited reference there is

already a full account of it in English.

Wilhelm Zenker (1829-1899) cultivated many different

branches of knowledge. His first papers (1850-1866)
were zoological ; the " Lehrbuch " was his first contribu-
tion to photography; and his other papers were on
colour-perception (1867), photography and physical
optics, astrophysics, and, in later life, meteorology. The
" Lehrbuch," however, is probably the most important of
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his works, and it is to be hoped that now, with this

excellent reprint, his methods will have some influence

on English photography.^

The book is divided' into three parts: (i) Consider-

ations on colours ("Das Wesen der Farben"); (2)

Account of his predecessors' work in photochromy (" Die
Wiedergabe der Farben ") ; and the third part (" Theorie
der Photochromie"), after an account of the theories of

Seebeck, Becquerel and others, contains Zenker's own
ideas (pp. 1 16-129). There are one or two useful notes

to this section.

Herr Tonn's section, with one exception, seems very

complete, and full references are given. It is, however,

a pity that the very pregnant hint of Lord Rayleigh
should be unnoticed {Phil. Mag., 1887). Lord Rayleigh,

independently of Zenker, and starting from totally

different considerations, indicated in a footnote the

Zenker principle, and even went farther ; for not only

did he seek to explain ithe results of Becquerel by
this principle, but seemed to see the possibility of a
new method of photochromy based on it. It would be
interesting to have some account of Lord Rayleigh's

then promised experimental investigations. If Herr
Tonn knew this paper, it is difificult to understand how
he resisted the temptation of comparing Rayleigh and
Zenker—Zenker who was so clearly a non-mathematician.
The chief value of the book, the writer persists in

believing, is not historical—for it has not had very much
influence in the moulding of thought—but is in its spirit

;

the influence of its point of view and methods is needed
above all at the present time for English photographers

;

this does not mean, of course, the small number of

English photo-chemists.

Philip E. B. Jourdain.

OUR BOOK SHELF.
Die Harze und die Harzbehdlter. By A. Tschirch. Pp.

viii 4- 417. (Leipzig : Gebriider Borntraeger, 1900.)

The author has spent eight years in collecting and
arranging the scattered facts relating to the obscure
group of organic compounds which are classified as
resins by virtue of a common physical characteristic.

What Kekule termed "the chemical lumber room"
contained at one time a collection of similar obscure
groups, such as the alcaloids, colouring matters, tannins,

aromatic compounds, &c. ; but since the year when that
chemist gave to the world his benzene formula, the
lumber room has been industriously ransacked and its

contents dragged forth into the light of day. Perhaps
the resins have received the scantiest share of attention

;

partly, no doubt, owing to the practical difficulties which
they offer to the chemist.

We know nothing of the molecular state which finds

its physical expression in these amorphous, translucent

compounds, nor how to bring them into a condition of

ascertained purity. How often does a promising research
miscarry by the unwelcome appearance of resinous

products ! Nevertheless the mass of research which has
accumulated on the subject fills 400 closely printed pages.

A great amount of this research gives very little

indication of the nature of the resins themselves. The
older chemists distilled them and obtained products such

1 His work for the Paris Academy prize in 1868 stands in close relation

to his theory of photochromy (see Fizeau's report, Comfit, rend., Ixvi.,

Ixvii.). Zenker's memoir was never published, and Otto Wiener (Wied.
Ann., 1890, 1895) later and independently followed the same train of
thought. {Cf. also Cornu, Poincar^, Potier and Berthelot, Cornet, rend.,

cxii. ; and Drude, Wied. Ann., xli., xliii.;.
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as benzoic acid, toluene, turpentine, &c. At a later

date this severe method of treatment was replaced by the

milder action of fused potash, with the result that a
number of new aromatic acids and phenols were dis-

covered. At the present time the separation of the

various constituents of a resin is effected by the use of

solvents and the numerous reagents which the resources

of modern organic chemistry can offer. The results do
not carry us very far. As the author says, " our march
of conquest has only begun, and the present volume may
suggest a successful plan of campaign." J. B. C.

The Lepidopiera of the British Islands : a Descriptive
A ccouni of the Families, Genera and Species Indigenous
to Great Britain and Ireland, their Preparatory > tales.

Habits and Localities. By Charles G. Barrett, F.E.S.
\'ol. vi. Parts 59-70. Heterocera (Noctuina— Geo-
metrina). Pp. "388. Plates 233-280. (London

:

Lovell, Reeve and Co., Ltd., 1900.)

The present instalment of Mr. Barrett's great work in-

cludes 1 10 species, from Hoporina croceago, Schiff., to

Halix wauaria, L., and is written in the same exhaustive

manner as previous volumes, giving all the information

that a collector of British Lepidoptera (as such) is most
likely to require. To Continental entomologists who
wish to acquire an accurate knowledge of our limited

insular fauna it would also prove very useful ; though it

is to be regretted that the bulk of the book, which may
be expected to extend to nearly twenty volumes, and the

unavoidable costliness of the larger edition issued with
plates (which are not included in the cheap edition),

must necessarily tend to restrict the sale. Those re-

quiring it may therefore be recommended to obtain it

volume by volume, or in monthly parts, as it appears,
rather than to wait till the whole work is completed. We
need not repeat our comments on earlier volumes, which
will equally apply to the one before us ; but the accounts
given of the habits of the various moths discussed are

always interesting, and sometimes curious ; thus we learn

that the rare Cerastis erythrocephala, Schiff., after its dis-

covery in 1847, was met with occasionally till 1859, when
it seems to have almost disappeared till 1872 and 1873,
since when only one specimen, taken in 1894, has been
found in England. The periodicity of the appearance of
many species in these islands is curious, and has never
been fully explained, for the causes which appear appli-

cable to some cases will not explain others ; and, more-
over, uncertainty in the appearance of species seems to

increase rather than to diminish. English names are not
a conspicuous feature in this book, but Mr. Barrett notes
that a recent writer has called Xylina con/ortnis, Schiff.,

''The Conformist," and the next species, X. lambda, Fab.,
"The Nonconformist" I The resemblance of species
of Calocampa and Cticullia to bits of stick is commented
on ; in fact, certain moths and larvae thus fill the gap in

our protected fauna caused by the absence of the stick

insects proper, or Phasmidie, which are not found nearer
to our shores than the South of France. Several species
noted in this volume seem to be now extinct in our
islands ; thus, Chariclea delphinii, L., does not seem to

have been taken in England since about 181 5. Their
place has been taken by others ; for example, the
northern migration of Plusia inoneta. Fab., reached
England in 1890, and is probably still extending. Other
moths of interest are those with cannibal larva;, such as
Scopelosoma satellitia, L., Heliothis arinigera, Hiibn., &c.
There are many other interesting observations, which we
have no room to quote, in the present volume, comprising,
as it does, the conclusion of the Noctuae, the Deltoidre,
and the first few species of the Geometrte. We may,
however, note that the enigmatical Sarrothripa revayana,
Schiff., is regarded by Mr. Barrett as a true Noctua, and
is placed at the end of the Noctuae Trifidae.

W. F. K.
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LETTER TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any other part «/ Naturf.
No nonce is taken ofanonymous communications,

"l

The Plankton of the Bay of Biscay.

With the valuable assistance of Mr. L. A. Borradaile, of

Selwyn College, Cambridge, I have just completed a series of

observations on the plankton of the Bay of Biscay extending
over about three weeks, by means of opening and closing nets,

as well as ordinary tow-nets. Our observations point to the

fact (unexpected at any rate by myself) that the smaller Meso-
plankton practically ceases at a depth of about 1000 fathoms.

This conclusion agrees with that reached by Prof. Chun on the

basis of the Valdivia Expedition (Deutsche Tiefsee Expedition,

1898-99, p. 44), with which, however, we were unacquainted
until we had arrived at it independently. Below this limit we
almost always captured a few specimens, as to which it wms
doubtful whether they were alive when captured, or were merely
corpses of a shallower fauna sinking to the bottom, but in a
few cases we at present incline to assign them to a living

Mesoplankton.
We have also taken about 90 hauls under varied conditions

at varied depths between 100 fathoms and the surface, which
will eventually, we hope, give a fairly accurate basis for the

determination of the vertical movements of the Epiplankton.
Our thanks are due to the Lords Commissioners of the

Admiralty for placing the ship at our disposal, and to Captain
Field and the other officers of the Research for their ungrudging
assistance. G. Herbert Fowler.
H.M.S. Research, Devonport, July 27.

THE TEACHING OF MATHEMATICS.

I
THINK it very important to try to get a view of our
system of teaching mathematics which is not too

much tinted with the pleasant memories of one's youth.

Like all the men who arrogate to themselves the right to

preach on this subject, I was in my youth a keen geo-

metrician, loving Euclid and abstract reasoning. But I

have taught mathematics to the average boy at a public

school, and this has enabled me to get a new view. I

have seen faces bright outside my room become covered
as with a thin film of dulness as they entered ; I have
known men, the best of their year in England in classics,

lose in half an hour (as men did in the first day of

slavery in old times) half their feeling of manhood ; and
I have known that, as an orthodox teacher of mathe-
matics, I was really doing my best to destroy young
souls. Happily, our English boys instinctively take to

athletics as a remedy, and I know of nothing which
gives greater proof of the inherent strength, in good
instincts and common sense, of our race than this refusal

to allow one's soul to be utterly destroyed. I have also

mixed much with engineers, who really need some
mathematics in their daily work, men who say that they

once were taught mathematics, and I know that these

men never use anything more advanced than arithmetic,

and actually loathe a mathematical expression wheii it

intrudes itself into a paper read before an engineering

society. Of all branches of engineering, electrical

engineering relies most upon exact calculation. Well,

the average electrical engineer in good practice would
rather work a week at many separate arithmetical ex-

amples than try for an hour to get out the simple

algebraic expression, which includes all his week's re-

sults and much more. Yet he has passed perhaps

certain rather advanced examinations in mathematics.

Furthermore, those engineers who can most readily

apply mathematics to engineering problems, almost in-

variably descend to the position of teachers and pro-

fessors in schools and colleges, and they seem to lose

touch completely with the actual life of their profession.
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I have studied these phenomena very carefully, and
I affirm that they are directly traceable to the absurd

thing called mathematical teaching in schools and
colleges.

The framers of educational methods took in their

youth to abstract reasoning as a duck takes to water,

and of course they assume that a boy who cannot in one
year understand a little Euclid must be stupid. In truth,

it is a very exceptional mind, and not, perhaps, a very

healthy mind,which can learn things or train itself through

abstract reasoning ; nor, indeed, is much ever learnt in

this way. Do we philosophise about swimming before

we know how to swim ; or about walking or jumping, or

cycling or riding a horse, or planing wood, or chipping
or filing metals, or about playing billiards or cricket ?

Is it through philosophy that we learn a game of cards,

or to read or to write ? No ; we first learn by actual

trial ; we practice as our mind lets us ; we philosophise

afterwards—perhaps long afterwards. Then if we are

too clever or stupid, we insist on teaching a pupil from
the point of view which we have at the end of our
studies, and we refuse to look at things from the pupil's

point of view.

What a natural but ghastly statement the boy made
who said: "Yes, Euclid and Xenophon, the beasts,

wrote books for the third and fourth forms "
! It is even

a ghastlier notion that the jokesomeness of a philosopher,

the unessential fringe of a subject, often becomes the

soul-destroying, weary, worrying study of a schoolboy.

In a short article I shall not attempt to put forward my
views as to how mathematics ought to be taught ; I have
published some of them in a summary of lectures on
"Practical Mathematics," published by the Science and
Art Department, and in my " Calculus for Engineers."

We let a Board School boy jump over all the ancient

philosophy of arithmetic with its twenty-seven independent
Greek characters (for our ten figures), the study of which
required a lifetime, so that only old men could do multi-

plication, and they not only needed many hours to do one
easy bit of multiplication, but declared that if the art

were not practised every day it could not be remembered.
Why not also let a boy jump over all the Euclidian
philosophy of geometry, and assume even the forty-

seventh proposition of the first book of Euclid to be
true ? Why not let him replace the second and fifth

books of Euclid by a page of simple algebra, and give

him much of the sixth book as axiomatic ? If you must
insist on abstract reasoning, you had better remember
that nothing is really axiomatic ; but any well-established

truths may be looked upon as fundamental or axiomatic,

and a system of abstract reasoning maybe founded upon
them. At present, a man at Cambridge finishes just

where the really interesting and useful part of mathe-
matics begins. There would not indeed be much diffi-

culty in framing a course in which he would begin by
studies where the studies of good mathematicians now
end. This has been tried and proved successful. The
present rules of the game are really a little too absurd.

A difficult vector subject like geometry must be studied

before algebra. Simple exercises on squared paper, well

within the capacity of even illiterate persons, must not

be approached until one has wasted years on higher
algebra and trigonometry and geometrical conies, because
they belong to the subject of co-ordinate geometry. It

is assumed that it is not until after co-ordinate geometry
is thoroughly studied that a man can take in the idea

which underlies the calculus, an idea which is possessed
by every young boy with absolute accuracy, and by every
healthy mind.
Some friends of mine assert that no boy or man

ought to be allowed to use logarithms until he knows
how to calculate logarithms. They say this, knowing
that the calculation is a branch of what is called higher
mathematics, and that the average schoolboy, after six
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years at mathematics, finds it hopeless to even begin the
study of the exponential theorem. It is a hard saying I

It is exactly like saying that a boy must not wear a
watch or a pair of trousers until he is able to make a
watch or a pair of trousers. I am an advocate for the
use by all students of all appliances which may be useful
to them, whether made by tailors, or watchmakers, or
instrument makers, or builders, or pure mathematicians.
We need not believe a craftsman when he tells us that
we cannot utilise his results without practising his trade.

Nevertheless, it is good to be able to do some things for

one's self, such as sewing on buttons, or using the lathe or
a blowpipe, or the development of a little mathematics.
If readers will refer to the above-mentioned summa?-/
they will see that I consider a good system of mathe-
rnatics teaching of fundamental importance in the educa-
tion of all men.

I must not dwell any longer on the imperfections of the
existing system, but I hope that even readers who do not
quite agree with me that much of the sixth book of
Euclid ought to be regarded as axiomatic, will agree
that what we usually call arithmetic is useless. For
races not troubled with our abominable system of
weights and measures, the whole of arithmetic consists

merely of multiplication and division. To them a
decimal is no more difficult to understand than an
ordinary number. It is supposed that an English boy
understands at once the meaning of 4,590,000 or 4590
or 459, but that such a number as 45*9 or "459 or '00459
is beyond his comprehension. I say that this is a
difficulty artificially maintained by our stupid methods of

teaching. Like the rest of our stupid methods, it is due
to our unscientific ways of thinking. Because the embryo
passes through all the stages of development of its

ancestors, a boy of the nineteenth century must be
taught according to all the systems ever in use and in

the same order of time. The decimal system of stating

numbers is 700 years old in Europe, but it was not till

280 years ago that Napier invented the use of decimals
and the decimal point. Think of compelling all emigrants
to pass to America through Cuba, because Cuba was dis-

covered first. Think of making boys learn Latin and
Greek before they can write English, because Latin and
Greek were the only languages in which there was a
literature known to Englishmen 450 years ago.

Again, the ingenious teachers of last century incor-

porated every kind of arithmetical example in a book
and called each kind by a slang name— practice,

interest, discount, tare and tret, alligation, position, &c.,

and we must teach exactly as they did. I do not mind
retaining the buttons at the back of my coat ; many
useless ancient ceremonies may still be practised, and I

shall not object. I can even admire them, but the un-

scientific waste of the valuable youth of millions of our

people, now that we are face to face with nations who
are determined to destroy England through commerce
and war, is so abhorent to me that I cannot think of it

with patience. It is not merely in arithmetic and
geometry, but in the higher parts of mathematics that

this waste goes on. Newton employed geometrical

conies in his astronomical studies, and mechanics was
developed ; and therefore it is that every young engineer

must study mechanics through astronomy, and he dare

not think of the differential calculus till he has finished

geometrical conies. The young applier of physics, the

engineer, needs a teaching of mathematics which will

make his mathematical knowledge part of his mental

machinery, which he shall use as readily and certainly as

a bird uses its wings ; and we teach him in such a way
that he hates the sight of a mathematical symbol all his

life after.

It is just as in classics. Ask the average man if he

ever reads anything now in Latin or Greek ; ask him
about anything to which he devoted ten years of his
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study at school, and he will answer that the only men
he knows of who read the classics are a few famous

scholars and the cads who read with delight cribs of the

Odyssey and the Iliad ]Vi%i as if they were novels, because

they never had the advantage of a classical education.

But, of course, his mind was trained, he can always say

that.

The authorities of the Science and Art Department
recognise that apprentices and others attending evening

classes may possibly benefit by a course of study very

different from what is necessary if students are being

prepared for university and other examinations. Hence,

in addition to their very complete orthodox courses of

instruction, they recognise the new method of study,

the most elementary part of which is beginning to get

crystallised in the following syllabus. There is also an

"Advanced" syllabus, which is too long to be published

here. I would advise interested persons to write to the

Department for copies, and also for the report on the

result of last year's examination, as well as for copies

of the examination papers and of the above-mentioned

summary.
I venture to hope for criticism of this syllabus—first,

from men like my Cambridge friends, who are quite sym-

pathetic, but who think the method one fit for evening

classes only ; second, from men who think with me that

the method is one which may be adopted in every school

in the country, and adopted even with the one or two

boys in a thousand who are likely to become able mathe-

maticians ; third, from other men. Whatever be the

point of view of any critic, he must surely feel that ex-

haustive criticism is important, for there are many large

technical schools in England in which the method has

already been adopted, the orthodox system being quite

given up. I have been informed that the method is

spreading rapidly in Germany also. I can already see

from the exceedingly interesting examination results that

crystallisation is proceeding rapidly, and if criticism is to

be of value, now is the time for it. I hope also that the

seemingly bumptious manner in which I criticise orthodox

methods of teaching will not induce contemptuous in-

difference in men of thought. I hold a brief in the in-

terests of average boys and men ; my strong language
and possible excess of zeal are due to the fact that nearly

all the clever men have briefs on the other side.

John Perry.

PRACTICAL MATHEMATICS.
Elementary Stage.

Arithvietic.—The use of decimals ; the fallacy of retaining

more figures than are justifiable in calculations involving

numbers which represent observed or measured quantities.

Contracted and approximate methods of multiplying and
dividing numbers whereby all unnecessary figures may be
omitted. Using rough checks in arithmetical work, especially

with regard to the position of the decimal point.

The use of 5*204 x lo* for 520400 and of 5*204 x 10 -' for

'005204. The meaning of a common logarithm ; the use of

logarithms in making calculations involving multiplication,

division, involution and evolution. Calculation of numerical
values from all sorts of formulae.

The principle underlying the construction and method of

using a common slide rule ; the use of a slide rule in making
calculations. Conversion of common logarithms into Napierian
logarithms. The calculation of square roots by the ordinary
arithmetical method. Using algebraic formula? in working
questions on ratio and variation.

Algebra.—To understand any formula so as to be able to use
it if numerical values are given for the various quantities. Rules
of Indices.

Being told in words how to deal arithmetically with a
quantity, to be able to state the matter algebraically. Problems
leading to easy equations in one or two unknowns. Easy trans-

formations and simplifications of formulae. The determination
of the numerical values of constants in equations of known
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form, when particular values of the variables are given. The
meaning of the expression " A varies as B."

Factors of such expressions as x^-a^, 3^-\r\\x->rio,

x^-fyx- 66.

Mensuration.—The rule for the length of the circumference

of a circle. The rules for the areas of a triangle, rectangle,

parallelogram, circle ; areas of the surfaces of a right circular

cyHnder, right circular cone, sphere, circular anchor ring. The
determination of the area of an irregular plane figure (l) by using

a planimeter
; (2) by using Simpson's or other well-known rules

for the case where a number of equidistant ordinates or widths

are given ; (3) by the use of squared paper whether the given

ordinates or widths are equidistant or not, the " mid-ordinate

rule " being used. Determination of volumes of a prism or

cylinder, cone, sphere, circular anchor ring.

The determination of the volume of an irregular solid by

each of the three methods for an irregular area, the process

being first to obtain an irregular plane figure in which the vary-

ing ordinates or widths represent the varying cross sections of

the solid.

Some practical methods of finding areas and volumes.

Determination of weights from volumes when densities are

given.

Stating a mensuration rule as an algebraic formula. In such

a formula any one of the quantities may be the unknown one,

the others being known.
Use of Squared Paper.—The use of squared paper by

merchants and others to show at a glance the rise and fall of

prices, of temperature, of the tide, &c. The use of squared

paper should be illustrated by the working of many kinds of

exercises, but it should be pointed out that there is a general

idea underlying them all. The following may be mentioned :

—

Plotting of statistics of any kind whatsoever, of general or

special interest. What such curves teach. Rates of increase.

Interpolation, or the finding of probable intermediate values.

Probable errors of observation. Forming complete price lists

by shopkeepers. The calculation of a table of logarithms.

Finding an average value. Areas and volumes, as explained

above. The method of fixing the position of a point in a plane ;

the X and y and also the r and d, co-ordinates of a point.

Plotting of functions, such as y — ax^,y= ae'"', where a, b, n,

may have all sorts of values. The straight line. Determina-

tion of maximum aud minimum values. The solution of

equations. Very clear notions of what we mean by the roots

of equations may be obtained by the use of squared paper.

Rates of increase. Speed of a body. Determination of laws

which exist between observed quantities, especially of linear

laws. Corrections for errors of observation when the plotted

quantities are the results of experiment.

In all the work on squared paper a student should be made
to understand that an exercise is not completed until the scales

and the names of the plotted quantities are clearly indicated on
the paper. Also that those scales should be avoided which are

obviously inconvenient. Finally, the scales should ha chosen

so that the plotted figure shall occupy the greater part of the

sheet of paper ; at any rate, the figure should not be crowded
in one corner of the paper.

Geometry.—Dividing lines into parts in given proportions,

and other illustrations of the 6th Book of Euclid. Measure-

ment of angles in degrees and radians. The definitions of the

sine, cosine and tangent of an angle ; determination of their

values by drawing and measurement ; setting out of angles by
means of a protractor when they are given in degrees or radians,

also when the value of the sine, cosine or tangent is given.

Use of tables of sines, cosines and tangents. The solution of

a right angled triangle by calculation and by drawing to scale.

The construction of a triangle from given data ; determination

of the area of a triangle. The more important propositions of

Euclid may be illustrated by actual drawing ; if the proposition

is about angles, these may be measured by means of a

protractor ; or if it refers to the equality of lines, areas or

ratios, lengths may be measured by a scale and the necessary

calculations made arithmetically. This combination of drawing

and arithmetical calculation may be freely used to illustrate the

truth of a proposition.

The method of representing the position of a point in space

by its distances from three co-ordinate planes. How the angles

are measured between (i) a line and plane; {2) two planes.

The angle between two lines has a meaning whether they do or

do not meet. What is meant by the projection of a Une or a
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plane figure on a plane. Plan and elevation of a line which is

inclined at given angles to the co ordinate planes. The meaning

of the terms " trace of a line," " trace of a plane."

The difference between a scalar quantity and a vector quantity.

Addition and subtraction of vectors.

Slope of a line ; slope of a curve at any point in it. Rate of in-

crease of one quantity,;/ relatively to the increase of another quantity

X ; the symbol for this rate of increase, namely, -^ ; how to

determine — when the law connecting x and y is of the form
dx

y= ax". Easy exercises on this rule.

In setting out the above syllabus the items have been arranged
under the various branches of the subject.

It will be obvious that it is not intended that these should be
studied in the order in which they appear ; the teacher will

arrange a mixed course such as seems to him best for the class

of students with whom he has to deal.

ANAL YTICAL FORTRAITURE.
T T seems well to put on record the principal results of
-* experiments that I have recently made to isolate the

particulars in which one portrait differs from another.
They had a measure of success, but not enough to de-
serve illustration or lengthy description. The objects I

had hoped to attain are important ; namely, to define
photographically the direction and degrees in which any
individual differs from the race to which he belongs, the
race being represented by a composite picture of many
individuals belonging to it. Or, again, to define the par-

ticulars in which any variety of a plant or animal differs

from its parent species. Or to define family features
;

or to isolate expressions, recollecting that these consist

both of subtractions from, and additions to, the features

as seen in repose.

My starting point was that the exact superimposition
of a rather faint positive upon its rather faint negative
produces an approximately uniform grey, when they are
viewed as a single transparency. Thus, I photographed
a rotating disc that had been faced with white paper and
divided into concentric rings. The innermost disc was
left white, the outermost ring was painted black, and the
intermediate rings contained successively increasing pro-
portions of black to white. The photographic negative
showed rings of graded tints, and from this I took a
positive by contact. Subsequently applying the positive

to the negative, film to film, and viewing them as a
transparency, a nearly uniform grey surface was pro-
duced. It was necessary to superimpose them with
exactness ; otherwise the edges of the rings were con-
spicuously dark in one part, and light in the opposite
part. Another test experiment was to paste together
thicknesses of tracing paper—two-fold, three-fold, &c.,

up to twelve-fold—to cut distinctively shaped snippets of

these and to variously distribute them over the surface of
a glass plate, which was then photographed, and a positive

taken as well. On treating the positive and negative as
above, all the tints between those of the three-fold and
the nine-fold inclusive produced a uniform grey.

Let A and B be any two pictures whose respective
negatives and positives will be called neg. a, pos. a,

neg. b,pos. b. My object was to produce photographically
a third pictue X which should express the difference
between A and B ; that is, should be equal to A—B, or
else a fourth picture Y which should represent B—A.

It will, however, be simpler to treat the problem at first

as an optical one, based on the following equations :

—

(I.) pos. a -f neg. a = grey
;

(II.) pos. a + x = pos. b

(if treated as a photographic problem, (11.) would be re-

placed by pos. a + X = neg. b). From these we obtain

(III.) pos. a -f \pos. b -t- neg. a} = pos. b 4- grey
and

(IV.) pos. b -V {pos. a + neg. b} = pos. a + grey.
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Calling the terms within brackets by the name of
"transformers," the transformer oi b into a is the negative
of the transformer o'f a into b. The two terms with-
in brackets may be " composited " together on equal terms,
then the result may be composited with the first term,
allowing two-thirds of the total time of exposure to the
transformer, and one-third to the first term. Or, what
comes to the same thing in the end, all three terms may
be composited in equal shares, allowing one-third of the
total time of exposure to each. The transformers in
(III.) and (IV.) being respectively x -I- grey and/ -V grey,
are nearly equivalent for the purposes of the inquiry to
X and J/, because the addition of a uniform shade of grey
has little or no effect on pictorial resemblance. A portrait
does not cease to resemble the original when it has
become somewhat browned by exposure to a London
atmosphere, or when it is viewed in shade, or under a
tinted glass. Its distinctiveness depends on the differences
(not the ratios) being preserved between the tints of all

adjacent elements of its surface. Of course the grey
must not be too dark ; otherwise the deeper tints of the
portrait would appear indistinguishably black.

This method of transformation succeeds fairly well. I

changed an F on a white ground into a good G on a
grey ground, and I changed with passable success one
portrait A on white ground into another portrait B
on grey ground, but the transformer itself gave little of
that information to the eye which I had expected. It must
have nearly isolated, but it failed to exhibit in an intel-

ligible form the differences between A and B. Then I

photographed two faces, each in two expressions, the one
glum and the other smiling broadly. I could turn the
glum face into the smiling one, or vice versa, by means of
the suitable transformer ; but the transformers themselves
were ghastly to look at, and did not at all give the im-
pression of a detached smile or of a detached glumness.

Part of the ghastliness was due to the different den-
sities of the superimposed positives and negatives, which
did not neatly obliterate one another in the unchanged
portions of the face, and part was due to their not being
superimposed in the best possible way. There can be
no doubt of the best fit when engaged in making the
transforjner of an | into an L ; but the eye must deter-

mine the best fit and proportions of the two components
of the transformer of one portrait into another. I can-

not yet make up my mind whether or no the process
admits of substantial improvement, but feel sure that the

only satisfactory experiments now would be those made
by two converging lanterns on a screen, one at least of

which admits of easy and delicate adjustment in direction

and in the intensity of its illumination. The most suit-

able portraits for the attempt are apparently such as are

popularly, and sometimes reproachfully, termed " artistic,"

that is to say, with blurred outlines and medium tints ;

certainly not those which in photographic language are

called "plucky." I have no means in my house for

experiments of this kind, but perhaps a trial might be
made in some laboratory where they exist. The point is

to ascertain whether the images of neg. a and pos. b can
be so combined on the screen as to give an intelligible

and useful idea of the differences between A and B.

Francis Galton.

A RECOLLECTION OF KING UMBERTO.

HOW enthusiastically the late King of Italy could

devote himself to the welfare of science and art,

those of us who were at Como last September had an
opportunity, of seeing. One very hot day he arrived

with the Queen and the Duke of Naples by train from
their palace at Monza, near Milan. First they made an

official inspection of the galleries and machinery in the

Silk and Electricity Exhibition, then they visited the

Exhibition of Sacred Art, and, after lunch, they opened
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the Electrical Congress, held to celebrate the Volta

centenary.
This was a no mere regal opening occupying a fraction

of an hour, for a solid afternoon's work was done in

receiving various addresses and listening to a long

lecture on Volta and his pile, in which Volta's work was
described at length, and even discussed from the modern
standpoint of the ionic theory of voltaic action. Finally,

the king had several foreigners presented to him, and he
chatted with us about the things in which we were
interested.

But even this was not enough for one day's work, since,

before leaving, the Royal party went to the cathedral to

listen to the new oratorio, 1 he Nativity, which was ex-

citing so much interest in Como at that time.

Such a keen personal interest in science and art made
the king much loved by a people who venerate even the

tomb of a worker like Volta. And those of us who saw
King Umberto only at Como last year feel that it is not

merely a king, but a friend who has now been killed.

W. E. Ayrton.

NOTES.
On Monday next, August 6, the International Congress of

Physics will be opened at Paris with an address by the presi-

dent. Prof. Cornu. The Congress will then be divided into the

seven following sections, which will meet in the rooms of the

Societe fran^aise de Physique: (l) general questions, instruc-

tion, measurements ; (2) mechanical and molecular physics
;

(3) optics ; (4) electricity and magnetism ; {5) magneto-optics,

radio-activity, discharges in gases ; (6) cosmical physics ; (7)

biological physics. As many of our readers are aware, much
attention has been given to the organisation of the Congress.

The secretaries of the committee, Prof. Poincare and Dr.

Guillaume, have been entrusted with the production of three

volumes, already in the press, containing more than seventy

reports on physical questions of current interest and importance,

contributed by physicists of various nationalities. Among the

subjects dealt with by British physicists are : the movements

produced in an indefinite solid by the displacement of a material

body, by Lord Kelvin ; the constant of gravitation, by Mr.

C. V. Boys ; the propagation of electricity, by Prof. Poynting ;

electric discharges in gases, by Prof. J. J- Thomson ; properties

of alloys, by Sir W. C. Roberts-Austen ; and the unit of heat,

by Mr. E. H. Griffiths. In addition there are contributions by

Profs. Lorentz, van 't Hoff, Warburg, Voigt, van der Waals,

H. Poincare, Cornu, Lippmann, Potier, Becquerel, Arrhenius,

Exner, Spring and others. The sectional meetings will partly

be held simultaneously and partly at different hours, in order to

give members an opportunity of hearing papers of interest to all

physicists. In addition to the serious work of the Congress,

provision has been made for lighter entertainment. The
Municipal Council of Paris will hold a reception on Tuesday,

August 7, and the French President will give a reception to the

members on August 9. Prince Roland Bonaparte will give a

soiree on August li, and in his splendid library an exhibition of

new apparatus and experiments will be held. There is thus

every promise that the meeting will be both interesting and
pleasant to all who are able to take part in it.

It is announced that permission has been granted for the

Institution of Electrical Engineers to hold a reception in the

British Royal Pavilion in the Paris Exhibhion from 5 to 7 p.m.,

on Wednesday, August 22, and that arrangements for the

reception are being made accordingly.

We learn from Science that the New York Board of Estimate

and Apportionment has authorised the expenditure of 200,000
dollars for the Botanical (iarden, and 150,000 dollars for an
addition to the American Museum of Natural History.

NO. 1605, VOL. 62]

Mr. Leonard S. Loat, who is investigating the fishes of

Egypt for the British Museum and the Egyptian Government,

was last heard of at Korti, where he reports (on May 18) a hot

wind and a temperature of 115" in the shade. He had sent

home upwards of 2200 specimens of Nile-fishes to the Natural

History Museum, and as soon as the river had risen sufficiently

would proceed to Senaar and Khartoum.

Mr. J. S. BuDGETT, who is engaged in collecting fishes on

the River Gambia, dates his last letters (June 22) from McCarthy's

Island in the interior. There had been a disturbance in the

colony, and one of the Commissioners and a party of police were

believed to have lost their lives ; but this had not affected Mr.

Budgett's operations, and he had a large number of Polypteri

and Protopteri in fl )ating cages in the river. He was in good

health, and expected to be home again in September.

The Rocky Mountain Goat {Haploceros montanus) in the

Zoological Society's Gardens has now put on its full white

summer dress, and is well worthy of inspection. This animal,

until lately, was supposed to be the only representative of the

Mountain or Goat-like Antelopes in the New World, but a

second species of the same genus has recently been discovered

in Alaska, and named by.Mr. D. G. Elliott, of Chicago, Orea>iinus

kennedyi. The form is no doubt closely allied to NemorhaeJus

of the mountain ranges of Asia, and probably found its way to

the New World in company with the Rocky Mountain Sheep

and Wapiti Deer.

The Electrician, states that the German Electro-Chemical

Society is arranging to hold its seventh annual meeting at Ziirich

on August 5-7. In addition to the reading of a number of

papers, visits are to be paid to the Polytechnic and to the wjrks

of the Oerlikon Co.

The Moxon gold medal of the Royal College of Physicians,

founded in 1886 in memory of the late Dr. Walter Moxon, and

awarded every third year for distinction in clinical medicine, has

been awarded to Sir William T. Gairdner, K.C.B., F.R.S.,

Emeritus professor of medicine in the University of Glasgow.

Prof. Clifford AUbutt will deliver the Harveian Oration on

October 18 (St. Luke's Day) ; and Dr. A. E. Garrod, the

Bradshaw Lecture in November. Dr. Henry Head has been

appointed the Goulstonian, Dr. J. Frank Payne the Lumleian,

and Dr. Halliburton the Croonian Lecturer for 1901, and Dr.

J. W. Washbourn the Croonian Lecturer for 1902.

We are indebted to Mr. C. Repington, of Bridge End, Ockham,

Surrey, for some eggs of the Wood Leopard Moth {Zeuzera

^sculi). They resemble strings of small oval beads, of a yellow-

ish testaceous colour. The moth, although reputed scarce, is

commoner round London than is generally supposed, and would

be very destructive, if its numbers were not kept down by birds,

notably by sparrows and woodpeckers. The eggs might be

reared by placing them in chinks of the bark of almost any

deciduous tree (apple, elm, (tc). The larvre feed, Hke those of

the Goat Moth {Cosstis ligniperda), in the wood of growing

trees, but are much less common.

Questions referring to the Marine Biological Association were

asked in the House of Commons on Thursday last, and were

replied to by Mr. Ritchie as follows :
—" In 1885, the Treasury,

when agreeing to a grant to the Plymouth laboratory of the

Marine Biological Association, made it a condition ' That the

council undertakes to place space in the Plymouth laboratory at

the disposal of any competent investigator deputed by a

recognised authority to carry out any investigation into fish

questions for which the laboratory can give facilities.' The

Board of Trade have never employed any naturalist to make

investigations on fishes at the laboratory, and they have no staff

or funds to devote to such a purpose. I have no information as
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to what has been done by other Government authorities.

The Board of Trade have occasionally consulted the council

of the Marine Biological Association on fishery subjects. The

latest occasion had reference to the question of a fisheries

exhibit at the Paris Exhibition. The inspectors of the Board

of Trade have on many occasions consulted the officials of the

association in an informal manner. The association were not

directly consulted by of the Board Trade as to the Bill dealing

with undersized fish, which, however, was founded on the

recommendations of the Select Committee of 1893, who took

evidence from the association."

The sixty-eighth annual meeting of the British Medical Asso-

ciation was opened at Ipswich on Tuesday under the Presidency

of Dr. W. A. EUiston. An address in medicine was delivered

on Wednesday by Dr. Philip Henry Pye-Smith, F.R.S.
;

an address in surgery will be delivered to-day by Dr. Frederick

Treves ; and an address in obstetrics will be delivered by Dr.

William J. Smyly on Friday. The scientific business of the

meeting is being conducted in thirteen sections, as follows,

namely : Medicine ; surgery ; obstetrics and gynaecology ; State

medicine ;
psychology ; physiology ; pathology ; ophthalmology

;

diseases of children ;
pharmacology and therapeutics ; laryng-

ology and otology ; tropical diseases ; navy, army and ambulance.

The exhibits in the annual museum held in connection with

the meeting are arranged in the following sections :—Section A :

Food and drugs, including prepared foods, chemical and phar-

maceutical preparations, &c. ; Section B : Instruments, com-

prising medical and surgical instruments and appliances,

electrical instruments, microscopes, &c. ; Section C : Books,

including diagrams, charts, &c. ; Section D : Sanitary appliances

and ambulances.

The address of Mr. E. M. Holmes, the president of the

British Pharmaceutical Conference held in London last week,

and most of the papers read and discussed at the meetings, are

published in full in the current number of the Pharmaceutical

journal. Mr. Holmes reviewed the progress of science, so far

as it affected pharmacy, during the present century, and indi-

cated some of the changes which have occurred. Referring to

the subject of an international Pharmacopoeia, he remarked :

—

^
' A General Pharmacopoeia, that would enable a pharmacist to

dispense a prescription with uniformity in any pharmacy on the

Continent, may be regarded as a Utopian rather than a practical

idea, and could only be attained by alphabetically arranging in

dictionary form all the formulae in all the known pharmacopoeias.

But there can be no reason why an approach towards it should

not be made by a congress of medical men and pharmacists,

limiting their attention, in the first place, to poisonous prepara-

tions only, and, in order to avoid international jealousies,

adopting as a standard the formulte that approach nearest to

decimal proportions. The comparison of different formulae is

rendered a simple matter by the publication of the different

strengths of preparations of the various pharmacopoeias in

Squire's 'Companion to the British Pharmacopoeia.' The
next step might be to make uniform the strength of the most
generally used preparations that are not poisonous. A really

useful International Pharmacopoeia cannot be otherwise than a

gradual growth."

Among the papers printed in the PharmaceuticalJournal are

several of interest outside pharmaceutical circles. Mr. E. J.

Parry shows that the so-called santalol, which exists to the

extent of about 90 per cent, in sandal-wood oil, is a mixture

of two or more bodies of an alcoholic nature, one of which is

that to which the name santalene has been applied. Mr; T. H
Wardleworth deals with some pharmaceutical and economic

plants of Jamaica. As the result of a visit to that island he
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is of opinion that pharmacists would do well to attempt to

obtain from British colonies supplies of many drugs which at

present come from other parts of the world. Messrs. T. Tyrer

and A. Levy continue their investigation on melting points,

the substances more recently examined being salicylic acid,

salol, carbolic acid, menthol, and thymol. Messrs. C. T.

Tyrer and A. Wertheimer have made a careful physical

examination of American, Russian, and French turpentine oils

and terebene made therefrom, and propose, at some future

date, to investigate similar products from all possible sources.

As a general rule they find that the higher the initial rotation

of American turpentine the smaller is the product of inactive

mixture capable of steam distillation and the higher the

specific gravity. French turpentine has a greater tendency to

oxidise than American, being intermediate between that and

the Russian oil. Dr. F. B. Power summarises the methods

which have been advocated for the preparation of mercurous

iodide, and gives the results of determinations of the amount
of iodine or pure mercurous iodide contained in specimens of

the compound made in different ways. These results indicate

that precipitated mercurous iodide is quite uniform in composi-

tion and also sufficiently stable when properly protected. Mr.

E. Dowzard thinks that useful information may be obtained

by determining the viscosity of essential oils. A specimen of

pure lemon oil had a viscosity of I39"6, whilst that ofcitrene

was found to be 105 "8, and that of a mixture of citrene with

7
'5 per cent, of citral was 114 '9.

H.M.S. Viper, which it will be remembered is driven by the

"Parsons' steam turbine system" (built by the patentees at

their works at Newcastle for the British Government, and

described and illustrated in Nature of March l), has this

month not only broken her own record of 35^ knots, but proved

to possess qualifications equally important in marine engineering.

On six consecutive runs (says Engineering, July 20) the

following speeds were attained :

—

Equivalent speed in

knots

36-585
••• 35-503

37-113

36-585
37-113
36-072

The mean of two runs with and against the tide was 36 "845

knots. The Admiralty mean of the six runs over the mile, with

and against the tide, was 36'58i knots, which speed was also

the mean for the hour's run. The mean revolutions for the

hour's run was 1180 per minute. The steam pressure in the

turbines ran up to 200 lbs. per square inch, and the mean

pressure in the stokeholds was 4^ inches. Another important

feature of the trials was that the Viper worked up from a speed

of 14 knots to 36'585 knots in twenty minutes ; almost as much

importance is attached to this as to the high speeds attained,

both being very valuable considerations in war vessels and

cross channel boats. The trials, it is stated, worked without a

hitch, and vibration was practically imperceptible in any part of

the vessel.

According to a writer in the Times, several earthquake

shocks were felt at Bognor on July 18, between 10 and 11 p.m.

Another correspondent suggests that they were merely the

reports of the naval salute fired at Cherbourg on the departure

of the French President at the times mentioned. The character

of the disturbances, as described, certainly bears out this view.

Similar movements and rumbling sounds were also observed at

Torquay at the same time. Bognor is eighty-nine miles, and

Torquay loi miles, from Cherbourg.

ime on measured
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The Faculty of Sciences of the University of Rome proposes

to publish by subscription a complete collection of the works of

the late Prof. Eugenic Beltrami. The collection will probably

extend to three or four large volumes of 2000 pages in all, and

a copy will be sent to subscribers of 2/. and upwards. Sub-

scriptions are to be sent to Isaia Sonzogno, secretary of the

Scuola d'Applicazione per gli Ingegneri, 5, Piazza San Pietro

in Vincoli, Rome.

In a pamphlet, entitled the " Inidikil System," Mr. A.

Lincoln Hyde suggests a decimal system of weights and

measures for the English speaking people based on taking the

inch as the fundamental unit. One of the author's main
arguments for the proposal appears to be the failure of the

metric system to obtain public favour in Great Britain and
lerica, and he therefore thinks it desirable to make another

tempt at decimalising our weights and measures.

In the Proceedings of the Rochester Academy of Sciences,

)1. iii. Brochure 2, Prof. Arthur L. Baker gives a general sum-

iry of vector analysis, and a short note on the graphic repre-

Bntation of imaginaries—both suitable for teaching purposes.

Part 13 of the Rendiconti del R. Istituto Lombardo contains

mathematical papers—one by Dr. Duilio Gigli, on heli-

coidal and ruled surfaces in elliptic space ; the other by Signor

U. Anialdi, on commutative linear substitutions. In the former,

Dr. Gigli, starting with the classical methods of Beltrami, de-

duces certain theorems relating to ruled surfaces in space of

constant curvature, exactly analogous to those known to exist in

Euclidean space. The second paper deals with certain general-

isations enunciated by Schlesinger in his note, " Ueber vert-

auschbare lineare Substitutionen " (Crelle, 1899), to which
Amaldi applies certain synthetic methods due to Prof.

Pincherle.

In connection with the view that phosphorescence is due to

movements of the ether determined by the vibrations of material

particles, much interest attaches to the question as to whether
the intensity of phosphorescence is modified by a magnetic
field. Some experiments described by M. Alexandre de
Hemptinne in the Bulletin de la Classe des Sciences (Brussels)

appear to answer this question in the negative. In one experi-

ment the phosphorescent substance was contained in a tube
about 30 cm. long, placed between the poles of an electro-

magnet. The middle part of the tube was thus submitted to a
field of about 30,000 C.G.S. units, while at the ends the mag-
netic force was comparatively feeble. The tube contained sul-

phide of calcium or of zinc, prepared after Becquerel's methods,
and it was excited by being exposed to the sun. On observing
the tube in a dark room it was seen to be uniformly phos-
phorescent throughout its length ; it remained phosphorescent
lor a considerable time, and gradually the intensity diminished,
but at no stage of the experiment was any difference of intensity

noticeable from one end of the tube to the other. In order to

make more exact observations, M. de Hemptinne constructed a
phosphoroscope of sufficiently large dimensions to contain an
electro-magnet. Although this method was much more sensi-
tive than the preceding one, not the slightest difference could be
observed in the behaviour of sulphide of lime, sulphide of zinc,
nitrate of uranium, diamond and other more or less phosphor-
escent substances when submitted to a magnetic field of about
32,000 units.

High summer temperatures have continued to prevail over
the southern portion of our islands, but there has been an absence
of the excessive heat which was experienced in the preceding
week. Heavy thunderstorms occurred over a large part of

and smaller amounts in many parts of the country. Two quite

separate storms passed over the metropolis, one in the afternoon

and the second late in the evening. The lightning flashes were

very frequent and unusually brilliant. At Greenwich, the rain-

fall accompanying the thunderstorms measured 0*84 inch, while

in Westminster it only amounted to 0'42 inch. The weather

has been generally cooler since the storms, although the ther-

mometer in the south of England is well above the average.

The mean temperature for July was 4' above the average at

Greenwich; the mean of the maxima was 78°, and of the minima,

or night readings, 57°. The total rainfall for the month at

Greenwich was I '41 inches, which is more than an inch less

than the average.

A PAMPHLET on the organisation of the meteorological

service in Japan has been published by the Tokio Observa-

tory, for presentation to the Paris Exhibition. This service,

which is very complete, consists of eighty stations of the first

and second orders, and of about 900 stations at which only rain-

fall or temperature is recorded. The departmental stations, in

accordance with the decree establishing the service, are estab-

lished in suitable places, chosen by the Ministry of Public

Instruction, and any persons wishing to establish additional

stations have to obtain the authority of that Ministry. Elec-

trical, earthquake, and other exceptional phenomena are regu-

larly observed, in addition to the usual meteorological observa-

tions. All vessels belonging either to the imperial or merchant

service, which are over 100 tons burden, are compelled to make
observations at regular intervals, six times daily , and the logs are

forwarded to the central observatory. There is also a regular

service of weather telegraphy and storm warnings. The obser-

vations made three times daily are published in Weather Reports,

together with forecasts for the following day. The average

success of these forecasts amounts to 82 per cent., and of the

storm warnings to 70 per cent. In addition to the Dxily Weather
Report, monthly and yearly bulletins are issued ; these are natu-

rally written in the Japanese language, but an English translation

of the titles and important phrases is added. The present

director of the service is Prof. K. Nakamura, graduate of the

Tokio University ; the staff and attendants of the central

observatory amount to fifty-three in number.

The ethnology of ancient history, deduced from records,

monuments and coins, is a subject in which M. Charles de

Ujfalvy has made some important investigations. In tAtithro-
pologie, tome ix. , he has published a memoir on the White Huns.
The Huns artificially deformed their heads so as to greatly in-

crease their height (deformation relevie of Broca). They were
nearly related to the Hoa of the Chinese annals (which name
is merely the origin of the word Hun), to the Ye-tha of the

Chinese (who must not be confounded with the very different

Yu^-tchi), and to the White Huns or Ephthalites of Byzantine

and Armenian authors. The Huna kings of India practised the

same cranial deformation, as is shown by their effigies repre-

sented on their coinage. The Ephthalites practised polyandric

customs, and their women wore special horned head dresses.

Traces of polyandric habits, as well as of these extraordinary

coilfures, are still to be met with, after more than twelve hundred
years, in certain regions of the old Ephthalitic empire.

The second part of vol. xxviii. of the Morphologischesjahrbuck

is entirely taken up by two profusely illustrated memoirs on the

morphological anatomy of Vertebrates. In the first of these

Dr. S. Paulli continues his elaborate investigations into the

extent and form of the air-chambers in the mammalian skull ;.

dealing in this section with the morphology of the ethmoid bone
and the relations of the aforesaid chambers in Ungulates. Per-

haps the most striking feature in this communication is the
England on July 27, resulting in a fairly heavy rain over London I labour expended in working out the details of the labyrinth

NO. 1605, VOL. 62]



324 NATURE [August 2', 1900

formed by the ethmoid and surrounding structures, as is well

displayed in the text-figures, which resemble puzzles of an un-

usually complex type. Very unexpected is the discovery that

the structure of the ethmoid divides the more typical Ungulates

into two groups, one represented by the Ruminants and the

other by the Suina and the Perissodactyla. As this grouping so

completely traverses the classification indicated by other parts of

the organisation, it may be that the feature in question is purely

adaptive. In the general structure of the ethmoid the elephant

resembles more typical Ungulates. The second of the above-

mentioned memoirs is a continuation of Dr. B. Haller's study

of the Vertebrate brain ; the present section dealing with the

Pond-Tortoise {Einys orbicularis). At the conclusion of his

paper the author refers to the structural resemblances between

the reptilian brain on the one hand and that of Monotremes
and Marsupials on the other. He is led to conclude that

a commissure connecting the hemispheres of the brain was de-

veloped in an extinct forerunner of the reptiles, which formed

the ancestral type of both the Sauropsida and the Mammalia.

Twenty years ago the late Dr. Dobson described a new
species of Australian bat, remarkable for its white head and lower

surface of the body, under the name oi Megaderma gigas. From
that time to this the species has been known solely by the

type specimen—-a male. In No. 7, vol. iii. of the Records of

the Australian Museum, Mr. E. R Waite describes a second

example, this time a female, obtained in West Australia. To
the same journal Mr. Waite likewise contributes a paper on

additions to the fish-fauna of Lord Howe Island, in the course

of which he describes four new species, one of them being

assigned to a new genus. Several of them belong to the coral-

eating Chsetodonts. The author draws attention to the circum-

stance that since the transparent larval form to which the name
Leptocephalus was assigned in 1763 is now ascertained to be the

young of the Conger-eel, the generic title Conger has to

give place to Leptocephalus. As this latter name is now no

longer available for other similar larvae of which the adults are

unknown, he adopts for them the name Atopoichthys," lately

proposed by Carman.

The July number of the Biologische Centralblatt contains an

interesting note by Dr. R. Stolzle on the position taken by

K. E. von Baer with regard to the origin of the human race.

Reference is made to von Baer's opposition to the doctrine of

descent from lower animals (i) in pre-Darwinian times; (2)

after the appearance of " The Origin of Species" ; and (3) after

the publication of " The Descent of Man."

Captain R. H. Elliott, who has been for some time con-

ducting researches into the nature and action of snake venom
in India, arrives at the following conclusions in the British

Medical J0U1 nal

:

— (i) The snakemen of South India are cer-

tainly ignorant of any method of producing in themselves a

highly-developed condition of : immunity. (2) Some few of

them appear to practise the swallowing of venom, or the in-

unction of venom into their limbs, but.it is doubtful if they do

so with any well-defined object. It is possible that they thus

obtain some degree of immunisation, (3) They confine them-

selves almost exclusively to the cobra, and escape harm by their

intimate knowledge of the methods of handling this snake.

A COPY of the second edition of a catalogue of the fossils in

the students' stratigraphical series of the Woodwardian Museum,
Cambridge, by Mr. H, Woods, has been received.

The plants collected on the Antillean cruise of the yacht

Utowana, in Bermuda, Porto Rico, the Caymans, Cozumel,

Yucatan, and the Alacran shoals, between December 1898 and
March 1899, are described, under trhe title Plantae Utowanae,

by Dr. Charles Frederick Millspaugh, in vol. ii. No. i of the

botanical series of the Field Columbian Museum.
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Prof. W. H. Corfield's two Harveian lectures on disease
and defective house sanitation have been translated into

Hungarian by Dr. Frank, oT Budapest, for the Royal Society of

Public Health of Hungary. Dr. Frank remarks in the preface

that the lectures " merit the attention of Hungarian readers

because they explain the views of a prominent English hygienist,

and also because the sanitary arrangements of dwellings in

Hungary are much more unsatisfactory than those in England."

The additions to the Zoological Society's Gardens during the

past week include a White-fronted Capuchin {Cebus hypoleucus)

from Central America, presented by Mr, W, H. Laws ; a Two-
spotted Paradoxure {Naudinia binotata) from West Africa,

presented by Mr. Robert H. Gush ; a Levaillant's Amazon
{Chrysoiis levaillanti) from Mexico, four Lorikeets {Tricho-

glossus rubritorques) from North-west Australia, six Roofed
Terrapins (Aac-^K^a tectum) from British India, two Alligator

Terrapins {Chelydra serpentina), an American Box Tortoise

{Cistudo Carolina), 3l ScMl^iMitd Terrapin (Clemmys insculpta)

from North America, deposited ; two Buntings {Emberiza

stilphurata) from Japan, purchased ; an Altai Deer (Cervus

eustephanus), three Crested Pigeons {Ocyphaps lophotes), a

Spotted Pigeon (Columba maculosa), four Vinaceous Turtle

Doves (Turtur vinaceus), bred in the Gardens.

OUR AS TRONOMJCAL COLUMN.
Comet Borrelly Brooks, 1900 b.—Several telegrams re-

ceived from the Centralstelle at Kiel announce the appearance
of a new comet in the constellation Aries. The following

are the positions given :

—

1900 R. A. Decl. Observer,
h. m. s.

July 23d. I2h. 50-om. ... 2 43 33 ... + ii° 51' ...Borrelly.

(Marseilles Mean Time)
July 23d. i3-ooh. ... 2 43 40 ...-+-12° 30' ... Brooks.

(Geneva Mean Time)
July 24d. I2h. S7Tm. ... 2 44 26 ...-f 14° 32' 42"... Kobold.
(Strassburg Mean Time)

A later circular from Kiel furnishes an ephemeris for further

observations of the comet, prepared by Heir J. Moller from
measures of' July 24, 25 and 26.

Elements.

T = 1900 Aug. 3, 298. Berlin Mean Time.
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been thought worth while to bring the co-ordinates past the

epoch 1880.

Commencing astronomical observations in l86i with a very

small instrument, Prof. Burnham obt lined a six-inch equatorial

from Alvan Clark in 1869, with which he commenced system-

atic work on double stars in 1872. Since that time his observa-

tions have been made with instruments of varying aperture,

9'4, 12, I5"5, 16, 185, 26, 36 and 40 inches respectively.

Especially interesting is the fact th it a great proportion of the

pairs discovered have been found to be physically binary, and
that these are generally closer and more difficult to measure
compared with those in slower motion.

A special list of quadruple stars is given, and various measures
ive been obtained by the cooperation of other observers with

different instrumental equipment. The stars are arranged in order
" right ascension ; and besides the present elements, a short de-

Bription of special particulars with comparative previous mea-
ires are added to each where necessary, and several illustra-

)ns are given of the instruments used in the course of the work.

large battery and the large condenser, to photograph com-
paratively slow oscillations. I have lately succeeded in obtaining
photographs of oscillations eight hundred a second ; and experi-
ments on the permeability of iron wire with powerful discharges
with such low periods are now in progress.
That most discharges of lightning are to-and-fro, or oscillatory,

I feel sure, and I have outlined my method of proof ; but this

was hardly necessary, for the photographs of the long sparks
shovy on mere inspection the toand-fro motion, for on the line

of discharge forks can be observed pointing in opposite direc-

SOME RESULTS OBTAINED WITH A
TORAGE BA TTER VOFTWENTY THOUSAND

CELLS}
'HE remarkable development of practical employments of

electricity have put the professor of physics at a dis-

Ivantage, compared with the electrical engineer. The latter has

at his service thousands of electrical horse-power, while the

college instructor can barely obtain fifty. The engineer can
experiment with enormously strong currents and study their

effects in chemical industries, and in the production of intense

heat. Thus the study of the manifestations of electricity on a
great scale seems to be relegated to the electrical engineer.

There is one direction, however, in which the university pro-

fessor can enter into competition with the engineer and even
surpass him in resources. This direction is in the field of high
electromotive force ; and I wish to call your attention to some
results which I have obtained with a storage battery of twenty
thousand cells. For several years I have had at my command
ten thousand cells ; and the plant has proved so practical that I

resolved last autumn to double the number of cells. The battery

is now finished, and you will have an opportunity of seeing its

manifestations.

With twenty thousand cells of the Plante type I can obtain
forty two thousand volts, and by the use of Leyden jars I can
step up to three million. I cannot go higher, for the very
interesting reason that air at atmospheric pressure becomes a
fairly good conductor beyond two million volts, and it is im-
possible to charge Leyden jars to this potential, or to produce
sparks in a laboratory of greater length than seven feet. To
obtain the greatest manifesta-ions of three million volts, it would
be necessary to put the apparatus in an open field at least

thirty feet from the ground, and remote from all other objects.

Jars and circuits charged to this high voltage emit a luminous
discharge to the floor of the room and to the brick walls, and
indicate by this inductive discharge the presence of steam pipes

twenty feet distant. The air breaks down quickly under this

powerful electric stress, and, indeed, acts like a rarified gas.

Nevertheless discharges of electricity six and seven feet long
are of interest, especially to many of you who are citizens of

Boston, where Benjamin Franklin was born. These discharges

closely resemble lightning, and one can reproduce all the photo-
graphic effects obtained by students of this astounding natural

phenomenon. I have discovered the interesting fact that these

long sparks are oscillatory.

The method of proof is this : I connected the condensers
which were used in series to produce the high potential of three

million volts, in multiple with a known self-induction. The
discharge was then photographed. Here is one of the results :

The distance between these bead-like figures from centre to

centre represents one five-thousandth of a second (Fig l).

When the condensers are connected in series through the same
self-induction the discharge still remains oscillatory, but of a
much higher period ; we are sure of this fact from Lord
Kelvin's discussion of the limits of oscillatory action. You will

perceive from Fig. i that I have been able, by means of the

1 Paper read by Prof. John Trowbridge at a meeting of the American
Academy of Arts and Sciences, held in the Jefferson Physical Laboratory,
Harvard University, Cambridge, U.S.

tions, showing that the discharge changed from positive to
negative. These forks, or branching discharges, have an inter-

esting peculiarity, which was brought out in the following
manner. A sheet of plate glass about five feet square was
placed between the terminals of the high potential apparatus,
and a minute hole was bored in the middle of this plate.

This hole could be made very small by plugging the orifice

with paraffin, and making needle-holes in the paraffin. When the
spark terminals were opposite the hole, each a foot and a-half

from it, the spark sought the hole. A photograph of the spark

(Fig. 2) shows an apparent breadth of spark much greater than

the diameter of the hole ; indeed, the minute size of the latter

cannot be reproduced on the negative ; while the spark seems to

the eye to be an eighth of an inch in thickness, and actually

measure? about a millimetre in diameter on the negative. The
reason of this phenomenon, I believe, is that only a portion of

the discharge passes through the hole. This can be shown in

the following manner. The terminals were not placed oppo-

FlG. 3

site the hole, but to one side of it, about a foot from it, and
about half a foot from the glass. The discharge then jumped to

the glass (Fig. 3), and pursued a devious way to the hole.

When the hole was completely filled with paraffin the spark

still jumped to the glass, apparently piercing a hole through it ;

but this was impossible, for the thickness prevented this. The
discharge was continued evidently by an inductive action. I

next restored the orifice, and, keeping the spark terminals in the

last position referred to, I hung a large sheet of paraffined paper
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on the glass, and a photograph of the spark was taken. It was
found that an explosion occurred at each change in direction of

the spark, or at each fork in it. The two effects are shown in

Fig. 4 and Fig. 5 ; and you will see that even the sinuosities are

reproduced by a rent in the paper. In the case of a thunder-

storm, may not the peculiar rolling of the thunder be due to the

successive explosions along the path of a single discharge some
hundreds of feet apart ?

But I will not dwell longer upon the fascinating study of

lightning in a laboratory ; for I wish to call your attention to

larger fields of inquiry which the possession of this great

battery opens. One of the most promising is that of
.spectrum analysis. In connection with the bktlery I have three

hundred glass plate condensers, one-eighth of an inch thick, and
about ten by eighteen inches coated surface ; this condenser is

charged in multiple to a potential of twenty thousand volts.

The glass of the thickness of one-eighth of an inch stands this

stress ; but I can not use my full voltage of forty thousand,
for the glass plates are immediately pierced. To utilise this

voltage it will be necessary to employ plates a quarter of an
inch in thickness. This is an interesting proof of the large

Fig

surface density furnished by the battery. The noise of the dis-

charge from this condenser is like the report of a pistol.

Here is an example of its great heating effect. An iron wire
was stretched across the spark terminals. This was deflagrated

(Fig. 6), while at the same time a spark passed between the
terminals. The surrounding air was filled with the scintillating

sparks of iron. This shows that it is not impossible that sparks
may be formed inside a metallic cage or enclosure ; for we can
conceive of such an enclosure as a multiple circuit around a
spark gap.

By means of the discharge of these condensers charged to a
difference of potential of forty thousand volts, I can produce
probably the highest degree of instantaneous temperature which
has been reached. I have been obtaining instantaneous photo-
graphs of the spectra of gases and of the vapour of metals. One
discharge, with a Browning direct vision spectroscope, will give
a photograph of the spectra of hydrogen, and ten or twelve dis-

charges are sufficient when a short focus grating is employed with
a fairly fine slit. I find it desirable to use a peculiar end-on
tube for the study of hydrogen. It is of the nature of a Crobkes'
tube, one end being blown into a very thin bulb ; this tube can
be heated to a very high temperature during the process of

exhaustion to drive out the water vapour.
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I have thus submitted hydrogen to a higher temperature than
it has been possible to reach before, and the study of the spectra
promi.ses to have a bearing on stellar spectra. The advantage
of an intense source of light, and consequently of a short time
of exposure, is very great ; for a large amount of fog is thus
escaped, and faint lines come out which escape observation by
the comparatively long exposures hitherto necessary.
There is another direction in which this battery can be used,

which promises to be of importance in surgery. It furnishes a
new source of the X-rays.
The greatest need in the scientific study, and also in the

employment of the X-rays in surgery, is a steady source of them.
All the methods now in use give a light which is far from con-
stant ; the electrical impulses which produce the rays are unequal
in strength, and even when they are equal they are generally
alternating in character. This to-and-fro action tends to pro-
duce a blurring of the shadows, for fluctuating electrical impulses
sent through an X-ray tube are apt to give a shifting radiant
point.

The ideal method of producing the rays is by the employ-
ment of a large storage battery, and I have been working toward
this much-desired end during the past two years.

Traces of the X-rays can be obtained with a steady current
at a voltage of five thousand ; and they are strongly produced
at twenty thousand. When forty thousand volts are used with
a steady current, the exhibition of rays is surprising ; a fluor-

escent screen is lighted with extreme brilliancy, and marvellous
>hadows of the bones of the hand are obtained. A steady cur-

rent is undoubtedly the ideal current f<ir the production of the

Fig. 6.

X-rays ; for the radiant point of the rays does not fluctuate, and
there is no to-and-fro or oscillatory motion which tends to pro-

duce what may be called X-rays ghosts. It is well known that

these ghosts are often puzzling to the surgeon.

In my experiments I was surprised at the small amount of

current necessary with a voltage of forty thousand to produce a

strong development of the X-rays. The use of ten milliamperes

was dangerous to the tube ; the anode grew white hot, and the

Crookes' tube resembled an enclosed arc lamp. It was interest-

ing also to notice that the usual fluorescence ceased to be

noticeable ; and although the tube was of a milky white hue,

the X-rays were extraordinarily brilliant. In my first experi-

ments the fall of resistance in the tube was so rapid that the

anti-kathode was melted. In the case of all the tubes with

which I have experimented, the fall in resistance advances very

rapidly with the degree of reddening of the anti-kathode. When
this becomes red, or when a red spot appears on it, the differ-

ence of potential between the terminals of the tube does not in

general exceed twenty thousand volts.

It would seem therefore uneconomical to continue the use of

a high potential machine when this critical point is reached.

At this point, moreover, the rays seem to be given off most

vigorously, and at this stage a quantity machine giving a com-

paratively small voltage could be substituted to advantage for a

coil or other apparatus giving six to eight inch sparks. A large

storage battery makes it possible to regulate the strength of the

current which is at any moment exciting the tube. I accomplish

this at present by means of a liquid resistance, which enables me
to graduate the strength of the current to any extent. This

advantage is a very great one, and is not possessed by any other

method. It seems possible, by carefully regulating the strength
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in

of the current and the voltage, to obtain photographs of the

tendons, and possibly the muscles ; for the photographs which I

have already obtained shosv great contrasts, and there are in-

dications of muscular layers and tendons. The contrast between

the bones and the flesh is extraordinary, much greater than in the

X-ray pictures usually obtained by the Rhumkorf coil.

The investigator, by means of the liquid resistance, can keep

he lube at the same point of excitation. For the scientific

siudy of the X-rays nothing seems better adapted than this large

battery plant which I have had constructed, and it is not im-

possible that a smaller plant of the same number of cells, but

with less capacity, may be desirable for large hospitals.

The first step in an investigation of the X-rays is to obtain a

steady source of these rays : one of the essentials for the accom-

plishment of this is a steady current which can be regulated.

This, I believe, I have secured. The next step will be the

roper control of the amount of gas in the tube. At one time

believed that an oscillatory discharge was necessary for the

ongest manifestation of the rays. My experiments, however,

th a steady current have

ihown me that an oscillatory

discharge is not essential ; such

a discharge could not take place

through the large resistance

which I used—4,000,000 ohms.

Such are some of the results

which can be obtained by the

use of this large battery.

panied by Madame Weber-van Bosse, herself an accomplished

naturalist, who made a very complete collection of Algre during

the cruise, and who settled three very important points as a

result of the observations made, viz. : (i) the presence in un-

expected quantities of calcareous Algre (Lithothamnion) in the

Archipelago, so that they build up reefs of considerable dimen-
sions, in depths of 3 to 40 metres, in one case even at 120 metres.

Diflferent circumstances of level, current, &c., must co-operate

to render the occurrence of Lithothamnion in such quantities

possible : the expedition found them realised in at least thirty

different localities, and henceforth the possible contribution of

Lithothamnion-remains to the formation of the earth's crust will

in many cases have to be reconsidered by the geologists. (2)

The presence of a minute vegetal organism about which of late

years English and German naturalists have considerably differed

in opinion : the Coccosphrere. Neither the members of the

German Plankton nor those of the Valdivia expedition have
succeeded in satisfying themselves that the.se miniature spheres

with adherent discs of lime, already known in the Cretaceous
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'HE CRUISE AND
DEEP-SEA EXPLOR-
ATION OF THE
" SIBOGA " IN THE
INDIAN ARCHIPEL-
AGO.

'X'lIE annual summer meeting
'- of the Netherlands Zoologi-

cal Society, which was held in

Amsterdam on July i, was of

more than usual interest dn
account of the fact that it was
attended by all the members of

the scientific staff of the Siboga

expedition, who returned only

a few weeks before from their

one year's cruise in the different

basins of the Indian Archipelago,

during which they covered a

distance of about 12,coo sea

miles, i.e. about half the circum-

ference of the globe. The track,

as indicated on the accompany-
ing Fig. I, commenced at Soera-

baja on March 7, 1899 ; it ended
in the same port on February 27,

1900. The vessel, which is a _
cruiser belonging to the Dutch
Royal Navy, was on its first trip,

and before its departure was
specially fitted up for the work of the cruise, both with a sound-
ing apparatus of Le Blanc and of Lucas, with some 20 kilo-

metres of wire rope for dredging purposes, and with all modern
appliances for pelagic fishing, for plankton collection and for

deep-sea work (a " sondeur a clef" of the Prince of Monaco,
apparatus for obtaining sea-water from given depths according
to Petterson and Sigsbee, Hensen's nets, &c.)

It may here be mentioned that very thorough experiments were
made with Mr. G. H. Fowler's net, which is specially intended
for plankton from given depths, and which can be opened and
shut at will at any moment. About this net, which is of very
recent invention, and which has as yet only been used by
Mr. Fowler himself, and perhaps on board the Valdivia, the
members of the Siboga expedition are very enthusiastic. It is

most trustworthy in its results and fruitful in its catches.

The leader of the Siboga expedition, Prof. Max Weber of
Amsterdam, well-known by his former expeditions to. the East
Indies, to the far north and to South Africa, was accom-
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Tiack of the Siboga.

period and everywhere present on the bottom of the sea, are

organisms and not inorganic concretions or sediments. Mme.
Weber has now succeeded in demonstrating the truth of the

contrary, and has found this very lowly organised alga in preat

abundance, and entirely agrees with Mr. George Murray's

statements concerning the alga-nature of the coccospheres ; she

has even found in this alga green chromatophores, and has seen

phases of division of the spheres ; (3) the presence of shell-

and rock-perforating algas, a group hitherto neglected in the

tropics, of which she has brought home a great number.
The zoological collections of the Siboga are very extensive,

both those collected on the coral-reefs and from the very

different depths. Deep-sea animals were met with at depths of

about 150 fathoms, where they would hardly have been ex-

pected, but where their presence is explained by certain

hydrographical circumstances to be mentioned later. Pori-

feia, and among them the most diverse Hexactinellids, were

exceedingly numerous. East of the Aru Islands, gigantic
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specimens of Adeona were captured. This curious Bryozoarian,

of leaf-like shape and attached to a segmented stem, has some-

times been considered as one of the Isidince.

Of the curious solitary Alcyonarians, the Haimeidte, which up

to now are known as small specimens from the Red Sea and

from Algiers, a species of a very considerable size has been met

with. Amphianthus, an absolutely flat Aclinian, was found on

the shell of a Dentalium, and amongst the numerous Echino-

derm-finds material abounds to definitely settle the question

about the regeneration and the so-called comet forms of Linckia.

It could be demonstrated that the regeneration takes place, with-

out any part of the disc being preserved, from a bare arm-frag-

ment. On these Linckias the parasitical molluscs, Thyca and

Stylifer, were often present. Various Solenogastres were

captured, and many interesting Cephalopods. The fish collec-

tion is also very considerable, and a great many deep-sea forms

are among them, of which a specimen of Ruvettus attains to a

size of several feet.

The most beautifully transparent larval Mursenas were at the

other end of the scale, and were also exhibited at the meeting.

Both they and other pelagic organisms. Medusae, Heteropods,

&c., were most successfully preserved in formalin. On the

whole the preservation of all the specimens, for which the most
various methods were employed, is first-rate ; and Mr.

Nierstrasz, to whose supervision this had been more especially

entrusted, received due recognition of his merits on this head.

Some hundred bottles of plankton have yet to be sorted and
worked out. Dr. Versluys communicated to the meeting the

results of investigations into the amount of oxygen contained in

the sea- water at difterent points which he had made during the

cruise, and Prof. Weber called attention to certain hydro-

graphical results of primary importance obtained by the

expedition.

The gist of these is that the communication between the deep
water of the Indian and Pacific Oceans and that of the Archi-

pelagan basins is very diff"erent from what it was expected to be.

The different straits between the lesser Sunda Islands, Bali to

Flores, are none of them deep enough to allow ofany horizontal

passage of the deeper and colder strata (where the temperature

is 0-9° C.) into the Banda basin and its continuations between

Flores and Timor and between Flores and Celebes. These un-

doubtedly receive their cold bottom-water from the Pacific

Ocean by way of the deep communications indicated on the map
to the north of Buru (the so-called Ceram sea), which opens out

into the Pacific by a narrow passage (the so-called Moluccan
passage). In the deep spurs, to which the name of Bali and
Flores sea may be given, the expedition could actually demon-
strate the existence of a bottom-current which flows westward

and which brings the cold water from the Banda sea into these

recesses where the supply from the Indian Ocean through the

numerous straits is only superficial and restricted to surface-

water of a temperature of more than 12° C. The cold bottom-

current of 3° C. just alluded to, which slowly flows westward

out of the Banda sea, even rises up along the sloping coasts of

the Kangeang-Paternoster-Postillon islands (not indicated on

the map) situated north of this deep sea spur, as could be demon-
strated both by serial temperatures and even by the net, which,

as mentioned above, brought up deep-sea forms from compara-

tively shallow water, just because of this bottom current, which,

being hemmed in, flows towards the surface.

The temperature of 3° C. referred to above is the uniform

minimum temperature for the whole of the Banda basin below
the depth of 1600 m., and the theoretical conclusion that no
deeper communications than this exist with either of the Oceans
was practically verified, and also (as indicated above) that the

cold water of the greater depths comes from the Pacific and not

from the Indian Ocean.
The Banda Sea, se7isu strictiori, was further found to be

different from what was hitherto held. On charts, mention is

made of a depth of 7000 metres (4000 fathoms) in the neigh-

bourhood of Banda. This depth has been demonstrated by the

Siboga to be due to some error, the depth being nowhere below
55CK) metres, and the basin itself being most unexpectedly inter-

sected by two shallow ridges, clearly visible on the map, the

more westward of which has been named the Siboga Ridge.

Geological speculations concerning this part of the earth's crust

will undoubtedly be influenced by these results.

For the distribution of deep-sea animals, the difference of a

couple of degrees between the bottom-water of these basins

and that of the oceans will certainly not have much importance;
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and even the ridges will in the long run prevent only very
few deep-sea animals from penetrating into the basins in the
course of generations, when the difference of pressure can be
slowly neutralised. At all. events, the catches did not justify

expectations that these enclosed deep basins might harbour a
deep-sea fauna which, by its isolation from the ocean, had
developed into peculiar local deep-sea faunas particular to those
basins.

The hydrographical work of the expedition has thus been of
very considerable importance, and will soon be also noticeable
in improved navigating charts for the regions explored. Even
geographical corrections of considerable amount are amongst
the results of the cruise. The south coast of the large island

of Timor (of which the eastern half is a Portuguese, the western
a Dutch possession) will have to undergo a radical alteration,

as indicated on the accompanying sketch (Fig. 2). Thus the

Siboga expedition has not inconsiderably reduced the colonial

surface area of Portugal, having anchored in spots which, accord-
ing to the present maps, lie far inland.

The expedition can thus be complimented on having achieved
a most successful piece of work, and it is undoubtedly in the

first place due to the undaunted energy of the leader. Prof.

Weber, and to the exemplary skill of the officer in command of

the vessel, Comm. Tydeman, who for many years has already

been one of the leading hydrographers in the Archipelago, The
liberality of the Naval Department, and its active co-operation

in all that pertained to the expedition, have been especially

noticeable.

The results, both hydrographical, botanical, zoological and
geological, will, as soon as possible, be worked out by different

Fig. 2.—The coast-line of Timor. The outside southern coast-line fs

as indicated upon current maps ; the inner line shows the true
coast-line as determined by the Siboga.

specialists, and be brought together in a series of well-illustrated

quarto volumes, the number of which is roughly estimated at

about fifteen. Several specialists, both Dutch and foreign, have
already promised to co-operate, and what with Alcock's researches

in the Bay of Bengal, the Valdivias exploration of the Indian

Ocean, the Australian investigations of the Barrier Reef and the

Torres Straits, the Belgian Antarctic expedition, and Agassiz's

dredging expeditions in the Pacific, we can safely say that, by
the time this publication will have appeared, we will have ob-

tained a very thorough knowledge of an important portion of

the abyssal regions, towards the exploration of which the

Lightning, Porcupine and Challenger have set the example, and
the Blake, Albatross, Travailleur, Talisman, Gazelle, Vettor

Pisani, Willem Barents, Hirondelle and Princesse Alice have
so considerably contributed from other parts of the globe.

A. A. W. H,

EXPERIMENTATION ON EMOTION.
(~\F points where physiology and psychology touch, the place
^-^ of one lies at the phenomenon "emotion." Built upon
sense-feeling much as cognition is built upon sense-perception,

emotion may be regarded almost as a.*' feeling"—a "feeling
"

excited, not by a simple unelaborated sensation, but by a

group or train of ideas. To such compound ideas it holds

relation much as does "feeling" to certain species of simple

sense-perceptions. It has a special physiological interest in that

certain visceral reactions are peculiarly concomitant with it.

Heart, blood-vessels, respiratory muscles and secretory glands
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play special and characteristic rdles in the various emotions.

These viscera, though otherwise remote from the general play

of psychical process, are affected vividly by the emotional.

Hence many a picturesque metaphor of proverb and phrase and
name—"the heart is better than the head," anger "swells
within the breast," " Richard Cneur de Lion." It was Descartes
who first relegated the emotions to the brain. Even this century

Bichat wrote, "The brain is the seat of cognition, and is

never affected by the emotions, whose sole seat lies in the

viscera." But brain is now admittedly a factor necessary in

all higher animal forms to every mechanism whose working has
consciousness adjunct.

What is the meaning of the intimate linkage of visceral

actions to psychical states emotional ? To the ordinary day's

consciousness of the healthy individual, the life of the

viscera contributes little at all, except under emotion. The
perceptions of the normal consciousness are rather those of

outlook upon the circumambent universe than inlook into the

microcosm of the " mateiial me." Yet heightened beating of

the heart, blanching or flushing of the blood-vessels, the pallor

of fear, the blush of shame, the Rabelaisian effect of fright

upon the bowel, the action of the lacrymal gland in grief,

all these are prominent characters in the pantomime of

natural emotion. Visceral disturbance is evidently a part of

the corporeal expression of emotion. The explanation is a

particular case in that of movements of expression in general.

The hypothesis of Evolution afforded a new vantage point

for study of that question. Fixed bodily expressions of emo-
tion are hereditary. They are, especially in the "coarser or

animal emotions," largely common to man and higher animals.

The point of view is exemplified by Darwin's argument con-

cerning the contraction of the muscles round the eyes during
screaming. "Children when wanting food or suffering in any
way cry out loudly like the young of most animals, partly as a call

to their parents for aid, and partly from any great exertion

serving as relief. Prolonged screaming inevitably leads to the

engorging of the blood-vessels of the eye ; and this will have led

at first consciously and at last habitually to the contraction of the
muscles round the eyes in order to protect them." Mr. Spencer
writes :

" Fear, when strong, expresses itself in cries, in efforts

to hide or escape, in palpitations and tremblings ; and
these are just the manifestations which would accompany
an actual experience of the evil feared. The destructive

passions are shown in a general tension of the muscular system,
in gnashing of the teeth and protrusion of the claws, in dilated

eyes and nostrils, in growls : and these are weaker forms of the
actions that accompany the killing of prey." In a word, expres-
sion of emotion is instinctive action.

Movement of expression, be it facial or vocal, let it involve
the skeletal or the visceral musculature, must have an explana-
tion the same in kind as that of other instinctive movement.
To enter upon its "why" is to enter upon the "why" of
instinct. Suffice it to say here that if we follow the doctrine
of evolution we cannot admit any absolute break between
man and brute even in the matter of mental endowment.
The instinctive bodily expressions of emotion probably arose
as attitudes useful in the animal's environment for defence,
escape, seizure, embrace, &c. These as survivals have be-
come symbolic for states of mind. Hence the intelligible

nexus between the muscular attitude, the pose of feature, &c.,
and the emotional state of mind. But between action of the
viscera and the psychical state the nexus is less obviously
explicable. This latter connection adds a difficult corollary to

the general problem.
The fact of the connection is on all hands admitted, but

as to the manner of it opinion is at issue. Does (i) the
psychical part of the emotion arise and its correlate nervous
action then excite the viscera ? Or (2) does the same stimulus
which excites the mind excite concurrently and per se the
nervous centres ruling the viscera ? Or (3) does the stimulus
which is the exciting cause of the emotion act first on the
nervous centres ruling the viscera, and their action then gene-
rate visceral sensations ; and do these latter, laden with affective

quality as we know they will be, induce the emotion of the
mind ? On the first of the three hypotheses the visceral

reaction will be secondary to the psychical, on the second the
two will be collateral and concurrent, on the third the psychical
process will be secondary to the visceral.

To examine the last supposition first. It is a view which in
recent years has won notable adherents. Prof, William James
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writes :
" Our natural way of thinking about these coarser

emotions {e.g. "grief, fear, rage, love") is that the mental per-

ception of some fact excites the mental affection called the emo-
tion, and that this latter state of mind gives rise to the bodily

expression. My theory, on the contrary, is that the bodily

changesJollow directly the perception of the exciting fact, and
that ourfeeling of the same changes as they occur is the emotion.^'
'

' Every one of the bodily changes, whatsoever it be, is FELT,

acutely or obscurely, the moment it occurs. If the reader has

never paid attention to this matter, he will be both interested

and astonished to learn how many different local bodily feelings

he can detect in himself as characteristic of his various emotional

moods." "If we fancy some strong emotion and then try to

abstract from our consciousness of it all the feelings of its bodily

symptoms we find we have nothing left behind, no "mind-
stuff" out of which the emotion can be constituted, and that a

cold and neutral state of intellectual perception is all that

remains." "If I were to become corporeally anaesthetic, I

should be excluded from the life of the affections, harsh and
tender alike, and drag out an existence of merely cognitive or

intellectual form."
Prof. Lange traces the whole psycho-physiology of emotion

to certain excitations of the vasomotor centre. For him, as

f >r Prof. James, the emotion is the outcome and not the cause

or the concomitant of the organic reaction ; but for him the

foundation and corner-stone of the organic reaction is as to

physiological quality vascular, namely, vasomotor. Emotion
is an outcome of vasomotor reaction to stimuli of a particular

kind. This stimulus induces a vasomotor action in viscera

skin, and brain. The change thus induced in the circulatory

condition of these organs induces changes in the actions of tlie

organs themselves, and these latter changes evoke sensations

which constitute the essential part of emotion. It is by excita-

tion of the vasomotor centre, therefore, that the exciting cause,

whatever it chance to be, of emotion produces the organic

phenomena which as felt constitute for Lange the whole essence

of emotion. The teaching of I'rof, Sergi closely approximates

to that of Lange.
The views of James, Lange, and Sergi have common to them

this, that the psychical process of emotion is secondary to a dis-

charge of nervous impulses into the vascular and visceral organs

of the body suddenly excited by certain peculiar stimuli, and
that it depends upon the reaction of those organs. Prof. James's

position in the matter is, however, not wholly like that of Prof.

Lange. In the first place, he does not consider vasomotor re-

action to be primary to all the other organic and visceral dis-

turbances that carry in their train the psychological appanage of

emotion ; and Prof Sergi, though more nearly in harmony
with Lange, agrees with James in this. In the second place,

Prof. James seems to distinctly include other "motor" sensa-

tions and centripetal impulses from musculature other than

visceral and vascular, among those which causally contribute

to emotion. Thirdly, he urges his theory as one com-

pletely competent only for the " coarser " emotion*, among which

he instances "fear, anger, love, grief." For Lange and
Sergi the basis of apparition of all feeling and emotion is

physiological, visceral, and organic, and has seat for the former

authority exclusively, and for the latter eminently, in the

vasomotor system.

To obtain some test of this view is not difficult by experiment.

Appropriate spinal and vagal transection removes completely

and immediately the sensation of all the viscera and of all the

skin and muscles below the shoulder (see Fig. i on p. 330). The
procedure at the same time cuts from connection with the organs

of consciousness the whole of the circulatory apparatus of the

body. I have had under observation dogs in which this had

been carried out. I will cite an animal selected because of

markedly emotional temperament. Affectionate toward the

laboratory attendants, one of whom bad her in charge, to-

ward some persons and toward several inmates of the animal

house she frequently showed violent anger. Her ebullitions of

rage were sudden. Their expression accorded with a description

furni.shed by Darwin. Besides the utterance of the growl, " the

ears are pressed closely backwards, and the upper lip is re-

tracted out of the way of the teeth, especially of the canines."

The mouth was slightly opened and lifted ; the eyelids widely

parted ; the pupils dilated. The hair along the mid-dorsum,

from close behind the head to a point more than half way
down the trunk, became rough and bristling.

The reduction of the field of sensation in this animal by the
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procedure above-mentioned produced no obvious diminution or

change of her emotional character. Heranger, her joy, her disgust,

and when provocation arose her fear remained as evident as ever.

Her joy at the approach or notice of the attendant, her rage at

the intrusion of a cat with which she was unfriendly, remained
as active and thorough. But among the signs expressive of rage
the bristUng of the coat along the back no longer occurred. On
he other hand, the eyes were well opened, and the pupil dis-

tinctly dilated in the paroxysm of anger. Since the brain had
been by the transection shut out from discharging impulses via
the cervical sympathetic the dilatation of pupil must have
occurred by inhibition of the action of the oculomotor centre.

The coming of a visitor whose advent months before had
elicited violent anger, again provoked an exhibition ofwrath sig-

nificant as ever. The expression was that of aggressive rage.

The animal followed each movement of the stranger as though
of an opponent, growling viciously. A cat with which she was
never friendly, and a monkey new to the laboratory, ap-
proaching too near the kennel, excited similar ebullitions.

No doubt was left in our minds that sudden attacks of violent
anger were still easily excited. But she also gave evidence
daily that she had the accession of joyous pleasure and delight
she had always shown at the approach of the attendant the
first thing of a morning, or at feeding time, or when caressed
by him, or encouraged by his voice.

Few dogs even when very hungry can be prevailed on to

touch dog's-flesh as food. Almost all turn from it with signs
of repugnance and dislike. I had strictly refrained from testing

f .^

Fig. I.—Diagram showing the great reduction of the field of sentivity.

The head and neck and the diaphragm muscle (indicated by the curved
line behind the chest) are practically the only parts left sensitive. The
remainder of the body and the limbs, as well as the digestive and
respiratory organs behind the throat, and the whole of the circulatory
and other organs, are entirely cut off from making any contribution to
consciousness.

this animal previously with regard to disgust at dog's-flesh

offered in her food. Flesh was given her daily in a bowl of

milk, and this she took with relish. The meat was cut into

pieces rather larger than the lumps of sugar usual for the

breakfast table. It was generally horse-flesh, sometimes ox-
flesh. We proceeded to the observation thus : the bowl
was placed by the attendant in the corner of the stall,

with milk and meat in every way as usual ; but the meat
was flesh from a dog killed on the previous day. Our
animal eagerly drew itself toward the food ; it had seen
the other dogs fed, and evidently itself was hungry. Its

muzzle had almost dipped into the milk before it suddenly
seemed to find something there amiss. It hesitated, moved its

muzzle about above the milk, made a venture to take a
piece of the meat, but before actually seizing it stopped
short and withdrew again from it. Finally, after some further

examination of the contents of the bowl (it usually com-
menced by taking out and eating the pieces of meat), without
touching them, the creature turned away from the bowl and
withdrew itself to the opposite side of the cage. Some minutes
later, in result of encouragement from us to try the food again,

it returned to the bowl. The same hesitant display of conflict-

ing desire and disgust was once more gone through. The bowl
was then removed by the attendant, emptied, washed, and horse-

flesh similarly prepared and placed in a fresh quantity of milk
was offered in it to the animal. The animal once more drew
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itself toward the bowl, and this time began to eat the meat,
soon emptying the dish. To press the flesh upon our animal
was of no real avail on any occasion ; the coaxing only succeeded
in getting her to, as it were, re-examine but not to touch the
morsels. The impression made on all of us by the dog's be-
haviour was that something in the dog's-flesh was repulsive to
her, and excited disgust unconquerable by ordinary hunger.
Some odour attaching to the flesh seemed the source of its

recognition.

Fear appeared clearly elicitable. The attendant, approaching
from another room of which the door was open, chid the dog
in high scolding tones. The creature's head sank, her gaze
turned away from her advancing master, and her face seemed to
betray dejection and anxiety. The respiration became unquiet,
but the pulse nev^r changed its rate.

In the face of these observations the vasomotor theory of the
production of emotion becomes, I think, untenable : also that
visceral sensations or presentations are necessary to emotion,
A mere remnant of all the non-projecting or affective senses
was left, and yet emotion persisted. If I understand it aright.
Prof James and Lange's theory lays stress on organic and
visceral presentations, but re-presentations of the same species
might no doubt be put forward in their place. That would be
a somewhat different matter. To exclude the latter hypothesis,
the deprivation of vascular and organic sensation might have
to date from a very early period of the individual life. Expe-
rience early acquires its emotional data. If after that all fresh

presentation were precluded, re-presentation might still be
possible on the basis of already gained experience. But it is

noteworthy that one of the dogs under observation had been
deprived of its sensation when only nine weeks old. Disgust
for dog's flesh could hardly have genesis in the experience of
nine weeks of puppy life in the kennel of the laboratory.

Organic and vascular reaction, though not the actual excitant
of emotion, does nevertheless much strengthen it. That is part
of the kernel of the old contention about the strength of emotion
in the art of the artist. Hamlet's description of the actor, as
really moved by his expression, may be accepted as an answer.

But, returning to the main question, we are forced back toward
the likelihood that the visceral expression of emotion is secondary
to the psychical state, or rather to the cerebral nervous action
correlate with that. There is plenty of evidence of the strong
nexus between emotion and muscular action. As we commonly
phrase it, " emotion moves us," hence the word itself. Emotion
if developed in intensity, impels toward vigorous movement.
Every vigorous movement of the body, though its more obvious
instrument be the skeletal musculature of the limbs and
trunk, involves also the less noticeable co-operation of the
viscera, especially of the circulatory and respiratory. The de-

mand made upon the muscles that move the frame for further

expenditure of power involves a heightened action of the

nutrient organs which supply to the muscles »their material for

energy. This increased action of the viscera is therefore colli-

gate with this activity of muscles. We should therefore expect
visceral action to occur along with the muscular expression of

emotion. The close tie between visceral action and states of

emotion need not therefore surprise us.

That emotion is primarily a cerebral process obtains support
from observations where the hemispheres of the brain have
been removed. Prof. Goltz observed a dog kept many months
in that condition. It on no occasion gave any evidence of

joy or pleasure in commerce either with man or beast. Anger
or displeasure, Goltz says, it repeatedly expressed, both by
gesture and by voice. Of sexual emotion it never gave a sign.

Save for expression of displeasure when too roughly handled,

it was indifferent and supremely neutral to its surroundings.

We are, of course, in observations whose basis is such experiment
as this, hopelessly cut off from introspective help. It can be

urged that the expression of emotion might be provocable, and
nevertheless the psychical emotion remain absent. On such an
hypothesis the same stimulus which excites the mind must excite

concurrently and per se excite motor centres producing move-
ment appropriate to an affective process in the mind. This

is not improbable. All sensations referred to the body
itself rather than interpreted as qualities of objects in the ex-

ternal world, tend to be tinged with " feeling." Sense organs

which initiate sensations tinged with feeling tend to excite

motor centres directly and imperatively. Hence, in animals re-

duced to merely spinal condition, stimuli calculated to produce

pain normally (of course, unable ^to do so in a spinal animal
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incapable of consciousness), evoke movements appropriate for

escape from or removal of the stimulus applied. Now " feel-

ing " is implicit in the emotional state ; the state is an " affective

state." In the evolution of emotion the revival of "feelings"
pleasurable and painful must have played a large part. Hence
the close relation of emotion with sense organs that can initiate

bodily pain or pleasure, and hence its connection with impulsive
or instinctive movement. There is no wide interval between
the reflex movement of the spinal dog, whose foot attempts to

scratch away an irritant applied to its back—both leg and back
absolutely detached from consciousness—and the reaction of the
decerebrate dog that turns and growls and bites at the fingers

holding his hind foot too roughly. In the ormer case the
motor reaction occurs, although the mind is not even aware of
the stimulus, far less percipient of it as an irritant. The action
occurs, and plays the pantomime of feeling ; but no feeling comes
to pass. In the latter case the motor reaction occurs, and is ex-

pressive of emotion ; but it is probably the reaction of an organic
machine, which can be started working, though the mutilation
precludes the psychosis of emotion.
And with the gesture and the attitude will occur the visceral

concomitant. It would be consonant with what we know of reflex

action if the spur that started the muscular expression should
simultaneously and of itself initiate, also, the visceral adjunct
reaction. It is almost impossible to believe that with the mere
stump of brain that remained to Goltz's dog there could be any
elaboration of a percept. All trace of memory was lacking to

the creature. Yet though not evincing other emotion, anger it

showed as far as expression can yield revelation. Fear, joy,

affection seem, therefore, in the observation of this skilled

observer of animal mind, to demand higher nervous organ-
isation than does anger. Be that as it may, the retention
of its expression by Goltz's dog indicates that by " retro-

gradation " the complex movement of expression has in

certain emotions passed into a simple reflex act. When the
habituating practice of acts is carried far the determining
motives finally become, even in impulsive acts, weaker and more
transient. The external stimulus originally aroused a strongly
affective group of ideas, which operated as a motive, but now it

causes a discharge of the act before it can be apprehended as an
idea. The impulsive movement of a "lower," " coarser," so-

called " animal " emotion, has in this case become an automatic
reflex process no longer necessarily combined with the psychical
state whence it arose, of which it is normally at once the
adjunct and the symbol. C. S. Sherrington.

THE CENTENARY OF THE ROYAL COLLEGE
OF SURGEONS.

jyi
R. VICTOR PLARR'S article, in last week's Nature, on

the celebration of the centenary of the Royal College of
Surgeons of England contained a brief statement of the cere-

monies which were to commence on the day we went to press.

The proceedings were opened on Wednesday morning, July 25,
when demonstrations were given in the Hunterian Museum of
the College by the conservator. Prof. C. Stewart, F.R.S.,who
conducted visitors round the galleries, pointing out and describ-
ing some of the more important and interesting specimens. At
the same time, in the theatre of the Examination Hall, Dr.
T. G. Brodie, director of the laboratories of the Conjoint
Board, gave an account of some of the work recently carried
out in the research laboratories. In the evening a conversazione
was held at the College, and was attended by many distinguished
guests. Demonstrations were again given by Prof. Stewart and
Dr. Brodie on Thursday morning ; and in the afternoon. Sir
William MacCormack, the president, delivered an address of
welcome, and presented the diploma of Honorary Fellow to
the Marquis of Salisbury and the Earl of Rosebery. As already
stated (p. 294), the Prince of Wales received the diploma on
July 24 ; and the form of the Royal diploma is the same as
that employed for all the Honorary Fellowships.
The following is the list of other Honorary Fellows to whom

diplomas were presented on Thursday :—E. Albert, professor of
clinical surgery, University of Vienna ; C. B. Ball, Regius pro-
fessor of surgery. University of Dublin ; E. Bassini, professor of
clinical surgery. Royal University of Padua ; E. H. Bennett, pro-
fessor of surgery, Trinity College, Dublin ; J. W. Berg, professor
of surgery. Royal Caroline Institute of Medicine and Surgery,
Stockholm ; Prof, von Bergmann, Berlin ; O. Bloch, professor
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of surgery. University of Copenhagen ; E, Bottini, professor of
clinical surgery, Royal University of Pavia ; I. II. Cameron,
professor of clinical surgery. University of Toronto ; Dr.
Salvador Cardenal Fernandez, vice-president. Royal Academy ot

Medicine and Surgery, Barcelona ; Antonino D'Antona, pro-

fessor of surgery. Royal University of Naples ; Francesco
Durante, professor of clinical surgery, Royal University of

Rome ; Prof. Dr. Friedrich von Esmarch, Kiel ; W. S.

Halsted, professor of surgery, Johns Hopkins University, Balti-

more ; Hon. Sir W. H. Hingston, professor of clinical surgery.

University of Laval; Surgeon-General James Jameson, C.B.,
Director-General, Army Medical Service ; W, W. Keen, professor

of the principles of surgery and of clinical surgery, Jefferson

Medical College, Philadelphia; Theodor Kocher, professor of
surgery. University of Bern ; Prof. Dr. Franz Kcinig, Berlin ;

Prof. Kosinskij, professor ofsurgery in the University of Warsaw ;

Prof. Dr. E. G. F. Kiister, Marburg ; Elie Lambotte, Brussels
;

Odilon Marc Lannelongue, professor of surgical pathology,
Faculty of Medicine of Paris ; Karl Gustaf Lennander, pro-

fessor of surgery and obstetrics. University of Upsala ; W.
Macewen, F.R.S., Regius professor of surgery. University of
Glasgow ; Colonel Kenneth MacLeod, professor of clinical and
military medicine, Army Medical School, Netley ; Julius
Nicolaysen, professor of surgery, Royal University of Chris-
tiania ; Sir Henry Frederick Norbury, K.C.B., Director-General,
Medical Department of the Royal Navy ; Leopold Oilier, pro-
fessor of clinical surgery. University of Lyons; Victor Pachou-
tine, president. Imperial Military Academy of Medicine, St.

Petersburg ; Samuel Pozzi, professor in the Faculty of Medicine
of Paris; Colonel D. C. O'Connell Raye, Indian Medical
Service ; T. G. Roddick, professor of surgery, McGill Univer-
sity, Montreal ; Federico Rubio y Gali, member of the Royal
Academy of Medicine of Madrid ; Nicolas Wassilievitch
Sklifossovsky, director and Emeritus professor, Imperial
Clinical Institute of the Grand Duchess Helena Pavlovna,
St. Petersburg ; Paul Tillaux, professor of clinical surgery,

Faculty of Medicine of Paris ; Nicolas Veliam.inoff, professor
of surgery. Imperial Military Academy of Medicine, St. Peters-

burg
; John Collins Warren, professor of surgery, Harvard

University ; Robert Fulton Weir, professor of clinical surgery,
Columbia University, New York. After the presentation brief

addresses of thanks were delivered by Prof. v. Bergmann of
Berlin, Prof Durante of Rome, Dr. W. W. Keen of Phila-

delphia, Prof. Lannelongue, and Dr. T. G. Roddick of
Montreal.

FACTS OF INHERITANCE}
/^NE of the distinctive features of the nineteenth century has
^-^ been a reduction in the number of supposed separate

powers or entities—the use of William of Occam's razor, in fact.

In view of this progress towards greater precision of phrase-
ology, it cannot be a matter for surprise that a biologist should
affirm that to speak of the " Principle of Heredity " in organisms
is like speaking of the "Principle of Horologity" in clocks.

For heredity is certainly no power or force, or principle, but a
convenient term for the relation of organic or genetic continuity

which binds generation to generation.

Another distinctive feature in scientific progress has been the

introduction of precise measurement. In the development of

natural knowledge, science begins where measurement begins.

This is the case in regard to inheritance. While nothing can
take the place of experiment, much has been gained by the

application of statistical and mathematical methods to biological

results—a new contact between different disciplines—which we
may particularly associate with the names of Mr. Francis Galton
and Mr. Karl Pearson.

I. The Physical Basis of Inheritance.

What was for so long quite hidden from inquiring minds, or

but dimly discerned by a few, is now one of the most marvellous
of biological commonplaces—that the individual life of the great

majority of plants and animals begins in the union of two minute
elements—the sperm-cell and the egg-cell. If inheritance in-

cludes all that the living creature is or has to start with in virtue

of its genetic relation to its parents and ancestors, then it is

1 Abridged from a discourse delivered at the Royal Institution on Friday
March 30, by Prof. J. Arthur Thonison, F.R.S.
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plain that the physical basis of inheritance is in the fertilised

ovum. As regards property, there is an obvious distinction

between the inheritance and the person who inherits, but there

is no such distinction in biology. The fertilised egg-cell is the

inheritance, and is at the same time the potential inheritor.

An organic inheritance means so much, even when we use the

magic word potentiality, that we may consider for a moment the

difficulty which rises in the minds of many when they remember
that the egg-cell is often microscopic, and the sperm-cell often only

l/ioo,oooth of the ovum's size. Can there be room, so to speak,

in these minute elements for the complexity of organisation .sup-

posed to be requisite? The difficulty will be increased if the

current opinion be accepted that only the nuclei within the

germ-cells are the true bearers of the hereditary qualities.

In reference to this difficulty, it may be recalled that the stu-

dents of physics tell us that the image of a Great Eastern filled

with framework as intricate as that of the daintiest watches does

not exaggerate the possibilities of molecular complexity in a

spermatozoon, whose actual size may be less than the smallest

dot on the watch's face. Secondly, as we learn from embryology
that one step conditions the next and that one structure grows
out of another, we are not forced to stock the microscopic germ-
cells with more than initiatives. Thirdly, we must remember
that the development implies an interaction between the grow-
ing organism and a complex environment without which the

inheritance would remain unexpressed, and that the full-grown

organism includes much that was not inherited at all, but has

been acquired as the result of nurture or external influence.

The central problem of heredity is to form some conception

of what we have called the relation of genetic continuity

between successive generations ; the central problem of inherit-

ance is to measure the resemblances and differences in the

hereditary characters of successive generations, and to arrive, if

possible, at some formula which will sum up the facts. There-
fore, while it is interesting to ask how an organisation supposed
to be very complex may be imagined to find physical basis in

a microscopic germ-cell, the same sort of question may be raised

in regard to a ganglion-cell. It is not distinctively a problem
of heredity. Similarly, while it is interesting to inquire into the

orderly and correlated succession of events by which the fer-

tilised egg-cell gives rise to an embryo, this is the unsolved

problem of physiological embryology.
In the preformationist theories, which asserted the pre-

existence ot the organism and all its parts, in miniature, within

the germ— there was a kernel ot truth well concealed within a

thick husk of error. For we may still say that the future or-

ganism is implicit in the germ, and that the germ contains not

only the rudiment of the adult organism, but the potentiality of

successive generations as well. But what baffled the earlier in-

vestigators was the question how the germ-cell comes to have
this ready-made organisation, this marvellous potentiality.

An attempt to solve this difficulty of accounting for the com-
plex organisation presumed to exist in the germ-cell is expressed

in a theory which occurred at intervals in the long period be-

tween Democritus and Darwin, the theory of pangenesis. On
this theory, the cells of the body are supposed to give off

characteristic and representative gemmules ; these are supposed
to find their way to the reproductive elements, which thus come
to contain concentrated samples of the different components of

the body, and are, therefore, able to develop into an offspring

like the parent. The theory involves many hypotheses, and is

avowedly unverifiable in direct sense-experience, but it is more to

the point to notice that there is another theory of heredity which
is, on the whole, simpler, which seems, on the whole, to fit the

facts better, especially the fact that our experience does not

warrant the conclusion that the modifications or acquired

characters of the body of the parent affect in any specific and
representative way the inheritance of the offspring.

As is well known, the view which most biologists now take of

the uniqueness of the germ-cells is expressed in the phrase
" germinal continuity." There is a sense, as Mr. Galton says,

in which the child is as old as the parent, for when the parent's

body is developing from the fertilised 'Ovum, a residue of un-

altered germinal material is kept apart to form the future repro-

ductive cells, one of which may become the starting-point of a
child. In many cases, from worms to fishes, the beginning of

the lineage of germ-cells is demonstrable in very early stages

before the differentiation of the body-cells has more than begun.
In the development of the threadworm of the horse, according

to Boveri, the very first cleavage divides the fertilised ovum into
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two cells, one of which is the ancestor of all the body-cells, and
the other the ancestor of all the germ-cells. In other cases,
particularly among plants, t\ie segregation of germ-cells is not
demonstrable until a relatively late stage. Weismann, generalis-
ing from cases where it seems to be visibly demonstrable, main-
tains that in all cases the germinal material which starts an
offspring owes its virtue to being materially continuous with the
germinal material from which the parent or parents arose. But
it is not on a continuous lineage of recognisable germ-^r^/A that

Weismann insists, for this is often unrecognisable, but on the
continuity of the getm-plasin—that is, of a specific substance of
definite chemical and molecular structure which is the bearer ot

the hereditary qualities. In development, a part of the germ-
plasm, "contained in the parent egg-cell is not used up in the
construction ot the body of the offspring, but is reserved un-
changed for the formation of the germ-cells of the following
generation." Thus the parent is rather the trustee of the germ-
plasm than the producer of the child. In anew sense, the child

is a chip of the old block. The conception of a germ -plasm is

hypothetical, just as the conception of a specific living stuff or

protoplasm is hypothetical. In the complex microcosm of the
cell, we cannot point to any one stuff and say, " this is proto-

plasm "
; it may well be that vital activity depends upon several

complex stuffs which, like the members of a carefully constituted

firm, are characteristically powerful only in their inter-relations.

In the same way, we cannot demonstrate the germ-plasm, even
if we may assume that it has its physical basis in the stainable

nuclear bodies or chromosomes. The theory has to be judged,
like all conceptual formulae, by its adequacy in fitting facts.

II. Dual Nature of Inheritance.

Apart from exceptional cases, the inheritance of a multi-

cellular animal or plant is dual, part of it comes from the mother
and part of it from the father.

Prof. E. B. Wilson states the general opinion of experts some-
what as follows :—As the ovum is much the larger, it is believed

to furnish the initial capital— including it may be a legacy of

food-yolk—^for the early development of the embryo. From both

parents alike comes the inherited organisation which has its seat

(according to many) in the readily stainable (chromatin) rods of

the nuclei. From the father comes a little body (the centro-

some) which organises the machinery of division by which the

egg splits up, and distributes the dual inheritance equally between
the daughter-cells.

Recent researcties confirm a prophecy which Huxley made in

1878 :
" It is conceivable, and indeed probable, that every part

of the adult contains molecules derived both from the male and
from the female parent ; and that, regarded as a mass of molecules,

the entire organism may be compared to a web of which the

warp is derived from the female and the woof from the male."

"What has since been gained," Prof. Wilson says, "is the

knowledge that this web is to be sought in the chromatic sub-

stance of the nuclei, and that the centrosome is the weaver at

the loom."
In regard to these conclusions, three notes are necessary, (a)

Although inheritance is dual, it is in quite as real a sense multi-

ple, from ancestors through parents, (b) If Loeb is able to in-

duce artificial parthenogenesis in sea-urchins' eggs exposed for a

couple of hours to sea-water to which some magnesium chloride

has been added ; if Delage is able to fertilise and to rear normal

larvae from non-nucleated ovum-fragments of sea-urchin, worm
and mollusc, we should be chary of committing ourselves defi-

nitely to the conclusion that the nuclei are the exclusive bearers

of the hereditary qualities, or that both must be present in all

cases. Furthermore, the fact that an ovum without any sperm-

nucleus, or an ovum-fragment without any but a sperm-nucleus,

can develop into a normal larva points to the conclusion, pro-

bable also on other grounds, that each germ-cell, whether ovum
or spermatozoon, bears a complete equipment of hereditary

qualities. [c) It must be carefully observed that our second

fact does not imply that the dual nature of inheritance must

be patent in the full-grown offspring, for hereditary resemb-

lance is often strangely unilateral, the characters of one parent

being "prepotent," as we say, over those of another.

III. Different Degrees of Hereditary Resemblance.

One step of progress during the Darwinian era has been the

recognition of inheritance as a fact of life which requires no

further proof.

Yet this aspect of the study of heredity is by no means worked
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lit. Thus there are some characters, e.g. tendency to certain

liseased conditions, which are more frequently transmitted than

others, and we ought to have, in each case, precise statistics as

to the probabilities of transmission.

Again, there are some subtle qualities whose heritability must
not be assumed without evidence. Thus it is of very great im-

portance to students of organic evolution that Prof. Karl Pearson

has recently supplied, for certain cases, definite proof of the in-

heritance of fecundity, fertility and longevity.

The familiar saying, " like begets like," should rather read,
" like tends to beget like," since variation is quite as import-

ant a fact as complete hereditary resemblance. If it seems
that in many cases the offspring is practically a facsimile repro-

duction of the parent, this may be due to absence of variation,

or, what comes almost to the same thing, to great complete-

ness of inheritance ; but it is more likely to be due to our
ignorance, to our inability to detect the idiosyncrasies.

But it will be granted that the completeness with which the

characters of race, genus, species and stock are reproduced
generation after generation is one of the large facts of inherit-

ance. But th's does not sum up our experience, and we must
face the task of considering the different degrees of hereditary

resemblance. For these a confused classification and a trouble-

some terminology has been suggested, but it will be enough to

restrict attention to three familiar cases—blended, exclusive

and particulate inheritance.

A preliminary consideration must be attended to. It is a

matter of observation that there are great differences in the de-

gree in which offspring resemble their parents ; but it is surely a

matter of conjecture that lack of resemblance is necessarily due
to incompleteness in the inheritance. Indeed, the fact that the

resemblance so often reappears in the third generation makes it

probable that the incompleteness is not in the inheritance, but

simply in its expression. The characters which seem to be
absent, to " skip a generation," as we say, are probably part of

the inheritance, as usual. But they remain latent, neutralised,

silenced (we can only use metaphors) by other characters, or else

unexpressed because of the absence of the appropriate stimulus,

(a) In blended inheritance, the characters of the two parents,

e.g. in regard to a particular structure, such as the colour of the
hair, may be intimately combined in the offspring. This is par-

ticularly well seen in some hybrids, where the offspring often

seems like the mean of the two parents ; it is probably the most
frequent mode of inheritance.

(b) In exclusive inheritance, the expression of maternal or of
paternal characters in relation to a given structure, such as eye-
colour, is suppressed. Sometimes the unilateral resemblance is

very pronounced, and we say that the boy is *' the very image
of his father," or the daughter "her mother over again";
though even more frequently the resemblance seems " crossed,"
the son taking after the mother, and the daughter after the
father.

(f) It is convenient to have a third category for cases where
there is neither blending nor exclusiveness, but where in the ex-
pression of a given character, part is wholly paternal and part
wholly maternal. This is calkd particulate inheritance. Thus,
an English sheep-dog may have a paternal eye on one side, and
a maternal eye on the other. Suppose the parents of a foal to

be markedly light and dark in colour ; if the foal is light brown
the inheritance in that respect is blended, if light or dark it is

exclusive, if piebald it is particulate. In the last case there is

in the same character an exclusive inheritance from both parents.

The facts above referred to may be considered in another
aspect, in terms of what is called the quality of prepotency. In
the development of a character the paternal or the maternal
qualities may predominate, as in unequal blending where there
is relative prepotency, or in exclusive inheritance where the
prepotency in respect to a given character is absolute. It seems
doubtful whether we gain much by using the word, since all

these general terms are apt to form the dust particles of intel-

lectual fog ; but we have to do with the fact that in respect to
certain characters the paternal inheritance seems more potent
than the maternal, or vice versa.

It seems that one of the ways in which the quality of pre-
potency may be developed is by inbreeding, as Prof. Ewart and
others have maintained.

Therefore, as inbreeding may be frequent in nature, especially
in gregarious and isolated groups, and as it tends to develop
prepotency, we are able to understand better how new vari-

ations may have been fixed in the course of evolution. And we
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can appreciate the position maintained by Reibmayr, that the

evolution of a human race implies alternating periods of

dominant inbreeding, and dominant cross-breeding. The in-

breeding gives fixity to character, the cross-breeding averts

degeneracy and stimulates new variations which form the raw
material of progress.

Until we have more precise statistical data in regard to

blended, exclusive and particulate inheritance, we cannot hope
to simplify the matter with any security. But perhaps a unified

view will be found in the theoretical conception of a germinal
struggle in the arcana of the fertilised ovum, a struggle in which
the maternal and paternal contributions may blend and har-

monise, or may neutralise one another, or in which one may
conquer the other, or in which both may persist without com-
bining. We have extended the wide conception of the struggle

for existence in many directions ; it may be between organisms

akin or not akin, between plants and animals, between
organisms and their inanimate environment, between the sexes,

between the different parts of the body, between the ova, be-

tween the spermatozoa, between the ova and the spermatozoa,

and Weismann has suggested that it may also be between the

constituents of the germ-plasm.

IV. Regres-SION.

We have already referred to the fact that there is a sensible
stability of type from generation to generation. " The large,"

Mr. (ialton says, " do not always beget the large, nor the small J

the small ; but yet the observed proportion between the large

and the small, in each degree of size and in every quality,

hardly varies from one generation to another." In other words,
there is a tendency to keep up a specific average. This may be
partly due to the action of natural elimination, weeding out
abnormalities, often before they are born. But it is to be
primarily accounted for by what Mr. Galton calls the fact of
" filial regression."

As Mr. Galton puts it, society moves as a vast fraternity.

The .sustaining of the specific average is certainly not due ta
each individual leaving his like behind him, for we all know
that this is not the ca.se. It is due to a regression which tends
to bring the offspring of extraordinary parents nearer the aver-
age of the stock. In other words, children tend to differ less

from mediocrity than their parents.

This big average fact is to be accounted in terms of that
genetic continuity which makes an inheritance not dual, but
multiple. " A man," says Mr. Pearson, " is not only the pro-
duct of his father, but of all his past ancestry, and unless very
careful selection has taken place, the mean of that ancestry is

probably not far from that of the general population. In the
tenth generation a man has [theoretically] 1024 tenth great-
grandparents. He is eventually the product of a population of
this size, and their mean can hardly differ from that of the
general population."

At this point one should discuss reversion or atavism, but it is.

exceedingly difficult to get a firm basis of fact. The terna

reversion includes cases where through inheritance there re-

appears in an individual some character which was not expressed
in his parents, but which did occur in an ancestor. The char-
acter whose reappearance is called a reversion may be found
within the verifiable family, within the breed, within the species, .

or even in a presumed ancestral species.

'

The best illustrations of reversion are furnished by hybrids.

Thus in one of Prof. Cossar Ewart's experiments a pure white
fantail cock pigeon, of old-established breed, which in colour
had proved itself prepotent over a blue pouter, was mated with
a cross previously made between an owl and an archangel,,
which was far more of an owl than an archangel. The
result was a couple of fantail-owl-archangel crosses, one re-

sembling the Shetland rock-pigeon, and the other the blue rock
of India.

But great carefulness is necessary in arguing from the results

of hybridisation to those of ordinary mating, and even if some
of the phenomena of exclusive inheritance seem to show reversion

iProf. Karl Pearson defines a reversion as " the full reappearance in an
individual of a character which is recorded to have occurred in a definite
ancestor of the same race," and atavism as " a return of an individual to
a character not typical of the race at all, but found in allied races supposed
to be related to the evolutionary ancestry of th« given race." " In reversion
we are considering a variation, normal or abnormal, from the standpoint of
htredity in the individual ; in atavism we are considering an abnormal
variation from the standpoint of the ances-ry of the race." But the two
words seem to be used by some authors in the converse way, or as equiva*
lent, and it is surely difficult to define the field of abnormal variation.



334 NATURE [August 2, 1900

to a near ancestor we need a broader basis of fact than we have

at present before we can formulate any law. The recorded

cases show that many phenomena are labelled reversions on the

flimsiest evidence. Thus the occurrence of a Cyclopean human
monster with a median eye has been called a reversion to the

sea-squirt, and gout has been called a reversion to the reptilian

condition of liver and kidneys. Often there is not the slightest

attempt to discriminate between true reversion {i.e. the re-

expression of latent ancestral characters) and the phenomena of

arrested development, or of abnormalities which have been
induced from without. Often, too, there has been no scruple in

naming or inventing the ancestor to whom the reversion is

supposed to occur, although evidence of the pedigree is awanting ;

and the vicious circle is not unknown of arguing to the supposed
ancestor from the supposed reversion, and then justifying the

term reversion from its resemblance to the supposed ancestor.

Little allowance has been made for coincidence, and the postulate

of characters remaining latent for millions of years is made as

glibly as if it were just as conceivable as a throw-back to a
great-grandfather.

There seems no way out of the theory that characters may lie

latent for a generation or for generations, or in other words that

certain potentialities or initiatives which form part of the
heritage may remain unexpressed for lack of the appropriate
liberating stimulus, or for other reasons, or may have their

normal expression disguised. But it does not follow that the
reappearance of an ancestral character not seen in the parents is

necessarily due to the reassertion of latent elements in the
inheritance. It may be a case of ordinary regression ; it may be
a case of arrested development ; it may be an extreme variation

whose resemblance to an ancestral characteristic is a coincidence ;

it may be an individually acquired modification, reproduced
apart from inheritance, by a recurrence of suitable external condi-
tions, and so on. What are called reversions are probably in

many cases misinterpretations.

V. Galton's Law.

The most important general conclusion which has yet been
reached in regard to inheritance is formulated in Galton's Law.
Mr. Gallon was led to it by his studies on the inheritance of
human qualities, and more particularly by a series of studies on
Basset hounds. It is one of those general conclusions which
have been reached statistically, and I must refer for the evidence
and also for its strictest formulation to the revised edition of Mr.
Pearson's " Grammar of Science." ^

As we have seen, it is useful to speak of a heritage as dual,
half derived from the father and half from the mother. But the
heritable material handed on from each parent was also dual,
being derived from the grandparents. And so on, backwards.
We thus reach the idea that a heritage is not merely dual, but
in a deeper sense multiple.

To appreciate the possible complexity of our mosaic inheri-
tance we must recall the number of our ancestors. We have
two parents, four grandparents, eight great-grandparents, about
sixteen great-great-grandparents, and so on. But as we go back-
wards the theoretical number far exceeds the reality ; a reduc-
tion in the number of ancestors is brought about by inter-mar-
riage, as this table (from Lorenz) in reference to Kaiser Wilhelm
II. clearly shows.

Generations. I. II. III. IV. V. VI. VII. VIII. IX. X. XI XII
(i) Theoreticall o ^ ^ „

Number. / ^ 4 ° i6 32 64 128 256 512 1024 2048 4096

(2) Actual \

number
known. )

(3) Inadequate-)
ly known. /

(4) Probable \
total. /

24 44 74 162 225 27s

256 342 533

According to Galton's Law, " the two parents between them
contribute on the average one-half of each inherited faculty, each
of them contributing one-quarter of it. The four grandparents
contribute between them one-quarter, or each of them one-
sixteenth

; and so on, the sum of the series, ^ + i + i -I- yV + &c.

,

being equal to i, as it should be. It is a property of this infinite
series that each term is equal to the sum of all those that follow •

thus i=K J + iV -t- &c. ; i = 1 + ^V + &c., and so on. The pre-
potencies or subpotencies of particular ancestors, in any given
pedigree, are eliminated by a law that deals only with average

1 Reference should, however, be made to Mr. Pearson's recent paper
froe. Aoy. :>oc., Ixvi. 1900, pp. 140-164) on the law of reversion.
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contributions, and the varying prepotencies of sex in respect to
different qualities are also presumably eliminated."
The aim of this lectiire has been to present in brief compass a

statement of the leading facts of inheritance, which should be
clear in the minds of all. Nothing has been said in regard to
the transmissibility of acquired characters, for this cannot be
ranked at present as an established fact, and some other doubtful
points have been left unmentioned. The study of inheritance
leaves a fatalistic—almost paralysing—impression on many
minds, especially perhaps if it be believed that the acquired
results of experience and education—of "nurture," in short,

cannot be entailed upon the offspring. To some extent this

fatalistic impression is justified, but it is well that it should rest

upon a sound basis of fact and not on exaggerations. In a sense
we can never get away from our inheritance. As Heine said

half bitterly, half laughingly, "A man should be very careful

in the selection of his parents." On the other hand, although
the human organism changes slowly in its heritable organisation,

it is very modifiable individually, and " nature " can be bettered
by " nurture." If there is little scientific warrant for our being
other than sceptical at present as to the inheritance of acquired
characters, this scepticism lends greater importance than ever,

on the one hand, to a good '* nature," to secure which for off-

spring is part of the problem of careful mating ; and, on the

other hand, to a good "nurture," to secure which for our chil-

dren and children's children is one of the most obvious of duties,

the hopefulness of the task resting upon the fact that, unlike the

beasts that perish, man has a lasting external heritage, capable
of endless modification for the better.

UN/VERS!TY AND EDUCA TIONA

L

INTELLIGENCE.
Mr. a. Rendle Short, of University College, Bristol, has

been awarded the gold medal and exhibition in physiology, the

gold medal and exhibition in materia medi'ca, and first-class

honours in anatomy, upon the results of the recent Intermediate

M.B. examination of the University of London. The exhibi-

tions in physiology and materia medica are of the value of 80/.

and 60/.

A DISCUSSION on the teaching of geography will be held at

Cambridge on Friday, August 24, under the auspices of the

Geographical Association, and in connection with the Summer
Meeting. Prof. W. M. Davis, of Harvard University, will

occupy the chair, and among the subjects to be brought before

the Association are class excursions, map drawing, the use of the

globe, geography in the grammar school, and possibilities and
limitations of geography in a day school. There are several

exhibits of interest to teachers of geography in the education

exhibition, arranged in connection with the Summer Meeting. ,

Lord Bute has offered the University of St. Andrews a sum
of 20,000/., to be held as a fund for endowing a chair of

anatomy, upon the following conditions :— (i) That the said sum
of 20,000/. shall be paid to the University not later than ten

years hence. The exact date cannot be specified, as it will

depend upon completion of certain works at Cardiff. Interest

at 3 per cent, will be payable to the University from the time

of the appointment of the first professor until they receive the

principal sum ; (2) that the first presentation to the chair shall

be in favour of Mr. Musgrove, the present holder of the lecture-

ship in anatomy in St. Andrews ; (3) that the lectures shall be

given exclusively in St. Andrews ; (4) that the course shall meet

the requirements of the two first Anni Medici ; and (5) that

before the beginning of the University session, 1 901 -1902, the

approval of the Universities Committee of the Privy Council to

the establishment of the chair under the foregoing conditions be

obtained, and that the approval of Lord Bute or his representa-

tives be obtained to any further conditions embodied in the

ordinance instituting the chair.

The relations between scientific work and industrial progress

have been so often described in these columns that there is little

new to be said upon the subject. But though readers of Nature
may be familiar with many instances of the close connection

between science and industry, it will be a long time before the

knowledge filters down to the general public and starts a reaction

in commercial and manufacturing circles. Every man of science

who takes advantage of an opportunity to impress the value of

scientific observation and research upon the minds of citizens,
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is thus doing a service to the nation, as well as extending interest

in natural knowledge. Dr. P. Bedson, professor of chemistry at

the Durham College of Science, has, we are glad to see, recently
shown the Economic Society of Newcastle-on-Tyne some of the
lessons taught by the growth of science and industry in Germany
during the present century. A reasonable and organised system
of education, and schools in which students receive a thorough
grounding in the principles of science, and afterwards contribute
something to the advancement of knowledge, are the chief factors

in Germany's industrial progress. Referring to the system of
examinations which still dominates so much of our educational
work, and finds its highest development in connection with
university teaching. Prof. Bedson points out that it partakes of
the character of the training of a stud of racers. He adds :—
" Possibly the instinct of sport, so characteristic of the English
people, it is which commends the system of competitive examina-
tion. Too much is made of what should be regarded as a minor
duty of the University, viz. the testing and marking of its

students, and too little of the higher function, the training of
students under first-rate teaching, with the object that those so
trained should help forward the advancement of knowledge." It

is satisfactory to know that the movement in favour of rational
teaching in elementary schools, and regard for research in insti-

tutions of university rank, is gradually affecting scientific education
in this country.

SCIENTIFIC SERIALS.
Sy/nous's Monthly Meteorological Magazine, July.—This

number contains the completion of two interesting papers, by
Mr. E. D. Archibald, on Indian famine-causing droughts, and
their prevision. The principal facts are summarised as follows :

(1) Extensive droughts occur in the dry area of Southern India
at intervals of nine to twelve years, and usually, hut not regularly,
about a year before the sun-spot minimum. When the condi-
tions are sufficiently acute, famine occurs in the following year.

(2) A severe drought in the peninsular of Southern India is

followed by a severe drought and ensuing famine in Northern
India in about five cases out of seven. (3) Summer droughts
tend to occur in Northern India in years of maximum sun-spot,
connected in some way with the abnormal high pressure over
Western Asia which prevails at such epochs. There is thus a
double periodicity of droughts and famine in North India, and a
single periodicity in South India in the sun-spot cycle, though
the relation between the phenomena is too spasmodic and
irregular to be utilised as a trustworthy factor for prevision.

Amialen der Physik, No. 6. —Interruption spark in the alter-
nating circuit with metallic electrodes, by L. Kallir. The
author shows that the impossibility of producing an alternate-
current arc between metallic electrodes is due to the fact that
the spark is confined to one semi-period of the current. Or if

it extends over several periods, it is intermittent, and only
appears at every alternate semi-period.—Thermoelectric force
of some metallic oxides and sulphides, by A. Abt. Pyrolusite,
pyrrhotite, pyrites, and chalcopyrite were used in conjunction
with various metals or with each other. A pyrites-chalcopyrite
couple gave an E.M.F. lO'S times as high as an antimony-
bismuth couple under the same conditions.—Anomalous electro-
magnetic rotatory dispersion, by A. Schmauss. Measurements
of the Faraday effect for various wave-lengths in fuchsine solu-
tions and in didymium glass justify the general conclusion that
optical anomaly in dispersion is invariably associated with a
corresponding electromagnetic anomaly. In strongly absorbing
media the anomaly extends for a considerable distance on both
sides of the absorption band, and it increases with the con-
centration and with the narrowness and sharpness of the ab-
sorption band.—Point discharges, by E. Warburg. In care-
fully purified nitrogen, the current intensity obtained from the
discharge of a fine point charged to - 3310 volts is 200 times as
great as from a point charged to -f5i8o volts. A slight ad-
mixture of oxygen reduces the proportion to 4 : i.—Band
spectrum of aluminium, by G. A. Hemsalech. The author
quotes some experiments which go to show that the band
spectrum of aluminmm is due, not to the oxide, but to the
metal itself.—Behaviour of radium at low temperatures, by O.
Behrendsen. Cooling a radium preparation down to the
temperature of liquid air reduces its activity by 50 per cent.
Restoration to the ordinary temperature produces a considerable
but transient increase of activity.—Production of kathode rays
by ultra-violet light, by P. Lenard. The discharge of electrified
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bodies by ultra-violet light is due to their emitting kathode rays
when the ultra-violet light impinges upon them. The author
exhausted a vacuum tube until it no longer allowed any dis-

charge to pass. He then exposed the kathode to ultra-violet

rays from a zinc spark gap. The discharge set in again
immediately, but no discharge could be ol)tained by similarly

illuminating the anode. The rays which produce the discharge
across the absolute vacuum can be deflected by a m^ignet, and
their velocity is about one-thirtieth of the velocity of light.

SOCIETIES AND ACADEMIES.
London.

Royal Society, February 8.—"On Electric Touch and the
Molecular Changes produced in Matter by Electric Waves." By
Jagadis Chunder Bose, M.A., D. Sc, Professor of Physical

Science, Presidency College, Calcutta. Communicated by Lord
Rayleigh, F.R.S.

It is claimed that the experiments described in the paper
show :

—

(i) That ether waves produce molecular changes in matter.

(2) That the molecular or allotropic changes are attended with
changes of electric conductivity, and this explains the action

of the so-called coherers.

(3) That there are two classes of substances, positive and
negative, which exhibit opposite variations of conductivity under
tVie action of radiation.

(4) That the production of a particular allotropic modification

depends on the intensity and duration of incident electric

radiation,

(5) That the continuous action of radiation produces oscillatory

changes in the molecular structure.

(6) That these periodic changes are evidenced by the corre-

sponding electric reversals.

(7) That the " fatigue " is due to the presence of the " radia-

tion product," or strained B variety.

(8) That by means of mechanical disturbance or heat, the

strained product can be transformed into the normal form, and
the sensitiveness may thereby be restored.

June 21.—"An Experimental Investigation into the Flow of
Marble." By Frank D. Adams, M.Sc, Ph.D., Professor of
Geology in McGill University, Montreal, and JohnT. Nicolson,
D.Sc, M.Inst. C.E., Head of the Engineering Department,
Municipal Technical School, Manchester. Communicated by
Prof. H. L. Callendar, F.R.S.
The following is a summary of the results arrived at :

—

(i) By submitting limestone or marble to differential pressures
exceeding the elastic limit of the rock and under the conditions
described in this paper, permanent deformation can be pro-
duced.

(2) This deformation, when carried out at ordinary tempera-
tures, is due in part to a cataclastic structure and in part to
twinning and gliding movements in the individual crystals com-
prising the rock.

(3) Both of these structures are seen in contorted limestones
and marbles in nature.

(4) When the deformation is carried out at 300° C, or better
at 400° C, the cataclastic structure is not developed, and the
whole movement is due to changes in the shape of the com-
ponent calcite crystals by twinning and gliding,

(5) This latter movement is identical with that produced in

metals by squeezing or hammering, a movement which in

metals, as a general rule, as in marble, is facilitated by increase
of temperature.

(6) There is therefore a flow of marble just as there is a flow
of metals, under suitable conditions of pressure.

(7) The movement is also identical with that seen in glacial

ice, although in the latter case the movement may not be
entirely of this character.

(8) In these experiments the presence of water was not
observed to exert any influence.

(9) It is believed, from the results of other experiments now
being carried out but not yet completed, that similar movements
can, to a certain extent at least, be induced in granite and other
harder crystalline rocks.

" On the Effects of Changes of Temperature on the
Elasticities and Internal Viscosity of Metal Wires." By
Andrew Gray, LL.D., F.R.S., Professor of Natural Philosophy
in the University of Glasgow, and Vincent J. Blyth, M.A., and
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James S. Dunlop, M.A., B.Sc, Houldsworth Research Students
in the University of Glasgow.
"The Distribution of Molecular Energy." By J. H. Jeans,

B.A. Communicated by Prof. J. J. Thomson, F.R S,

Paris.

Academy of Sciences, July 23.—M. Maurice Levy in the
chair.—Notice on Charles Friedel, by M. Georges Lemoine.

—

Visual observations of the corona of May 28, made by Mr.
W. H. Wesley at Algiers, with the Coude equatorial of

0"3i8 metre aperture, by M. Loewy.—Phosphoric acid in

the presence of saturated solutions of calcium bicarbonate,
by M. Th. Schloesing, Solutions of phosphoric acid were
added to saturated solutions of calcium bicarbonate, and
carbon dioxide withdrawn by a slow current of air. From the
analyses of the precipitated salt, interesting conclusions are
drawn as to the use of superphosphates as manure.—Report
upon the proposed revision of the arc of the meridian at Quito,
by M. Poincare. The Commission report that it is of opinion
that the proposed revision of the arc of meridian at Quito should
be carried out. The arc measured should be 6° instead of 4° 5', the
work being done by the staff of the Geographical Service of the
Army under the control of the Academy of Sciences.—On the
limited problem of three bodies, by M. Levi-Civita.—On the
position and actual appearance of a new star, transformed
into a nebula, by M. G. Bigourdan. The nebular constitution
ascribed by Prof. Pickering to this new star, discovered by
Mrs. Fleming, must have been derived from spectroscopic
examination, since at the present time the object appears
clearly as a star, withoui any trace of nebulosity.—Total eclipse
of the sun of May 28. Note on the observations made at the
Observatory of Algiers, by W. H. Wesley. A description
of the study of the lower coronal regions.— Observations of the
total eclipse of the sun of May 28, made in Spain, at Hellin,
Albacete, and at Las Minas, by M. G. Bigourdan.—Observation
of the solar ecHpse of May 28, made at Albacete, in Spain, by
M. J. Eysseric.—Observation of the total eclipse of the sun of
May 28, at Las Minas, in Spain, by M. Salet.—On a system of
differential equations equivalent to the problem of ;« bodies,

but admitting of one more integral, by M. W. Elert.

—

On the elastic flying machine, by M. L. Lecornu.—On the
electrocapillary functions of aqueous solutions, by M. Gouy.

—

The spectrum of radium, by M. Eug. Demar9ay. Mme.
Curie has succeeded in obtaining a specimen of radium chloride

in which the barium is so far reduced that only a feeble

spectrum of three principal rays is obtained. The radium lines,

although much stronger than in the specimens previously
studied, show no new ray that can be attributed to radium. In
its general character the spectrum of radium approximates to

those of the metals of the alkaline earths.—Solubility of a
mixture of salts having a common ion, by M. Charles Touren.

—

On a new complex acid and its salts, palladio oxalic acid and
palladio-oxalates, by M. H. Loiseleur. Four new substances are

described, palladio-oxalic acid and its silver, sodium, and barium
salts. The acid is the first complex acid containing palladium that

has been isolated.—On some osmyloxalates, by M. Wintrebert.
— Action of some finely divided metals, platinum, cobalt and irt)n,

upon acetylene and ethylene, by MM. Paul Sabatier and

J. B. Senderens. Platinum lalack has no action upon pure
acetylene at ordinary temperatures, but at 150° ethylene and
hydrogen, together with small quantities of benzene and ethane,

are produced. With cobalt, the reaction commences at 200°,

ethane and hydrogen being the principal products. Iron
behaves similarly to cobalt. With ethylene, platinum and
copper produce practically no effect ; cobalt gives ethane,

hydrogen and methane, and similarly with iron.—Synthesis
of paramethoxyhydratropic acid, by M. J. Bougault. The
author concludes that in identifying phloretic acid with
the synthetical paraoxyhydratropic acid, M. Trinius was
in error.—Influence of hydrobromic acid upon the velocity

of the reaction of bromine upon trimethylene, by M.
G. Gustavson.—The organic solutions of ferric chloride,

by M. CEchsner de Coninck. The iron salt is removed
from solutions in methyl and ethyl alcohols, acetic ether

and acetone by repeated filtration through animal charcoal.

—

On the nature of the reserve carbohydrates of the St. Ignatius

bean and nux vomica, by MM. Em. Bourquelot and J. Laurent.
The albumen of these seeds appears to contain several mannane
and galactanes of different molecular weights.—On the genera
Palythoa and Epizoanthus, by M. Louis Roule.—A teratological

process, by M. Etienne Rabaud.—The nepheline rocks of the
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Puy de Saint-Sandoux, by M. A. Lacroix.—The sub-Pyreneal
erosions, by M. L. A. Fabre.—On the existence of carboni-
ferous strata in the region of Igli, by M. Ficheur.—On the
agglutination of blood corpuscles by chemical agents, and on
the conditions of medium which favour or prevent it, by M. E.
Hedon.—On the influence of phosphates and of some other
mineral substances upon the proteolytic diastase of malt, by
MM. A. Fernbach and L. Hubert.—The bacteriolysis of an-
thrax, by M. G. Malfitano.—On the function of the nucleus in

the formation of haemoglobin and in cellular protection, by M.
Henri Stassano.—On the collection of potable water and pro-
tection of springs, by M. Leon Janet.

Cape Town.
South African Philosophical Society, June 27.—L.

Peringuey, President, in the chair.—Mr. E. H. L Schwarz
exhibited copies of some Bushman drawings which he had found
near Nieuwoudtsville. Along with the usual reproductions of
men and animals, there are certain puzzling figures which have
not been recorded from other localities. One of these consists
of a rude slipper-like form with seven bars across it ; another
is a circle with seven periphe ral radiating bars, and a third shows
three concentric circles, from the outer of which there extend
twenty-one bars. Mr. Schwarz thought that the first-mentioned
figure might be a tally.—Dr. Corstorphine gave a short note on
an old beach deposit on the site of the South African Brewery at

Woodstock, which had been brought to his notice by Mr. A. W.
Ackermann, architect, Cape Town. Some of the sections

show a layer of shells and water-worn boulders some three feet

thick resting on the slate and covered by about three feet of

sand and soil, but within thirty yards the deposit entirely thins out.

The shells all belong to species found on the present beach.—
A copy of a report on a submarine disturbance, from the

magistrate at Walfish Bay, forwarded by Major Stanford, was
read by the secretary. The magistrate stated that on May 31
or June i last, a new island appeared about 100 yards N.E. of

Pelican Point. The island was about 150 feet long by 30 feet

wide, and stood 12 feet above high water. It was composed
of a tenacious clay ; soundings gave 7-10 fathoms around it ;

steam was observed rising from the clay, and an intense smell

of sulphuretted hydrogen was perceptible, even at a distance

of five miles.—Mr. Sclater gave an account of some inscribed

stones found in Cape Town.
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PRACTICAL NAVIGATION.
Self-instruction in the Practice and Theory of Navigation.
By the Earl of Dunraven, Extra Master. Two
volumes. Pp. xxv + 354 + 388. (London : Macmillan
and Co., Ltd., 1900.)

THE science of navigation, apart from the practical

art of seamanship, stands on a very curious footing.

Based mainly on mathematical results, it presents pro-

bably the only, certainly the most conspicuous, instance

of the adaptation of pure science to practical ends. As
a consequence nautical astronomy, or those portions of

it which are indispensable to navigation, has been sys-

tematised to such a pitch of perfection that a mechanical

system has been substituted for a reasoning process.

Many regard this result with satisfaction as a triumph of

scientific simplicity, and pride themselves on the produc-

tion of navigators capable of producing a definite practical

result with the least possible expenditure in training.

Perhaps it would be unjust to say that this view is shared

by the Earl of Dunraven, the author of the latest book on

the theory and practice of navigation. But he is not

prepared to throw his known experience as a sailor and
his great popularity as a successful yachtsman on the

side of those who would make the Board of Trade
Regulations more stringent, and would demand from

applicants for the various certificates some proof that

they have acquired more than a rule-of-thumb acquaint-

ance with the various methods and formulae that they

will have to put into practice. The effect, if not the ob-

ject, of his book is to show with how little knowledge
one may pass the Board of Trade Examinations, and be

legally entitled to assume positions of enormous responsi-

bility. But admitting that it is desirable to give the

practical seaman every chance in the examination room,

and that the accurate solution of a problem is the only

point to be regarded, is it easier to teach once for all

the ordinary methods for the solution of a spherical

triangle, or to burden the memory with a variety of rules

which are available only for the solution of the particular

family of problems to which these rules have been
adapted ? Take, for example, the case of the determina-

tion of an hour angle from the observation of an altitude

in a known latitude. The candidate for a certificate,

taught on the lines that Earl Dunraven approves and
encourages, has to remember first of all a series of rules

about declination and latitude being of the same or

different names ; then he has to write certain quantities

down in a particular order, perform sundry acts of leger-

demain, take out four different logarithmic functions of

angles, add them up, and is landed in a quantity which
his lordship calls "the log. of the hour angle." It is the

log. sine squared of half the hour angle, but this is a de-

tail, and if one happens to possess the particular table in

which some obliging genius has given this quantity,

with argument hour angle, the work is done and it

may be, so far as the result is concerned, satisfactorily.

To trust to the memory rather than the rigorous process
of demonstration is a plan Earl Dunraven thinks admir-
ably adapted to meet the difficulties introduced by "a
wet, slippery, and tumbling deck " and the inconveniences
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"of a dimly-lit cabin, full of confusion and noise." We
fail to perceive the particular advantages of this system,

but would express any doubts on this point very modestly,

for the author speaks from an actual experience, which

we can very inadequately apprehend.

But if our methods of teaching are as far asunder as

the poles, it is impossible to escape the influence of the

cheerful, breezy style in which the book is written—

a

model for those who attempt to substitute teaching by

written description for oral explanation. The author

appears to be sitting at the same table with the student,

giving him of his best, and actually pushing him through

the examination. If any one has failed to satisfy the

examiner that he is competent to do " a day's work," let

him take Earl Dunraven for his guide, and he will become
fully persuaded of the easiness of the problem, rather than

of its difficulty, and will pass the ordeal with success.

The author supposes his pupil to be conversant with

the multiplication table, but with practically nothing else,

so he gives first a chapter on arithmetic, followed by one

on the application of logarithms ; the theory is dismissed

in a page, and of this short summary the student is told

" don't bother to read it unless you have a mind to." This

is the keynote of the whole book, only those problems

which can have an immediate practical significance, or

can be broached in the examination room, are pressed on

the student's notice. But to make amends for the lack

of theory, on the practical side, the detail is very full and

complete. From logarithms we pass to the description

of the instruments used at sea, and so arrive at the

"sailings" and that troublesome problem of the "day's

work," which proves such a stumbling block for so many
aspirants for certificates. At this point the author thinks

it time to introduce a little algebra and trigonometry,

though he advises only extra masters to read it, and we
must admit that it contains some hard things, and that

we should have some difficulty in solving some of the

simple equations proposed by following the rules laid

down for our guidance. The author is not seen at his

best in these chapters, which are better taught in the

schoolroom than on the ship's deck. Tides and charts,

so far as their investigation and construction are needed

for the examination room, are fully explained. The first

volume concludes with the solution of simple problems

connected with the determination of latitude, longitude,

and azimuth.

We cannot get very far into the second volume without

some knowledge of spherical trigonometry, and here,

again, we do not find the chapters devoted to this subject

altogether satisfactory. Spherical trigonometry covers a

very small but well recognised subject of inquiry, and can

without much difficulty be made complete. The methods

are simple and easily applied, except in one point, and

that is the determination of the quadrant in which the

various arcs fall. Earl Dunraven has not much assist-

ance to offer on this vexed point. He pins his faith to

Haversines, and as a rule keeps free from the employ-

ment of auxiliary angles. In this he is no doubt well

advised, for the advantages of the method so long insisted

upon in elementary treatises are by no means so apparent

in actual work. Through the intricacies of the ingenious

method known as Sumner Lines, Earl Dunraven con-

ducts us with care, especially dwelling on the use of the

Q
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various tables that have been introduced to facilitate the

process and hasten the result. After one or two further

applications of spherical trigonometry, we are brought

face to face with that curious survival, known as a Lunar

Distance, and we are quite sure that the author did some

violence to his sense of practical utility when he devoted

so many wearisome pages to the consideration of this

obsolete problem. In the examination room of the Board

of Trade, the thorny difficulties of '•' clearing the dis-

tance " may exercise a wholesome effi^ct on the extra

master, whose fate it is to attack this problem, and in-

duce him to acquire a greater knowledge of nautical

astronomy than he would otherwise do ; but we imagine

in the great majority of cases the applicant endeavours

to forget all about the intricacies of the problem as soon

as he is possessed of his qualifying " ticket." The skill

of the mechanician has done much to remove the neces-

sity of the ingenious device, but the rapid transit of

vessels from port to port, and the numerous time signals

in known longitudes, give to the mariner Greenwich

Time more accurately than it] was ever determined by

the method of lunar distances. But for some reason

known only to the authorities, an acquaintance with the

method is demanded, though the necessary facility in

manipulating the sextant cannot so well be required.

The whole process affords an interesting case of the

resources of analysis outrunning in accuracy the observ-

ations to which it is applied.

" Problems," says Earl Dunraven, " will be given you

in the examination room on the infernal subject of

magnetism and deviation," so he has much to say about

the coefficients A to E. To many, we are afraid these

coefficients will remain a matter of intricate manipula-

tion, carrying no definite meaning ; but if they follow

the author's guidance, they ought to issue triumphantly

from the examination ordeal. His rules are admirably

arranged, and, from a purely mechanical point of view^

leave nothing to be desired. We could have wished

that the theory had been a little fuller, but we remember,

a little regretfully, that the author's object is not to

teach magnetism, but to pass the reader or student

through an examination of a strictly limited character.

We cannot but think that the book is eminently calcu-

lated to effect this object. Admirably printed, well and

lavishly illustrated, furnished with numerous examples

and written in a free and easy, but lucid style, we should

imagine that this work is destined to become the most

popular book on the subject, and that it will be the one

guide and text-book to which the young officer will

apply, to help him to meet and defy the terrors of Her
Majesty's examiners. W, E. P.

THE CULTIVATION AND PRODUCTION OF
COFFEE.

Le Cafi, Culture—manipulation—production. Par Henri
Lecomte, Agrege de 1 Universite, Docteur es Sciences,

&c. Pp. vi -h 342. (Paris : Georges Carr^ et C.

Naud, 1899.)

COFFEE in its various commercial aspects, whether

from the point of view of the planter, the broker,

the retail dealer, or the consumer, has from time to time

commanded a great deal of attention. Occupying as it

does a large and extended area of cultivation within the
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tropics, and being an important branch of industria

culture in many of the British possessions, as Jamaica,
Ceylon, Southern India, and Borneo, it is but reasonable
to expect that treatises on the cultivation, best means of
improvement of yield and quality, prevention of disease,

&c., would be numerous. In the English language many
such works are available, and if this be so, bearing on a
culture which though large and important is small in

comparison with that of Brazil, Central America, Mexico,

Java, and Sumatra, we might also expect to find a large

number of books in the languages of the nations to which
these extensive coffee growing countries belong.

The work before us is the latest contribution to the

French literature of the subject, and extensive as that

literature is and for the most part carefully worked out,

M. Lecomte's handbook will be a useful and valuable

addition not only for its arrangement, but also for the

concise character of the information given and the various

items of intelligence regarding production in the several

countries referred to and exports therefrom.

The first chapter is devoted to the early history of the

coffee plant. The botany of the genus Cofiea is treated

of in the second chapter occupying twenty-five pages,

and is illustrated by a figure of the so-called Arabian
coffee {Coffea arabica) in flower and in fruit, and a figure

is also given of C sienophylla, the tree which furnishes

the wild coffee of Sierra Leone, as well as of the new
species from the Congo, C. canephora, Pierre. In the

enumeration of species given in this chapter thirty-

three are referred to, prominence, of course, being given

to C. arabica and C. liberica, the two most important

coffee yielding species. The best varieties of C. arabica

cultivated in various parts of the world are also enumerated.

Referring to Coffea stenophylLi the specific name of

which, by the way, is spelt with a capital initial letter, the

author gives the following interesting account of it

:

In 1894 some plants of ttiis new species were received at

the Royal Gardens, Kew, from Sierra Leone, and these

plants produced flowers in 1895. Seeds were afterwards-

sent to most of the English colonies where it was thought

the plant might flourish. In Ceylon, however, the

results have not been satisfactory ; but in Dominica,

Jamaica, and Trinidad, the case has been different.

In the Botanic Garden of Port of Spain, Trinidad,

there are some fine fruiting examples of this tree

quite free of disease. The author further regrets

that this coffee has not yet been introduced into the

French colonies. On the climate and elevation suitable for

the success of coffee plantations the great coffee-growing

country of Brazil has the first consideration. The re-

maining chapters are devoted to the consideration of

soils, the choice of seeds, transplanting, manures, shade

trees, &c. The use of simple diagrams showing the

different positions in which the coffee plant and its

shade trees may be placed will be found useful, as will

also the list of trees suitable both for shade and shelter,

amongst which we notice such well-known trees as

Albizzia Lebbek, A. stipulata, and Exythrina indica.

On the subject of harvesting or gathering the crop it is

pointed out how extremely variable in the period of ripen-

ing its seeds the plant is in different countries. Thus in

Cuba, Guadaloupe, and other islands of the Antilles, the

harvest commences in August and is carried on through
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November, while in Brazil it commences in May and

ends in September.

Though the broad principles of the preparation of

<ofree for market are well known, the description here

given, especially aided as it is by the practical illustra-

tions, will be of especial value. No book on coffee could

possibly be complete without a reference to the diseases

to which the plant is subject, whether the disease belongs

to the vegetable or animal kingdom. Consequently

we find thirty-one pages devoted to this part of the sub-

ject. Substitutes for coffee also come under consideration,

occupying, however, a comparatively small space, and

though no doubt sufficient is said about them, their

number might be considerably increased. Perhaps one

of the most interesting parts of the book is that treating

on production, m which each country is considered

separately, the first chapter being devoted to the American
Continent, and naturally leading off with Brazil. British,

Dutch and French Guiana are also considered, and com-
parisons made with product and e.xport, as are also those

of Paraguay, Venezuela, Columbia, Costa Rica, Mexico

and other places. The West Indies, including Jamaica,

Porto Rico, Trinidad and other important coffee growing

countries, as well as the Eastern countries and Africa,

are also referred to. This part of the subject is practically

illustrated by a map of the world, showing at a glance

the geographical distribution of the coffee plant, together

with the production of each country in kilogrammes, and
the date to which the figures refer. A comparison of the

produce of each country is readily gained by a series of

disks of different sizes, with the names of the country be-

neath each, and the total in figures ; from this it will be
seen that Brazil is far ahead of any other individual

country. An interesting table is also given showing the

consumption of coffee in the principal countries of the

world, from which it seems that of the European countries

Germany consumes by far the largest quantity. The
figures in tons for 1897 standing thus—Germany 136,390,

France ll.lio, England 12,420, while the consumption in

the U.S. of America in the same year amounted to

318,170 tons. The book concludes with a table of subjects

of the several chapters, but lacks that most necessary

adjunct of all books—a good index.

THE BIRDS OF SURREY.
The Birds of Surrey. By J. A. Bucknill. Pp. Ivi -f 374,

illustrated. (London : R. H. Porter, 1900.)

"pROM its great extent of open moorland and the
-•- presence of several large sheets of water, Surrey
occupies an unusually favourable position among the

metropolitan counties for the development of a large

bird-fauna ; and since a very considerable portion of the
county is now undergoing a metamorphosis under the
hands of the builder as the area of the metropolis and
its suburbs increase, it is most important that a full

record should be secured of the species of birds which
are fast disappearing from its limits. The compiling of
such records, and the careful working out of the past
history of locally distributed species within the limits

treated of, seem, indeed, to be the chief justification for

the publication of county ornithologies. And in this

respect, as well as in the careful collection of local bird-
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names, the author of the work before us appears to have

discharged his task in a thoroughly satisfactory manner.

An instance of this is afforded by his account of the

occurrence of the black-grouse in Surrey. To many of

our readers it will probably come as a surprise to learn

that black-cock shooting was a recognised sport on the

Surrey moors during the forties, and even to a consider-

ably later date. At the present day there is, however,

scarcely a single genuine wild bird of this species to be

met with in the county ; and the excellent history of its

gradual extermination given by Mr. Bucknill should,

therefore, be read with the greatest interest alike by

sportsmen and by ornithologists. The raven, the buzzard,

the marsh-harrier, and the dotterel are other species

which have disappeared from the county, either totally

or as nesting birds ; the last record of the occurrence of

the dotterel being 1845, when a couple of specimens were

purchased from the landlord of an inn at Hindhead.

Of the numerous rare birds that have been noticed from

time to time in the county, the great majority have been

visitors to the well-known Frensham ponds, the larger of

which extends into Hampshire. Here we are practically

in Gilbert White's country ; and in these favoured

haunts have been seen the osprey, the spoonbill, several

of the rarer kinds of duck, the goosander, and the purple

heron. Sad to say, the arrival of these wanderers has

for the most part been speedily followed by their slaughter
;

and, as the author remarks, hundreds of other avian

rarities have doubtless been killed and eaten without

record. Unhappily, the great increase in game preserva-

tion which has taken place of late years in the county

appears to have been the cause of ,the diminution in the

numbers of many of the rarer species of birds. But

there are many country gentlemen, on the other hand,

who are lovers of natural history, and who veto as much
as possible the bird-slaying propensities of their game-
keepers. It is to such, and to the laws now in force for

the protection of wild birds, that we have to look for the

commencement of a better state of things in the wilder

parts of the county. And the fact that the golden oriole

and • the hoopoe have been observed of late years on

several occasions indicates the probability that these

beautiful birds would once more nest in the Surrey

groves if only they received adequate protection.

A feature of the book is the beautiful series of illustra-

tions of Surrey scenery ; the views of Frensham Great

Pond and of the Surrey Weald being some of the best

examples of landscape photogravure that have come
under our notice. Although primarily intended for resi-

dents in the county (among whom we are glad to see

that a long list of subscribers has been enrolled), the

book is full of interest to all bird-lovers living in the

south of England. R. L.

OUR BOOK SHELF.
Untersuchungen ueber d. Verviehrung d. Laubmoose
durck Brutorgane und Stecklinge. Von Dr. Carl
Correns, a.d. Prof. d. Botanik in Tiibingen. Pp.
xxiv-f-472 ; mit 187 abbild. (Jena : Verlag v. Gustav
Fischer, 1899.)

Few people perhaps fully realise how abundantly the

mosses are provided with modes of vegetative reproduc-
tion, even although they may be fully cognisant of the
fact that the protonema—the precursor of the moss-
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plant—is readily induced to m-\ke its appearance from

the cut ends of the stems and leaves of these plants.

Prof. Correns has done a useful service in bringing

together, in a classified manner, the numerous methods
employed by mosses to ensure their propagation and
dispersal by means less expensive than by the production

of spores. The readily friable stems of some species of

Ani&eaea, the easily detached branchlets of Dicranum,
are instances, well known to muscologists, of a large

class of propagative bodies. These simpler forms of re-

production are also widely spread amongst plants other
than mosses, and in some cases—e.g. Lycopodium Selago
—the superficial resemblance is rather striking. Less
obvious are the subterranean bulbils or buds, such as
are met with in Dicranella, Batbula, or Funaria, in

which special tuberous bodies are formed. Dicranella
heieromalla affords a pretty example of a form transi-

tional from the simple to the more complex types, inas-

much as the subterraneous bulbils of this moss are little

more than rows of swollen rhizoid-cells arranged some-
what like a string of beads. Many of these bulbils are
regarded by Correns rather as of the nature of food
reservoirs than as brood bodies ; but it is at least certain

that they are in most cases able to function in the latter

capacity as well as in that of mere storehouses of food-
reserves.

Other and very common cases of brood bodies are
afforded by the so-called ''^ folia yrrto^/Zza "—leaves which
readily become detached from the parent plant, and with
greater or less intervention of protonematal filaments
give birth to new individuals. Oftentimes the leaves
destined to this end undergo considerable contraction in

size, and, indeed, may assume a totally rudimentary
appearance.

Again, as in some species of Orthotrichum, cells grow
out from the ends of leaves, and the sausage-shaped pro-

liferations, after detachment from the parent plant, grow
out to filaments, on which new plants arise.

The above are only a few of the many forms cited by
Correns of gametophytic reproductions in the mosses by
vegetative means. But as Pringsheim long ago pointed
out, it is also possible to reproduce these plants from the
sporophyte generation, especially from cut fragments of
the seta or stalk of the moss-capsule. These are far more
interesting, as they resemble the curious aposporic de-
velopment met with in a number of ferns. Indeed, these
latter offer, perhaps, a means of attacking the details of
the phenomena of apospory with a greater chance of
success than in the case of the ferns, since they seem
more easily induced by simpler experimental devices than
is the case with the higher plants.

A general synopsis of the various types and forms of
brood-bodies forms a useful adjunct to the main de-
scriptive part of.a book on which the author has evidently
expended much labour, and which should earn for him the
gratitude of all those muscologists who are not merely de-
scribers of species, as well as of botanists who seem too
often rather to be disposed to ignore an important section
of the vegietable kingdom.

Village Notes, and Some Other Papers. By Pamela
Te.nnant. Pp. xii -1- 204;' 13 plates. (London :

William Heinemann, 1900.)

These notes revealsome of the humour and pathos of
rural life in South Wilts, and here and there they lightly

touch natural scenes and objects other than human.
The plates, which are reproductions from original photo-
graphs of Wiltshire views, are excellent, and the book
itself is. a dainty volume suitable for a drawing-room
table. Reference is made to the "pernicious habit of
'underlining' in their letters " which some people adopt,
yet we notice an abundance of italicised words in the
book, and they are equivalent to the underlined words
so severely condemned.
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LETTERS TO THE EDITOR.
{The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manvscripts intended for this or any other paj-t of Nature.
No notice is taken of anonymous covununications.']

The Conductivity produced in Gases by the Motion of
Negatively-charged Ions.

Recent researches have shown that gases are rendered con-
ductors of electricity when negatively-charged ions move through
them with a high velocity. Thus the kathode rays and the
Lenard rays possess the property of ionising gases through
which they pass (J. J. Thomson, " The Discharge of Electricity
through Gases"). Becquerel (Comptes rendus, March 26, 1900)
also has recently shown that the conductivity produced by
radium is due to small negatively-charged particles given off by
the radio-active substance. In these cases the charged particles

which ionise the gas move with velocities nearly equal to the
velocity of light.

Some experiments which I have recently made show that ions
which are produced in air by the action of Rontgen rays will

produce other ions when they move through the gas with a
velocity which is small compared with the velocity of light.

When Rontgen rays are sent through a gas, at atmospheric
pressure, the current between two electrodes immersed in the
gas increases in proportion to the electric force, when the force
is small. For large forces the current attains a value which is

practically constant.

When the pressure of the gas is reduced, the connection
between conductivity and electromotive force is more compli-
cated. The accompanying tables show the connection between
current and electric force for air at 2 and "8 mm. pressure.

At these pressures the current is practically constant for forces
of about 10 volts per centimetre, and when forces of this order
are acting, all the ions are produced directly by the rays. When
the electric force is increased these ions produce others, so that
the current again increases.

It appears from the following investigation that the new ions
are produced by the collisions between negatively-charged ions
and the molecules of the gas.

Let us suppose that n negative ions are moving in a gas
between two parallel plates at a distance t/ apart. Let X be

the electric force between the plates
Vi

and / the

pressure of the gas. In going a distance dx the n ions produce
a. X « X dx others, where a is a constant depending on X, /,
and the temperature, which is constant in these experiments.
(The coefficient a is practically zero for small values of X,
unless/ is also small).

dn = andx
and Ji — WflE"^

Hence «(, ions starting at a distance x from one of the plates

will give rise to «q(E°'^-i) others. When the ions arrive at the
plate, the formation of new ions ceases and the current stops,

although the electromotive force is kept on. Let «„ be the

number per unit volume produced by the rays. The total number
of ions produced will therefore be

n^E-^dx =,-»(£" I)

per unit area, ft^d being the number produced by the rays.

Hence
c I

ad
(E«d-i)

where c is the current for a large force X, and C(, the current

composed of ions produced by the rays.

The following experiments were made in order to test the

accuracy of this formula for currents produced between two
parallel plates whose distance apart could be varied.

The rays fell normally on one of the plates, which was made
of thin aluminium, and after passing through the air between
the plates, the rays were completely stopped by the second

plate, which was of brass. The plates were 10 centimetres in

diameter, and the rays were allowed to fall on a circular area at

the centre 4 centimetres in diameter. The conductivity was
thus confined to a region where the force was constant. A
large part of the conductivity (cq) arises from the secondary

radiation from the brass disc. At high pressures the secondary
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effect is principally confined to a layer of gas near the surface

(John S. Townsend, Camb. Phil. Proc, vol. x. Part iv.), but

when the pressure is low the secondary rays are not so rapidly

absorbed by the gas, and the ionisation (w^) between the plates

is nearly uniform.

The ratios of — were determined for different forces, the air

being at a pressure of two millimetres. When the strength of

the rays was reduced to ^ of its original valu3 it was found that

the ratios — were unaltered. This shows that a is in-

dependent of n^ and is some function of X and /.
The plates were then set at one centimetre apart, and the

values of c were determined for different forces. The results,

corresponding to a pressure 2 and 8 mm., are given in the

second columns of the accompanying tables. The numbers
given are the mean between the currents in opposite directions.

With this form of apparatus, however, there were only very

small differences found in the conductivity when the electro-

motive forces were reversed. The plates were then set at two
centimetres apart, and the currents found in this case for

pressures 2"I4 and '8 mm. are given in the third columns of

the tables.

The force X is given in volts per centimetre.

X
20

40
80
120

160
180

^'^=1)
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THE PHOTOGRAPHY OF SOUND-WAVES
AND THE DEMONSTRATION OF THE
EVOLUTIONS OF REFLECTED WAVE-
FRONTS WITH THE CINEMATOGRAPH.

Introduction.

IN a paper published in \.\i& Philosophical Magazine
for August 1899, I gave an account of some experi-

ments on the photography of sound-waves, and their

apphcation in the teaching of optical phenomena. Since

writing this paper I have extended the work somewhat
and at a meeting of the Royal Society on February 15,

1900, gave an account of this work, and demonstrated
certain features of wave motion with the cinematograph.

In the present article I propose to give a somewhat
more extended account of the work, paying especial

attention to the analogies between the sound-waves and
waves of light.

In teaching the subject of optics we are obliged to

resort to diagrams when dealing with the wave-front, and
in spite of all that we can do, the student is apt to form
the opinion that the rays are the actual entities, and that

wave-fronts are after all merely conceptions.

The set of photographs illustrating this article will, I

think, be of no small use to teachers in ridding the minds
of students of the obnoxious rays, and impressing the

fact that all of the common phenomena of reflection,

refraction and diffraction are due simply to changes
wrought on the wave-front.

Sound-waves in air were first observed and studied by
Toepler, by means of an exceedingly sensitive optical

contrivance for rendering visible minute changes
in the optical density of substances. A very
full description of the device will be found in

Toepler's article (
Wied. Annalen^ cxxxi.), while

a brief account of it will be given presently. t~\^ (h
. The waves in question are the single pulses «^V^^pii/

of condensed air given out by electric sparks. lol

A train of waves would complicate matters too

much, and for illustrating the optical phenomena
which we are to take up would be useless.

The snap of the spark gives us just what we require,
namely, a single wave-front, in which the condensation
is considerable.

When seen subjectively, as was the case in Toepler's
experiments, the wave-fronts, if at all complicated, as
they often are, cannot be studied to advantage, as they
are illuminated for an instant only, and appear in rapid
succession in different parts of the field. By the aid of
photography a permanent record of the forms can be
obtained and studied at leisure. The first series of
photographs, published in the Philosophical Magazine^
were made with an apparatus similar to the one to be
presently described ; while most of those illustrating this

article were made on a much larger scale by employing
a large silvered mirror in place of the lens, an improve-
ment due to Prof. Mach, of Prague, who has given much
attention to the subject.

As it is a matter of no trouble at all to set up in a i&^
minutes, in any physical laboratory, an apparatus for

showing the air-waves subjectively, and as the method
does not seem to be as well known as it deserves to be, a
brief description of the " Schlieren " apparatus, as Toepler
named it, may not be out of place.

The Apparatus.

The general arrangement of the " Schlieren " appa-
ratus is shown in Fig. i. A good-sized achromatic lens
of the finest quality obtainable, and of rather long focus,

is the most important part of the device.. I have been
using the object-glass of a small telescope figured by the
late Alvan Clarke. Its diameter is five inches, and the
focal length about six feet. I have no doubt but that a
smaller lens could be used for viewing the waves, but
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one of at least this size is desirable for photographing
them.
The lens is mounted in front of a suitable source of

light (in the present case an electric spark), which should
be at such a distance that its image on the other side of
the lens is at a distance of about fifteen feet.

The image of the spark, which we will suppose to be
straight, horizontal, and very narrow, is about two-
thirds covered with a horizontal diaphragm (<:i), and im-
mediately behind this is placed the viewing-telescope.
On looking into the telescope we see the field of the lens
uniformly illuminated by the light that passes under the
diaphragm, since every part of the image of the spark
receives light from the whole lens. If the diaphragm
be lowered the field will darken, if it be raised the
illumination will be increased. In general it is best to

have the diaphragm so adjusted that the lens is quite
feebly illuminated, though this is not true for photo-
graphic work. Let us now suppose that there is a
globular mass of air in front of the lens of slightly greater
optical density than the surrounding air {b). The rays of
light going through the upper portion of this denser mass
will be bent down, and will form an image of the spark
below the diaphragm, allowing more light to enter the
telescope from this particular part of the field ; conse-
quently, on looking into the instrument, we shall see the
upper portion of the globular mass of air brighter than
the rest of the field. The rays which traverse the under
part of " b" however, will be bent up on the contrary,
forming an image of the spark higher up, and wholly
covered by the diaphragm ; consequently this part of the

spark

field will appear black. It will be readily understood
that, with the long path between the lens and the image
a very slight change in the optical density of any portior>

of the medium in front of the lens will be sufficient

to raise or depress the image above or below the edge
of the diaphragm, and will consequently make itself

manifest in the telescope.

The importance of using a lens of first-class quality is

quite apparent, since variations in the density of the glass

of the lens will act in the same way as variations in the
density of the medium before it, and produce unequal
illumination of the field. It is impossible to find a lens

which will give an absolute even, feeble illumination, but

a good achromatic telescope objective is perfect enough
for every purpose. A more complete discussion of the

operation of the apparatus will be found in Toepler's

original paper in the Annalen. The sound waves, which
are regions of condensation, and consequent greater

optical density, make themselves apparent in the same
way as the globular mass of air already referred to.

They must be illuminated by a flash of exceedingly short

duration, which must occur while the wave is in the field

of view.

Toepler showed that this could be done by starting the
sound-wave with an electric spark, and illuminating it

with the flash of a second spark occurring a moment
later, while the wave was still in the field. A diagram of

the apparatus used is shown in Fig. 2. In front of the

lens are two brass balls (a, a), between which the spark

of an induction coil passes, immediately charging the

Leyden-jar c, which discharges across the gap at e an
instant later. The capacity of the jar is so regulated

that the interval between the two sparks is about one
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ten-thousandth of a second. The field of the lens is thus
illuminated by the flash of the second spark before the
sound-wave started by the first spark has gone beyond
the edge of the lens.

To secure the proper time-interval between the two
sparks it is necessary that the capacity of the jar be quite
small. A good-sized test tube half full of mercury stand-
ing in a jar of mercury is the easiest arrangement to fit

up. This limits the length and brilliancy of the illumin-
ating-spark, and with the device employed by Toepler
I was unable to get enough light to secure photographs
of the waves. After some experimenting I found that if

the spark of the jar was passed between two thin pieces
of magnesium ribbon pressed between two pieces of thick
plate-glass, a very marked improvement resulted. With
this form of illuminator I found that five or six times as
much light could be obtained as by the old method of
passing the spark between two brass balls.

The spark is flattened out into a band, and is kept
always in the same plane, the light issuing in a thm
sheet from between the plates. By this arrangement we
secure a light source of considerable length, great in-

tensity, and bounded by straight edges, the three essentials

for securing good results. The glass plates, with the
ribbon terminals between them, must be clamped in some
sort of a holder and directed so that the thin sheet of
Light strikes the lens : this can be accomplished by
darkening the room, fastening a sheet of paper in front
of the lens, and then adjusting the plates so that the

In the first series the pictures were so small that it was
necessary to enlarge them several diameters. Those of
the new series, owing to the use of an eight-inch mirror
in place of the five-inch lens, and an objective of larger
aperture and longer focus, required no enlarging.

The Wave-Front Photographs.

In the study of optics we may treat the subject of
regular reflection in two ways, by rays and by wave-

paper is illuminated as much as possible. The image
formed by the lens will be found to have very sharp
straight edges,' on one of which the edge of the

diaphragm can be set in such a manner as to allow

but very little light to pass when the intervening medium
is homogeneous ; a very slight change, however, in any
portion may be sufficient to cause the entire amount of

light passing through that portion to pass below the

diaphragm and enter the telescope.

The photographs were made by substituting a photo-

graphic objective for the telescope, in the focal plane of

which a vertical board was mounted to support the plate.

The room was darkened, a plate held in position, and a

single spark made to pass between the knobs by pulling

a string connected with the hammer of the induction

coil. The plate was then moved a trifle and a second
impression secured in the same way. This obviated
several of the difficulties experienced in the earlier work.
The images never overlapped, and the hot air from the

spark did not appear in the pictures. About thirty-five

images were obtained on each plate in less than a
minute, from which it was usually possible to pick a
series showing the wave in all stages of its development,
owing to the variations in the time-interval between the
two sparks.

' If more than one image appears it means that the plane of the glass
ites of the illuminator does not lie p:trallel to the optical axis of the

\^tem. It is of prime importance to secure a single image.

fronts. When spherical waves of light are reflected from
a plane surface, we know that the reflected waves are
also spherical in form, the centre of curvature being a
point just as far beneath the reflecting surface as the
source of light is above it. In the first of the series of
photographs we have the reflection of a spherical wave
of sound by a flat plate of glass, the wave appearing as a
circle of light and shade surrounding the image of the

balls between which the spark passed
(Fig. 3). The reflected wave or echo
from the plate is seen to be spherical,
with a curvature similar to the incident
wave.
When we have a source of light in

the focus of a parabolic mirror, the rays
leave the mirror's surface parallel to one
another, and move out in an intense
narrow beam. Treating this case from
the wave-front point of view, we ascer-
tain by the usual geometrical construc-
tion that the spherical wave is changed
by reflection into a plane or flat wave
which moves out of the mirror without
further divergence. In the picture
(Fig. 4), only a portion of the parabolic
reflector is shown near the bottom.

The sound-wave starts in the focus, and the reflected
portion appears quite flat.^

What happens now if we use a spherical mirror in the
same way .?

Owing to the spherical aberration the reflected rays
are not strictly parallel, or the reflected wave is not a true
plane. Let us start a sound-wave in the focus of such a
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mirror, and follow the reflected portion out of the mirror
(Fig. 5). We notice that near the axis of the mirror
the effect is much the same as in the case of the para-
bola, that is, the reflected front is plane. Thus we are

1 In this series and some others left and right have been inadvertently
interchanged by the engraver. The series should be followed by the
numbers.
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accustomed to say that if we confine ourselves to a small

area around the axis, a mirror of spherical form acts

^ ^ (^
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worked out geometrically, and it was quite impossible
to determine the evolution of the different forms. More
recently this case has been constructed for five reflec-

tions, and all of the forms shown in the photographs
found.

We will take up next some cases of refraction, the first

covering the tank and exhibiting the most beautiful

interference-colours. The tank was filled with carbonic
acid and placed under the origin of the sound-wave.
On striking the collodion film, the wave is partly reflected

and partly transmitted, and it will be seen that the re-

flected component in air has moved farther than the
transmitted component in the carbonic acid.

The spherical wave-front is transformed into an
hyperboloid on entering the denser medium.
This is well shown in No. 3 of the series. In

No. 4 the wave is seen in air, having been re-

flected up from the bottom of the tank.

being that of a spherical wave at a flat surface of a
denser medium. In Fig. 9 we have a rectangular tank
with sides made of plane-parallel glass, and covered with

a collodion film of soap-bubble thickness made by the

method described by Toepler. Ordinary collodion is

diluted with about ten parts of ether, poured on a small
piece of plate-glass and immediately drained ofif. As
soon as it is quite dry, a rectangle is cut with a sharp
knife on the film. Toepler's method of removing the

film was to place a drop of water on one of the cuts, and
allow it to run in by capillarity ; but I have had better

success by proceeding in the following manner :—One
end of the plate is lowered into a shallow dish of water,

and the plate inclined until the water comes up to one
of the cuts. By looking at the reflexion of a window
in the water, it is possible to see whether the film com-
mences to detach itself from the glass. If all goes well,

it will float ofTon the surface of the water along the line

of the knife-cut, and it should be slowly lowered (one

Fig. 9.

end resting on the bottom of the dish) unti the rect-

angular piece detaches itself and floats freely on the
surface. The edges of the tank are well greased, and
then lowered carefully upon the film, to which they will

adhere. The whole must then be lifted from the water
in an oblique direction, when the film will be found
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In Fig. 10 we have the refraction of the wave
in the same tank under oblique incidence. The
bending of the wave within the tank is very

marked. The wave-fronts reflected from the

side which follows the unreflected portion

is also interesting in connection with Lloyd's

single mirror interference experiment (No. 2 of

series).

After several failures I succeeded in constructing a
prism with its two refracting faces of this exceedingly

thin collodion, which, when filled with carbonic acid,

showed the bending of the wave-front, exactly as we
figure it in diagrams for light. It was necessary to have
the • collodion thinner than before, since if we are to

photograph the wave after twice traversing the film, we
must lose as little energy as possible by reflexion.

Fig. 1 1 shows the refraction in a carbonic acid prism, the

bending being particularly noticeable in No. 4, on which

I have, with a pair of dividers, traced out the position

which the wave-front would have occupied had it not

traversed the prism. :
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The bending of the wave-front in the opposite direction

is shown in Fig. 12, where the same prism is filled with

hydrogen gas, in which sound travels faster than in air.

In the next figure we have a very interesting case,

though, owing to the experimental difficulties, the photo-
graphs are not quite as satisfactory as some of the others.

It represents the transformation of a spherical into a
plane wave by passage through a double convex lens.

Fig. 13.

The construction of the cylindrical lens of exceedingly
thin collodion was a matter of great difficulty. The flat,

circular ends were made of thin mica as free from striae

as possible, that the passage of the wave through the
lens could be followed. On these discs the collodion
film was wound, the whole forming a hollow drum, which

was then filled with carbonic acid. The sound-wave,
started at the principal fociis of this lens, is seen to be
quite flat after its emergence (Fig. 13).

We will next take up some cases of difl"raction, begm-
ning with the well-known principle of Huygens, that any
small portion of a wave-front can be considered as the

centre of a secondary disturbance, and that a small

portion of this secondary disturbance can act as a new
Centre in its turn.

In Fig. 14 we have the wave starting above a plate

with a narrow slit in it. This slit is' seen to be the centre

of a secondary hemicylindrical wave which moves down
.precisely as if the spark were located at the slit. After
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proceeding a short distance this secondary wave en-
counters a second slit, and the same thinor happens as
before, the little slice that gets through spreading out
into a complete wave, while the intercepted portion
bounces back and forth between the plates.

Fig. 15 shows the very limited extent to which sound
shadows are formed. The wave is intercepted by a small

glass plate. Just below the plate in No. 3 of the series

a gap in the wave is found, which constitutes a shadow.

UD
But presently, by diffi-action, the wave curls in, closing up
the gap and obliterating the shadow entirely. In the

last one of the series it is interesting to note how the

diffracted waves have their centres at the edges of the

obstacle, the edges acting as secondary sources, as m
the case of the diffraction of light.

The passage of a wave through a diffraction gratmg is

shown in Fig. 16. The grating is made of strips of glass
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arranged on a cylindrical surface, the wave starting at

the centre of curvature. In No. 2 of the series the union

of the secondary disturbances coming from the openings

into a new wave-front is beautifully shown. In No. 3
the reflected wavelets have converged to the centre, but
as each one is a complete hemicylinder, we see them
radiating from the centre. This form
can be constructed by describing

semicircles around points on a circle

of such radius that they all pass
through the circle's centre. These
semicircles represent secondary
wavelets starting simultaneously
from the various grating elements.

In the last three pictures of the

series the wave passes dAwn, strikes

the table, and is reflected up again,

and it is interesting to see how the

medium is broken up into meshes
by the crossing and recrossing of

the secondary waves.
Fig. 17 shows the form of the

secondary wavelets formed by the

reflection of a wave from a corrugated
surface, and is interesting in con-

nection with reflection gratings.

The formation of a musical note
by the reflection of a single pulse
from a flight of steps is shown photo-
graphed in Fig. 18. This pheno-
menon is often noticed on a still

night when walking on a stone pave-
ment alongside a picket-fence, the
sound of each footstep being reflected

from the pailings as a metallic squeak,
which Young has pointed out to be analogous to the
power of a diff'raclion grating to construct light of a
definite wave-length.

It occurred to me,, while making some geometrical
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constructions to aid in unravelling some of the com-
plicated forms reflected from surfaces of circular curva-

ture, that a very vivid idea of how these curious wave-
fronts are derived one from another
could be obtained if a complete series

could be prepared on the film of a.

cinematograph, and projected ir>

motion on a screen.

Having been unable to so control
the time-interval between the two-
sparks that a progressive series could
be taken, I adopted the simpler
method of making a large number
of geometrical constructions, and
then photographing them on a cine-

matograph film.

As a very large number of draw-
ings (100 or so) must be made if the
result is to be at all satisfactory, a
method is desirable that will reduce
the labour to a minimum. I may be
permitted to give, as an instance,
the method that I devised for build-
ing the series illustrating the reflec-

tion of a plane wave in a spherical
mirror. The construction is shown,
in Fig. 19.

ABC is the mirror, AOC the plane
wave. Around points on abc as
centres describe circles tangent to
the wave. These circles will be
enveloped by another surface, ADE,.

below the mirror (the orthogonal
surface). If we erect normals on
this surface, we have the reflected

rays, and if we measure oflf equal
distances on the normals, we have-

the reflected wave-front. By drawing the orthogonal
surface we avoid the complication of having to measure
off the distances around a corner. The orthogonal

vcvOOO
surface is an epicycloid formed by the rolling of a circle

of a diameter equal to the radius of curvature of the
mirror on the mirror's surface, and normals can be
erected by drawing the arc FG (the path of the centre of
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the generating circle), and describing circles of diameter

BE around various points on it. A line joining the point

of intersection of one of these circles with the epicycloid,

and the point of tangency with the mirror, will, when pro-

duced, give a reflected ray ; for example, JK produced

for circle described around H. The construction once

cated by dotted lines), and measure around a corner each
time.

About a hundred pictures are prepared for each series,

and the pictures then photographed separately on the
film, which, when run through the animatograph, give a
very vivid representation of the motion of the wave-front.

Three films have been prepared thusW^—

^

^^-^ far—reflection of a wave entering a
V /7^ J V ^^T^ I \.i .]] \{ \9 <^0"cave hemispherical mirror (Fig. 20) ;

X^l^l^ \^ ' 2^ VL ' J./ ^(^ • jr reflection of a spherical wave starting
"^**'''^ ^*ai—<^ in the principal focus of a concave

hemispherical mirror (Fig. ui) ; and the
reflection of a similar wave within a
complete spherical mirror (Fig. 22). A
number of these constructions, taken atO v^ v:z^ O

^^ K^ KJ KJ \J
p^ r\ r~\

\^ \J \^ \J
prepared, the series of wave-front pictures can be very

quickly made. Three or four sheets of paper are laid

under the construction, and holes are punched through
the pile by means of a pin, at equal distances along each
ray (measured from the orthogonal surface).

The centre of the mirror and the point where its axis

intervals along the film, are repro-

duced, and comparison of them with

the actual photographs shows the close

agreement between the calculated forms

and those actually obtained.

I have already mentioned the fact

that the cusps on the wave-fronts trace

out the caustic surfaces. This is

beautifully shown in Figs. 23 and 24,

where the successive fronts are seen superposed. The
former is for the reflection of a plane wave in a spherical

mirror, the latter for the reflection of a spherical wave
starting at the focus of a similar mirror. The caustic

curve is shown by a dotted line in Fig. 23, and is seen to be
traced by the cusps on the wave-fronts. The construction

shows that there is a concentration of

energy at the cusp ; consequently

we may define the cusp as a moving

f^

meets the surface are also indicated in the same manner.
The sheets are now separated, and corresponding pin-

holes are united on each sheet by a broad black line,

which represents the wave-front. After a time it becomes
necessary to consider double reflections, and to do this

we are compelled to construct twice-reflected rays (indi-
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focus, and the caustic as the sur-

face traced by it. Though I hesitate

in claiming that this relation, at once

so apparent, is at all novel, I may say that, so far as I

have been able to find, it is not brought out in any of

the text-books, caustic surfaces being invariably treated

by ray rather than by wave-front methods.

The cinematograph series illustrating reflection inside

a complete sphere was the most difficult to prepare, as
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several reflections had to be considered. It has been
completed for three reflections, and Mr. Max Mason, of

Madison, to whom I am greatly indebted for his patient

work in assisting me, is going on with the series. As
will be seen, the wave has already become quite com-
plicated, and it will be interesting to see what further

changes result after three or four more reflections. I am
also under obligations to Prof .A.. B. Porter, of Chicago,
who prepared the set of drawings illustrating the passage
of a wave out from the principal focus of a hemispherical
mirror. R. W. Wood.

NOTES.
Many friends and admirers of the late Sir William Flower

will be glad to know that a committee has been formed, with

Lord Avebury as chairman, to secure the erection of a memorial

to him. It is proposed that the memorial shall consist of a bust

and a commemorative brass tablet to be placed in the Whale

Room of the Natural History Museum—one of the departments

in which he was most interested, and to which he devoted special

care and attention. There should be a ready response to the

invitation for subscriptions to carry out this scheme, for Sir

William Flower's services to science are appreciated by every

one interested in the extension of natural knowledge. The
Natural History Museum ought not, indeed, to be without a

memorial of the man who took such an active part in its

development. Subscriptions (which must not exceed two

guineas) should be paid to Dr. P. L. Sclater, treasurer of

the Flower Memorial Fund, 3, Hanover Square, W.

In the House of Commons on Tuesday, Mr. Goschen gave

some particulars with regard to the Committee to inquire into

the boilers of her Majesty's ships. The Committee will consist

of seven members, and the president will be Vice-Admiral Sir

Compton Domvile. The other members of the Committee
already chosen are Mr. List, superintending engineer of the

Castle Company ; Mr. Bain, superintending engineer of the

Cunard Line ; Mr. Milton, chief engineer surveyor of Lloyd's

Registry of Shipping ; Prof. Kennedy, formerly professor of

engineering at University College ; and, sixthly, an engineer of

the Royal Navy holding the rank of an inspector of machinery.

The seventh P'ember of the Committee has not yet been selected.

The instructions to the Committee are :—To ascertain practi-

cally and experimentally the relative advantages and dis-

advantages of the Belleville boiler for naval purposes as com-
pared with the cylindrical boiler. To investigate the causes of

the defects which have occurred in these boilers and in the

machinery of ships fitted with them, and to report how far they

are preventable either by modifications of details or by difference

of treatment, or how far they are inherent in the system.

Also to report generally on the suitability of the pro-

pelling and auxiliary machinery fitted in recent war
vessels, and to offer any suggestions for improvement,
stating at the same time the effect as regards weight
and space of any alterations proposed. To report on the

advantages and disadvantages of the Niclausse and Babcock
and Wilcox boilers compared with the Belleville, as far as the

n:eans at the disposal of the Committee permit, and also 10

report whether any other description of boiler has sufficient

advantages over the Belleville or the other two types men-
tioned, as a boiler for large cruisers and battleships, to make
it advisable to fit it in any of her Majesty's ships for trial.

For the purpose of making direct experiments between ships

fitted with Belleville and cylindrical boilers respectively, the
Hyacinth, fitted with Belleville boilers, will be placed at the

disposal of the Committee. A cruiser of similar type fitted

with cylindrical boilers will also be placed at the disposal of
the Committee when required for the purpose of comparison.
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Mr. Goschen added that it is particularly desired that any

conclusions the Committee may arrive at should be supported

by experimental proof as far as possille, and that they should

propose any further experiments which may be considered

necessary for this purpose.

We learn from the Electrician that a prize of looo francs (40' )

is being offered by the Association des Industriels de France

contre les Accidents du Travail, 3, Rue de Lutece, Paris, for

the most efficacious insulating gloves for electrical workmen.:

They should be strong enough to resist not only the electric

pressure, but also accidental perforations by copper wires, &c.

,

and must, in addition, be easy to wear by hands of any size and

allow the workmen's fingers sufficient freedom to execute their

work. The competition is international, and competitors must

send two pairs of gloves, accompanied by an explanatory note, to-

the president of the Association before December 31, 1900.

The Association reserves to itself the right to publish descriptions

of samples submitted to it, and inventors should therefore take

the precaution of protecting their inventions previously.

A GLANCE through the addresses delivered at the meeting of

the British Medical Association held at Ipswich last week, and
published in the Britiih Medical Journal, shows that leading

members of the medical profession recognise the close relationship

between medicine and other sciences. The president, Dr.

W. A. EUiston, in an address in which he traced the develop-

ments of the science of British medicine and the evolution of

the modern physician, remarked :
" I am not unmindful of the

up-to-date requirements of general culture—of an accurate know-
ledge of anatomy, chemistry, physiology, biology, bacteriology,

pathology, physics, optics, mechanics, electricity and photo-

graphy, which are all essential to the well-educated physician ;

they are daily called into requisition in order to diagnose and

to direct the eye and hand in the treatment of disease." Similar

acknowledgment of the dependence of medicine upon other

sciences was made by Dr. Pye-Smith in his address abridged

in another part of the present number. Mr. Frederick Treves,

however, in his address on the progress of surgery during the

last hundred years, ended his remarks with a sketch of the

surgeon's place in the future, and expressed the hope that

surgery might remain a handicraft, and that before all things

the surgeon would strive to render his own hands self-sufficing,

and not trust too much to diagnoses made for him in the

laboratory. Short addresses were delivered by some of the

presidents of the thirteen sections of the Association. In the

section of pathology, Dr. E. E. Klein spoke upon bacteriology

in relation to pathology, giving as illustrations of his theme the

bacteriological work bearing upon inflammation, necrosis and
cell secretions. Dr. Howard Marsh, in his address to the

section of surgery, remarked :
" Long a mere matter of routine,

the treatment of fractures has lately felt the influence of modern
advance in other departments of surgery. The Rdntgen pro-

cess secures an accuracy of diagnosis which formerly was often

impossible." Dr. W. G. Smith made some suggestive remarks

upon the teaching of pharmacology, pointing out some of the

relationships between physiological action and chemical con-

stitution. This fascinating subject has occupied the attention

of several physiological chemists, and it offers numerous interest-

ing problems for investigation.

We learn from the Athenaeum that the 83rd Annual Meeting
of the Swiss Natural Science Society will be held at Thiisis,

Canton Grisons, from September 2-4. Three other Swiss

scientific societies—the geological, the zoological, and the

botanical—will hold their annual meetings at the same time and
place. Intending guests are asked to communicate with the

president. Dr. Lorenz, at Coire, as soon as possible. Prof.

Forel, of Merges, will lecture at the general meeting of the
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Society on chanp;es in glaciers ; Prof. Zschokke, of Basle, on

the fauna of mountain streams ; and Prof. Schardt on the

tectonic conditions on the northern slopes of the Swiss Alps.

A LENGTHY ticatise on that mysterious form of atmospheric

discharge known as "globe lightning" appears in the current

number of the Annalen der Physik. It is by Prof Max Toepler,

the inventor of the Toepler machine and the discoverer of the

stratified brush discha>-ge. After comparing all the published

records of the phenomenon, he comes to the conclusion that

the globe is a form of continuous atmospheric di-charge analogous

to the " brush arc discharge" of the laboratory. A lightning

flash leaves behind it a track of heated and possibly ionised air,

along which a slow continuous discharge passes for some time

after the flash has passed. When this continuous discharge is

strong enough, any pait of the track which has an exceptionally

high resistance may be made to glow, and the gloAf may con-

tinue for several seconds or even hilf a minute. The track miy
be blown aside by the wind or driven by electrostatic forces,

and then the globi will be seen to wander as is usually

described. It often finishes with another lightning flash, and
the thunderclap following that is described as an "explosion " of

the ball. Considering the size and duration of the globe. Prof.

Toepler estimates its current strength at something between

2 and 20 amperes. Considering that a lightning flash often

carries lo.ooo amperes, the destruction wrought by globular

lightning should be inconsiderable.

The uses of monochromatic light in optical experiments are

so numerous that considerable interest attaches to the paper, on

the means of producing such light, by MM. Charles Fabry and
A. Perot in ihQ Journalde Physique for July. After pointing out

the disadvantages of sodium light on account of the proximity

of the D lines, the authors divide the methods of producing a

beam of monochromatic light into two, viz. : (i) simplification

of a beam of white light, and (2) use of light emitted by a gas.

Under the latter method are included (a) flames ;
{b) gases or

vapours rendered luminous by electricity ; {c) induction sparks ;

and. ((/) the electric arc. In connection with (b), it is found that

the quality of the rays depends on the nature of the current ex-

citing them, and the authors consider the use of (l) a coil with

secondary condenser, (2) alternating currents, (3) continuous

currents ; of these methods the last is ihe best, though the second

is better than the first. While the results of these investigations

cannot be briefly summarised, we notice that the authors have

shown the possibility of improving the action of Michelson's

tubes, of using a modification of the mercury arc of Arons as

a source of monochromatic light of great intensity, of using

the rays of a certain number of metals for interference observa-

tions where the difference of path is considerable, and, by

measuring the wave-lengths, of adding a number of new fixed

points on the spectrum. The paper concludes with a table of

wave-lengths determined by MM. Perot and Fabry, and com-

pared with the determinations of Michelson.

Stormy and boisterous weather has occurred over the greater

part of the British Islands during the past week, and exception-

ally heavy rains have been experienced in many districts. On
August 3 a storm of unusual severity for the time of year swept

across England, and a heavy gale blew over the southern portion

of the kingdom, occasioning considerable damage on our coasts,

as well as to the fruit and corn in the inland districts. A similar

disturbance struck our west coasts on August 6, and although it

followed very much the same path as the storm of Friday it was

more erratic, both in its track and rate. The storm was heavy

again in many parts of England, and further damage to the

crops has been occasioned. The temperature has fallen- con-

siderably during the last few days, and the weather has been

cold for the time of year over the whole country, the mid-day

eadings in many places being below sixty degrees.
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The new Daily Weather Report, the issue of which was
announced in Nature of July 26 (p. 3C0), is now on sale every

day at the Meteorological Office and several railway bookstalls

in London. The attempt thus made to create an intelligent

interest in meteorological records and forecasts is one to be
encouraged, but we are afraid that the method adopted is not

very attractive. The weather charts are admirable, and in con-

nection with the statement of the general situation and the fore-

casts they are most instructive. Too much prominence could

not be given to these two pages of the Report, which ought to

find a place in the hall of every educational institution in the

country. But the tabular matter, included in the Report

is of too detailed a character to be of public interest, and the

Meteorological Council might usefully consider whether it would
not be sufficient to publish such statistical information once a

week or once a month instead of every day.

The high kite flight at Blue Hill Meteorological Observatory,

of which mention was made a few weeks ago (p. 252), was, Mr-

Lawrence Rotch informs us, exceeded on July 19. A line

of six kites reached an altitude of 15,900 feet, or three miles and
sixty feet, above the sea, which exceeds the highest point ever

reached in America by a balloon used for scientific purposes.

Prof. Hazen, of the U.S. Weather Bureau, obtained observations

in a balloon at a height of 15,400 feet in an ascent from St.

Louis in June 1887. This is the highest ascent in America

from which observations have been published. Four and three-

quarter miles of steel piano-wirewere used at Blue Hill as a flying

line. The instruments attached to the kites showed freezing

temperature at the highest point and a north-west wind with a

velocity of twenty-six miles an hour. The air was found to be

exceedingly dry.

The Proceedings of the Geologists' Association for May con-

tains an interesting paper, entitled " The Natural History of

Phosphatic Deposits," being an address delivered in February

last by the retiring President of the Association, Mr. J, J. H.
Teall, F.R.S. The phosphates of igneous rocks and mineral

veins are first discussed, and it is pointed out that apatite, the

most abundant phosphatic mineral, is the principal source from

which the phosphorus of the sedimentary rocks and of organic

bodies is derived. Attention is drawn to the points of analogy

in the vein-occurrence of apatite and tin-stone. Having shortly

described the conditions and causes which bring about the for-

mation of modern phosphatic deposits, the author passes in

review the principal occurrences of phosphates in the successive

geological formations, and concludes by stating that " from the

earliest time down to the present day, the physical and chemical

conditions under which phosphatic deposits have been formed

have remained essentially the same." A useful bibliography of

the subject is appended.

' In the Bulletin de la Classe des Sciences of the Brussels

Academy {1900, No. 4), M. Louis Dollo, curator of the Brussels

Museum, describes the new fish, Racovitzci glacialis, discovered

in the Belgian Antarctic Expedition. This is the third new
fish discovered by the party, and only one specimen was found,

and that a small one, somewhat mutilated at the caudal ex-

tremity, the length of the body, exclusive of the tail, being

82 millimetres. It was found on May 28, 1898, in lat. 71° 23' S.,

long. 87° 32' W., depth 435 metres, and is a member of the

family Trachinidae, distinguished from the genera Bathydraco,

Bembrops, Chfenichthys, Cryodraco and Gerlachea by well-

marked characteristics, which M. Dollo describes. It is, how-

ever, most nearly allied to Bathydraco and Gerlachea, and its

existence within the Antarctic Circle furnishes a fresh proof of

the frequency of the Trachinidre in the neighbourhood of th is

circle.
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A SUGGESTIVE paper on the driving energy of physico-

chemical reaction and its temperature-coefficient is contributed

to the Proceedings of the American Academy of Arts and

Sciences, xxxv. 23, by Prof. Theodore William Richards, in

which the author, starting with the close similarity between the

equations of Clausius and van 't H off, dYn.PldT=\IRT^ and

d\aK'IJT= UlRT^i points out the advantages, previously recog-

nised by Arrhenius, of regarding pressure to be the fundamental

quantity which determines the progress of chemical reactions,

as this aspect aff'ords a more direct method of analysis than

the study of volume, concentration or entropy. An expression

called the "reaction met.atherm" is evolved, which represents

in terms of pressure the temperature-coefficient of the equilibrium

ratio of ideal physico-chemical reaction. The equation obtained

is the mathematical expreision of the theorem of Maupertuis or

Le Chatelier, and when analysed it shows that the part played

by each substance in a reaction miy be considered as the

logarithm of the product of its " physico-chemical potential

"

and its actually present pressure. The reaction metatherm may
be simplified into a reaction-isobar and a reaction-isochor, ac-

cording as the pressure or volume is kept constant during the

reaction. While, however, the reaction-isobar offers the most

convenient basis for calculations to which it is applicable, results

under constant volume are more conveniently calculated if the

reacting substances are expressed in terms of concentration

according to the equation of van 't Hoff.

THEiconogr.iphy and anthropology of the Irano-Indi.ins is the

subject of a recent study by M. Ujfalvy in the current volume

of rAnthropologie. He concludes that the ancient Persians had

a narrow-faced, dolichocephalic, somewhat flattened head re-

sembling that of the ancient Hindus. They were all fair or

reddish, and closely resembled the Macedonians of Alexander.

It is impossible to say whether this was the primitive Persian

type ; at all events, it was their well-characterised type six cen-

turies before our era. Two centuries later the typa began to be

slightly modified. This took place in the interval between the

decline of the dynasty of the Achemanides (328 B.C.) and the

rise of that of the Sassanides (240 a.d. ). This alteration was

probably due to the Semites of Elam and Syria, and to the

Turanians of Babylon. The former influence did not affect the

dolichocephaly, but it slightly increased the height of the head,

and modified the nose considerably. The latter influence

shortened the head, and but slightly modified the face. The
Sassanide warriors exhibited the new complex type. At the

close of the Sassanide period the Arabs reinforced the Semitic

characters. M. Ujfalvy accepts and reinforces Houssay's dictum

that, in a mixture of Aryans with Mongols or Mongoloids, the

latter lose their facial characters, flattening of the nose, promi-

nence of the cheek-bones, absence or sparseness of the beard ;

but, in exchange, they impose the shape of their skull on the

former.

Messrs. Swift and Sox have just patented a very handy

little electric lamp for microscopic purposes. The lamp—

a

16 candle-power one—is enclosed in a metal cylinder, the inner

surface of which is painted white. The light makes its exit

through a circular aperture in the side of the cylinder near its

free end ; the end is closed by a plate set at an angle of 45'

and painted white, so as to reflect the light through the circular

aperture. The light thus does not pass direct from the

incandescent carbon filament to the mirror of the microscope,

but is reflected from the white walls of the cylinder. In this

way a very even illumination is obtained, which is more uniform

than that obtained from the average ground glass lamp. While,

however, the light given by this lamp is admirably suited for

the ordinary powers such as are attached to the average student's

microscope, it is, in our opinion, neither powerful enough nor

white enough for high-power work, this being a defect common
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to all electric microscope lamps. Where in addition a lamp is

required for dissection purposes, as is so often the case, the

direct light of the ordinary type of electric lamp will be found

more suitable. This lamp is very compact and steady, and its

movements, especially those about its horizontal axis, are parti-

cularly easy and steady.

The Botanical Museum of Florence has recently received a

donation of considerable interest in connection with the history

of botany in Italy, viz. the collections made by Micheli, by

Bruno Tozzi, and by G. Targioni-Tozzetti in the i8th century,

including the type-specimens of species named by these and

other eminent botanists. The donation includes also Micheli's

and Targioni-Tozzetti's collections of sea-weeds.

In No. 4 of vol. xxi. of Notes from the Leyden Museum,

Dr. J. BlUtikofer, the director of the Zoological Garden at

Rotterdam, records the birds collected by the Dutch expedition

to Central Borneo. Testimony is borne to the thoroughness of

the work of the English naturalists, the late Messrs. Everett and

Whitehead, and Mr. Charles Hose, by the fact that the author

has not been able to add a single new species to the avian moun-

tain fauna of the island. Dr. Buttikofer comes to the conclusion

that both the mammalian and the avian faunas of Borneo are

remarkably homogeneous, especially so far as the lowlands and

the mountain bases up to an elevation of about 1000 metres are

concerned. In vol. ii. No. i of the same serial, Mr. M. C.

Piepers defends his theory of the evolution of colour in Lepi-

doptera, as explained at the recent Zoological Congress at

Cambridge, against the criticisms of Miss Newbiggin and Dr.

von Linden.

In Nature Notes for August the Selborne Society refers to

the urgent need of a crusade against pigeon-shooting.

The M3. of the second volume of the late Dr. Stark's " Birds

of South Africa " has been found amongst the papers of the

deceased naturalist, who was killed at Ladysmith during the

siege. It has been revised for the press by Mr. W, L. Sclater,

director of the South African Museum, Cape Town, and will be

shortly published by Mr. R. H. Porter. It will form part of

Mr. Sclater's series of volumes on the fauna of South Africa.

The report of the Zoological Garden of Calcutta for the year

1898-99, which has recently been received in this country,

gives a favourable impression of the present condition and

prospects of this establishment, drawn up by Lieut. -Colonel

P. A. Buckland, the honorary secretary and treasurer. The

superintendent of the Calcutta Garden, Babu R. B. Sanyal,

who represented that Institution at the International Congress

of Zoology at Cambridge in August 1898, contributes to this

report an interesting account of his experiences at the Cambridge

meeting, and of his observations on many of the zoological

gardens of Europe, which he took the opportunity of visiting on

the same occasion.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey {Macacus cynomolgus)

from India, presented by Mr. T. Forsyth Forrest ; a Diana

Monkey {Cercopithecus diana) from West Africa, presented by

Mr. W. Cleaver ; two Greater Vasa Parrots [Corcuopsis vasa)

from Madagascar, presented by Mr. G.»Barfoot ; a Silky Cow-

bird [Mohthrus bonariensis) from South America, presented by

Mr. F. Willes ; seven Algerian Skinks {Eumeces algeriensis), a

Spiny-tailed Masligure {Uromastix acantkinurus) horn North

Africa, presented by Mr. G. H. Fernan ; a Common Viper

( Fiper berus), British, presented by Mr. Alfred Cooper ;
a

Green Lizard {Lacerta viridis), a Dohl's Snake {Zamenis dahti),

European ; two Smkts {Coluber prasinus) from Upper Burmah,

deposited; two Ring-necked Pheasants (Phasianus torguattts).
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two Gold Pheasants {Thaumalea picta) from China, a Pheasant

(Phasianus cokhicus), five Barn Owls (Strix flaminea), British,

purchased; a Japanese Deer (Cerviis sika), born in the

Gardens.

OUR ASTRONOMICAL COLUMN.
Comet Borrelly-Brooks (1900 i5).— Several observations

of this comet are announced. The comet is at present easily seen

with a small telescope, but is becoming fainter.

Ephemeris for 12/1. Berlin Mean Tune.

1900. R.A. Decl. Br.

Aug. 9
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teleutospores of the Puccinia stage hibernate and in the follow-

ing spring germinate, producing secondary spores (also known
,is sporidia), which infect barberry foliage and give rise there to

the Aecidium stage with its aecidiospores ; aecidiospores do not

infect barberry again, but on Gramineae produce the uredospore

i* !•"•• I.— IMack rust of oats (Puccinia graminis, spec, form ATrnac). a, leaf,

and /', cluster of fruits of barberry with Aecidium herberidis (nat. size)

c, leaf, and d, a spikelet of oat with Uredo stage (nat. size) ; e, uredo
spores ( X 500) ;

y", sheath of oat with Puccinia stage (nat. size)

g, teleutospores ( X 500). (J. Eriksson.)

stage, thus completing the cycle. Accompanying the aecidium-
cups there occurs constantly a form of reproduction, the spermo-
gonia, which gives off spermatia or spore-bodies whose function
neither De Bary, nor any one since, has been able to determine.

These results had an important and direct bearing on rust-

epidemics of cereals, and they gave an impetus to further

research on the biology of the whole group of rust-fungi or

Uredineae, and, in fact, of all other parasitic fungi. In 1889,
twenty-five years after De Bary's first results, both Plowright
{loc. cit., p. 56) and Rostrup published a list of fifty heterrecious

rust-fungi. Recently, Dietel (Engler's " Pflanzenfamilien ")

gave about a hundred cases, including species outside the
Uredineae. Works like Plowright's "British Uredineoe" are
the evidence of this impulse, and a perusal of current botanical

periodicals shows that the subject is by no means exhausted.
Ten years ago, three species of rusts occurring on crops of

cereals were recognised :

(i) Puccinia graminis, with its Aecidium stage on barberry
and mahonia ; its uredospore and teleutospore stages on wheat,
barley, oats, rye, and about a hundred species of grasses (see

Fig- I).

(2) Puccinia rubigo-vera, with Aecidium on many species of
Boragineae ; uredospores and teleutospores on wheat, rye, and
a number of grasses (see Fig. 2). A variety, j/w/Z^jr, was dis-

tinguished on barley.

(3) Puccinia coronata, with Aecidium on species of buckthorn
{Rhamnus) ; uredospores and teleutospores on oats and several
grasses.

The four important European cereal-crops were thus known
to have each two forms of rust-fungi, distinguished in their
external characters, and with distinct Aecidium host-plants.

Yet it was by no means certain that epidemics of rust were
fully traced out. Fortunately the economic importance of
rust-epidemics was enough to enforce attention from State
departments, notably in Sweden, United States of America,
Australasia, and in various parts of Europe and other coun-
tries. In Biitain, while good work has been and is still done on
rust-fungi, there has, in recent times, been no specially organised
research relating to cereal rusts, probably because recent
developments on the subject have rendered a research too exten-
sive for the resnurces of any but workers specially retained and
remunerated. The investigations on rusts of cereals reviewed
here are mainly the outcome of State-aided research.

In Sweden, the Government in 1890 offered ten thousand kroner
(about 560/.) to the Royal Swedish Academy of Agriculture
for an investigation on rust of wheat, &c., intended, at first, to

extend over three years, but which has been continued up till

now. The grant was placed under the control of Jakob
Eriksson, now professor of vegetable physiology at the experi-
mental station of Albano, near Stockholm. The experiments
were started in 1890 ; the first important results of Eriksson
and his co-worker, E. Henning, appeared in 1894 {Zeitsch. f.

Fflanzenkrankheilen, iv. 1894, pp. 66, &c.), and as a bulky
volume in 1896 ("Die Getreiderost," Stockholm, 1896; 463
pp. and 14 plates). Other contributions, and re-statements of
lormer work, have been made by Eriksson in almost every
existing botanical periodical. The present summary is based
chiefly on the latest re-statement {Kevue ght. d. Sciences, ii.

January 15, I9CX3, pp. 30-39), with aid from other papers.'
In Eriksson's experiments test-plants of cereals were grown

from seed, or young plants from the open were transferred

into pots. The soil used was generally sterilised. After
inoculation with rust the plants were watered with distilled

water, placed under large glass bell-jars moistened with distilled

water, and left undisturbed for twenty-four hours in glass-houses
specially constructed for the experiments. After this, observa-
tions were made at frequent intervals. The main lines of
investigation were : (i) to define the species which cause rusts

of cereals and grasses, and to trace their life-history
; (2) the

propagation of the rusts ; (3) germination and vitality of the
various forms of spores.

According to Eriksson's results, the three species and one
variety of rusts attacking cereals and grasses as recognised in

1890 really represent twelve species and many subdivisions.

His list is as follows, but the less important host-plants amongst
the grasses are omitted :

—

Species l. Puccinia graminis. Pers. (Black Rust), with
Aecidium herberidis. Specialised form ( i ) Secalis, on Secale cereale

(Rye), Hordeum vulgare {Ba.x\ty), H. jubdtum, Triticum repens,
T. caninum, &c., Elymus arenanus, and Btomits secalinus.

(2) Avenae, on Avena saliva (Oat), A. elatior, &c., Dactylis

1 J. Eriksson : Ber. d. deutsch. boian. Gcss., 1B94, p. apa ; 1897, p. 183.
Jahrbuch f. 7viss. Botanik, xxix. 1896. Botan. Centralflatt, Ixxii. 1897,
pp. 321-5 and 354-62. Centralblatt f. Bakter. u. Parasitenkunde, Abt. ii.

1897, pp. 291-308.
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glomerata, Alopecurus pratensis,%LQ.. (see Fig. i). (3) Tritici,on

Triticum vulgare (Wheat). (4) Airae, on Aira caespitosa.

(S) AgrosHs, on Agrostis stolonifera, &c. (6) Poae, on Poa
compressa and P. caesia.

2. Puce. Phlei-pratensis, Er. at Hen., Aecidium unknown.

On Phleum pratense and Festuca elatior.

3. Puce, glumarum (Schm.), Er et Hen. (Yellow Rust),

Aecidium unknown. Sp. form (l) Tritici, on Wheat (see

Fig. 2). (2) Seeahs, on Rye. (3) Hordei, on Barley. (4)

Elymi, on Elymus arenarius. (5) Agropyri, on Triticum

tepens.

4. Puce, dispera, Er. (Brown Rust of Rye), with Aecidium
Aiuhusae. On Rye.

5. Puce, triiicina, Er. (Brown Rust of Wheat), Aecidium
unknown. On Wheats

—

Triticum vulgare, eompacfum, spelta,

and dicoccum.

6. Puce. broinina,'Ex., Aecidium Mvikviovin. On many species

of Bramus.

wm
:ii«

%

11 w'

III

mi

iilif

Fig 2.—Yellow rust of wheat (/^7Cfc/«/W ^/«;«rt;ricw, spec, form Triticiy^

a, leaf (nat. size), i^, outer glume (x 2), and c, a grain (x 2), bearing
the Uredo stage ; r/, uredospore ( X 375) ; e, sheath bearing Puccinia
stage ( X 2); /, a healthy grain, and g; a rusted grain (both X 2) ;

7i, teleutospore (x 500). (J. Eriksson 1

7. Puce, agropyrina, 'Ex., Aecidium unknown. On Triticum
repens.

8. Pucc.hokina,YjX., Aecidiu7n\yci}^r^oviVi. OnHolctis lanatus,

and H. mollis.

9. Puce. Triseti, Er., Aecidium unknown. On Trisetuni

Jlaveseens.

10. Puce, sifiiplex (Kleb.), Er. et Hen., Aecidium unknown.
On Barley.

11. Puce, coronifera, Kleb., with Aecidium Catharticae. Sp.
form (i) Avenae, on Oat. (2) Alopecuri, on Alopecurus pra-
tensis, &c. (3) Festucae, on Festuca elatior. (4) Lolii, on
Lolium perenne. (5) Glyceriae, on Glyceria aquatica. (6)
Hold, on Holcus lanatus and Z^. tnollis.

12. /'«ft:.6-(?r^Ma/a(Corda),Kleb. (Crown Rust), with .<4^«(//«w

Frangulae. Sp. form (i) Calamagrostis, on Calamagrostis
ariindinacea, &c. (2) Phalaridis, on Phalaris arundinacea.

(3) Agrostis, on Agrostis stolonifera, &c. (4) Agropyri, on
Triticum repens. (5) Hold, on Holcus lanatus and .^. tnollis.
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Comparing these species with those known in 1890, Puccinia
graminis is now divided into Eriksson's i and 2 ; Puccinia ruhigo-
vera into species 3 to 9 : the variety simplex is now the species

10; and Puccinia corotiala is divided into li and 12.

The species are distinguished by characters of uredospore and
teleutospore, and by the host-plants of the Aecidium, where
known. A species may be subdivided into " specialised forms,"
which agree in all external characters with the species, but form
(i) is tied to one or more species of host, and its uredospores
will not infect the hosts of forms (2), (3), &c. Thus Puccinia
graminis has a specialised form confined to wheat, one to oat,

and a third which attacks both rye and barley. The occurrence
of the Aecidium on the same host, e.g. that of Puccinia graminis
on barberry, might seem to afford a stepping-stone between
specialised forms; yet Eriksson says definitely that, for example,
in the form Avenae " the form of Aecidium on barberry which
gives black rust on oat can infect oat only." It may be men-
tioned that specialised forms are not peculiar to the rusts of

Gramineae. Klebahn in a recent paper (H. Klebahn, " Ueber
den gegenwartigen Stand der Biologic der Rostpilze," Botan.
Zeitung, 1898, pp. 145-58) gives a list of heteroecious fungi,

which show subdivision into "biological species" or "species
sorores," forms identical with or only slightly different from
those indicated by Eriksson'stermof specialised forms. Klebahn
has also an interesting discussion on the nature of these forms of

parasitic fungi, and joins issue with many of Eriksson's results.

Carleton {loc. cit.) carried out a long series of experiments for

the United States Department of Agriculture. The procedure
was almost identical with that of Eriksson, and the results gen-

erally support the Swedish observations. Carleton distinguishes

the following species and forms^on cereals :

—

Orange leaf rust of wheat, Puccinia tubigo-vera tritici;

identical, or almost so, with Eriksson's Puccinia triticina.

Orange leaf rust of rye, P. rubigo-vera secalis ; either

Eriksson's P. glumarum secalis or P. dispersa.

Crown rust of oats, P.coronata,Coxda.; Eriksson's P. coronifera,

Kleb.
Black stem rust of wheat and barley ; P. graminis tritici,

Er. et Hen.

,, ,, ,, rye, P. graminis secalis, Er. et Hen.
,, ,, ,, oats, P. graminis avenae, Er. et Hen.

The American results differ from the Swedish in two import-

ant points :

—

(i) Whereas Puccinia glutnarum tritici is the most destruc-

tive rust throughout Europe, it does not seem to occur in

America, where the common rust on wheat is Puccinia rubigo-

vera triticit

(2) The specialised form Puccinia graminis tritici in America
appears to infect, not only wheat, but also barley ; this is not the

case in Sweden.
These differences indicate that the rust of wheat or other

cereal in one country may not be the same as that in another
;

and that specialised forms are variable. Eriksson distinguishes

degrees of specialisation and classifies the forms thus: (la)

Forms restricted to one species of host, or to several species of a

genus, e.g. species 4, 8, and i (5) in the above list. {\b) Forms
occurring on hosts belonging to different genera, e.g. species

1(1) and I (2) in list.

(2) Forms, which, under certain conditions of environment,
are less fixed in regard to their hosts ; thus, until recently,

Eriksson included species 4, 5, 6, 7 as forms of one species,

Puccinia dispersa, and it is still doubtful whether they are

distinct enough in their external characters to be regarded as

species

Further experiments are necessary to clear up many points

regarding the distribution of species of rust. Yet the practical

bearing of the results is evident. For example, wheat cannot

now be regarded as subject to infection from any cereal or

grass showing rust, but only from those which are host- plants

of the species or specialised forms peculiar to wheat ; thus a

comparison i"rom the above lists shows that no rust from oats

has been found to infect wheat. The theoretical bearing of

biological species or forms in relation to the classification and
phylogeny of fungi is also of the deepest interest.

The propagation of the rusts of cereals has, in the hands of

recent investigators, assumed new aspects. The life-cycle of

Puccinia gratninis as defined by De Bary, and already given

above, is the one generally described in text-books. Many
observers, however, have doubted whether this, the perfect

life-history, is always followed entirely. Strong objections of
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this kind are given by Worthington G. Smith i^loc. cit.), al-

though at the time (1884) these were raised, the imperfect

knowledge regarding the species of rust-fungi somewhat
weakens the arguments at the present time. Yet Eriksson,

Carleton, and other recent workers show even greater opposi-

tion. We are told that rust is a serious epidemic amongst
wheat in Australia where there are no native barberries ; in

India an undoubted black rust {Puccinia graminis) occurs on
wheat where there are no barberries nearer than 300 miles off

in the Himalayas. More conclusive is Eriksson's observation of

aecidium-cups on a barberry, yet the rust could only be traced

on rye, barley, and couch-grass to a distance from 10 to 25
metres ; or, again, tufts of Festtua elatior were found with ure-

dospores of Puccinia coronifera, while across a road there was
a hedge of Rhamnus almost free from the aecidial stage, yet

easily infected by means of teleutospores from the grass trans-

ferred to it by hand. These observations appear to show,
firstly, that the aecidial stage is not necessary in the life-history

of rust of cereals ; secondly, that the range of infection by
aecidiospores, or the reverse, is not great. What then remains
is one of the following possibilities: (l) The mycelium can
hibernate and resume activity in the following spring ; (2) the

fungus is carried over to a new season by the seed-grain, either

through adherent spores, or in some form internally ; (3) the

uredospores can hibernate ; (4) the teleutospores can infect other
Graviineae. In reviewing these we can only give a few of the

leading points relating to cereals.

It is unlikely that the mycelium hibernates in the dead
remains of grasses, because it must then be capable of living as

a saprophyte for a short time in spring when it awakens to

activity ; this has not yet been proved. If, however, one
e.\amines the undergrowth of an area of grass in winter,

green shoots are generally present ; the mycelium may winter
here. Vet grain-crops are never sown except on ploughed land,

and there is no good evidence to show that epidemics of rust,

extending over whole acres, are propagated altogether from
patches of wild grass. Uredospores adhere to the grain of rusted
cereals, and there is a fair amount of evidence to show that
these may assist the fungus through the winter. In the
United States, Carleton believes that the uredospores of the
orange leaf rust of wheat and rye are produced and can ger-
minate late in the autumn, and so infect the sprouted autumn-
sown crop for next year. Eriksson, on the other hand, has
failed to discover that any one of the rusts of wheat lives all

round the year in the Uredo stage in Sweden, although Sorauer
states that in Germany the Uiedo mycelium of Puccinia riibigo-

vera hibernates without injury. There is thus a possibility that
the uredospore stage may transmit a rust from year to year.

This is more probable if the climate be suited to prolong the
growth of grasses late into autumn or early winter, and if the
specialised form of rust has more than one host- plant ; if it

occurs only on one cereal, it seems improbable that enough stray
plants are present after harvest to account for a widespread re-

appearance of rust in the succeeding year. Whether uredo-
spores adhering to straw or grain can survive the winter and
germinate has not yet been made quite clear. In laboratory
experiments it has been observed that uredospores frequently
exhibit deferred germination. After being soaked in water, only
a small percentage may produce germ-tubes. Eriksson and
others have observed that if the dormant spores are cooled in ice,

a further proportion are induced to germinate. Klebahn states
that the greater number of all forms of spore germinate if placed
on a suitable host-plant ; he believes that the proportion which
do not germinate at once, do so gradually later on, and sees in
this an adaptation for preservation of the race.

The teleutospores ol the rusts of cereals have, as a rule, proved
incapable of infecting cereals or grases, the aecidium stage must
intervene. There is, however, the objection that observations
can only be made under more or less artificial conditions in
laboratory or green-house, and may not fulfil all the conditions
of infection out-of-doors. Plowright recorded an instance of
infection of cereals from the teleutospores of Puccinia graminis
(Gardeners' Chronicle, August 19, 1882), but gives no special
prominence to it in his '* British Uredinea; " (1889). Indirectly
certain facts lead one to suppose that teleutospores may have the
power to reproduce other stages in the life-history than the
aecidium. A rust-fungus of the group Leptopuccinia (e.g. Puc-
cinia ina/vacearu-n on mallow and hollyhock) produces only
teleutospores ; these give rise to sporidia, which re-infect the
mallow, and form the mycelium from which a new crop of teleuto-
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spores arises. Many forms of rust-fungi have only teleutospores
and uredospores on the same host : for instance, in Eriksson's
list many of the forms have no Aecidium ; either the hosts of
this stage remain to be discovered, or the teleutospore produc-
tion is fruitless, or the teleutospores are capable of bringing
about infection of the cereal or grass host. Species like Pucci-
nia suaveolens on thistles have all the forms of spore on one
host-plant except aecidiospores, which are unknown ; here the
teleutospores must, after hil^ernation, bring about re-infection of
the host. The existence of rust- fungi producing all the forms of
spore on one host, shows that two hosts are not necessary for the
development of the aecidium stage, and suggests that hetercecism
may be a later development in the history of the group. It is

also noteworthy that the teleutospore is produced by all rust-
fungi, with very few exceptions. It is therefore not improbable
that the teleutospores of hetercecious rust-fungi may still, through
their sporidia, retain the power of infecting the host on which
they are produced ; in other words, that heteroecism may be
facultative.

In investigating the germinative power of teleutospores,
Eriksson finds the general opinion, that teleutospores must
hibernate, to be true only to a certain degree. As a rule, they do
not germinate unless they have passed the winter exposed to all

the changes of weather out-of-doors. Spores collected in autumn
and kept indoors soon lose the power of germination ; hence
his conclusion that rusted straw housed in barns will not be in a
condition to propagate the disease next spring. In the case of
spores left out-of-doors, the germinative power decreases rapidly
during the year after their formation, and in October they no
longer germinate. There is one exception, teleutospores of
Puccinia graminis tritici have a feeble power of germination
after two winters. On the other hand, Eriksson finds that cer-

tain teleutospores (e.g. Puccinia dispersa and P. ghimartim
tritici) can germinate in the year of their formation ; in the
case of the former species, aecidia were produced on Anchusa in

a short time ; in the latter form the host of the aecidia is un-
known. Plowright states that a bundle of rusted wheat straw
laid near ^\^ia\.% oi Anchusa in August 1885 produced aecidia
in September.

Eriksson, after all his experiments, professes to be at a loss to

account for epidemics of rust on cereals year after year by ex-
ternal contagion alone, and he adopts the view that infection is

due to an internal germ. He thus introduces an agent for the
propagation of parasitic fungi which has hitherto been received
very sceptically by the plant-pathologist. His conclusion is the
result both of experiment and examination with the microscope.
In the experiments, varieties of cereals were used which are
known to be specially liable to rust. Vigorous shoots were taken
out-of-doors in spring, and enclosed in long glass tubes with
the open ends closed with cotton wool. Seeds were also

germinated in sterilised soil and kept in culture boxes, with pre-

cautions against entrance of spores by stuffing the ventilators

with cotton wool. At first the results were negative, but after

(in some way) improving the methods, the test-plants showed
rust, especially those shoots taken from out-of-doors. Examina-
tion with the microscope failed to reveal any mycelium or other

traces of the fungus until a few days before appearance of the

rust externally. At this time, however, with the aid of staining

reagents, certain protoplasmic bodies were observed in the green
cells near the margin of a rust- patch. These plaslids occur
solitary or in masses in a cell ; they are oblong or slightly

curved, simple or somewhat branched, and recall the form of

bacteroids found in root-tubercles of the Leguininosae. In a
short time the branch-processes pierce the cell-vvall of the host,

and develop outside the cell into an intercellular mycelium,
part of the original plastid' remaining inside the cell as the first

haustorium or sucker. Soon after this a rust-pustule appears on
the exterior of the host. The plastid is regarded as having
passed a period mingled with the cytoplasm of the host "in a

kind of symbiosis," till in response to external conditions— nu-
trition, moisture, heat and light—the " mycoplasm " becomes
separated from the cytoplasm, and assumes the form of a plastid.

The mycoplasm has its origin from the rust-fungus in the parent

host-plant, it becomes located in the embryo of the grain, de-

velops apace with the young plant, and so bridges the period

between one crop and the next; The following general facts

are said to support this mycoplasm theory : (i) The appearance
of rust on plants carefully isolated from contagion ; (2) the

disease in a field appears regularly four to five weeks after sow-
ing the grain of certain varieties of wheat and barley known to
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be very liable to yellow rust ; (3) this rust is always more
prevalent in sunny parts of the field.

A hypothesis so revolurionary is not likely to be adopted by
a cautious fungologist without further evidence. At present,

as far as we know, no figures illustrating the development of

the mycelium have been published, nor can we obtain details

of the staining methods adopted. Klebahn {he. cit.) has entered
his protest to the theory, chiefly, however, in general terms. In
regard to the prevalence of rust in sunny parts of a field, he
points cut that Eriksson's own results confirm the fact that

dormant spores are induced to germinate by alternate cooling
and heating, drought and moisture ; just the conditions to be
expected in early summer in sunny parts rather than in shaded
parts of a field. Klebahn also supports the view that spores of
rusts are capable of wider distribution than Eriksson's results

show ; for instance, they have been found in analyses of air.

We may recall, in support of this, Robert Hartig's observation
in the Tyrol, when, after showers of rain, a yellow dust, coating
objects in the neighbourhood, was found to consist almost
entirely of the yellow spores of a rust-fungus, Chrysomyxa
(" Diseases of Plants," Tubeuf and Smith, London, 1897, p. 54).
If it be the case, as Eriksson says, that certain rusts of cereals

appear regularly in four or five weeks, it seems quite as likely

to indicate external infection of young plants at a certain stage
in their existence, as to support the theory of an internal germ.
The Swedish experiments in isolating test-plants from con-
tagion have been repeated in America by Bolley.' Young
plants of cereals growing amongst others in a field were enclosed
in rust-proof cases ; they grew to maturity without showing any
rust, although plants left unenclosed were much attacked. The
results are quite negative.

Recent investigations have been directed towards advancing
our knowledge regarding the varieties of cereals suited to resist

the various forms of rust. Carleton,- whose work was aimed in

this direction, summarises our general knowledge thus: "as
yet there is but little certainty concerning rust resistance, which
varies continually under different conditions. Heretofore, in

testing varieties for rust resistance, little attention has been
paid to the species of rust concerned." For our own part, we
feel that our ability in combating the diseases of plants would
be greatly strengthened by searching investigations towards
attaining disease-proof varieties. A certain amount has been
done, much more must yet be done. The results hold good for

only small areas of the earth, and there must be thorough and
systematic research in many countiies before any definite con-
clusion be arrived at. From a practical point of view the
combating of rusts of cereals, and diseases of plants generally,
seems likely to be solved sooner in this way than by investiga-
tions on the complex conditions of life amongst the rust-fungi.

One cannot but feel that the long recent researches have added
to what we knew only minor details of practical importance,
although they have opened new vistas of the deepest interest to

the fungologist ; the outstanding lesson is the close dependence
of the fungi on their environment, and the complexity thereby
introduced into the study of diseases of plants.

William G. Smith.

MEDICINE AS A SCIENCE AND MEDICINE
AS AN ART?

T T has sometimes been disputed whether medicine should be
regarded as a science or an art, but there is no doubt that

the original meaning of the term medicine, in English and in

other languages, is the Art of Healing. Medicine is so defined
by Aristotle, and it has all the characters of an art. It depends
Upon experience and skill ; it deals with individual cases ; and
the perfection it aims at is practical, not speculative : the know-
ledge how to do, not the knowledge how things happen.

Nevertheless, as practical navigation is founded on astronomy,
meteorology and physics ; as the art of agriculture rests on
botany, geology and vegetable physiology, so the art of medicine
depends on the science of pathology, the practice of physic on
the principles of physic.

1 Centralhlatt f. Bakt. u. Parasitenkunde, Abt. II., vol. iv., 1898, pp.
855-9, 889-96, 913-9 (6 figs.). Also Proc. Amer. Ass. Adv. Science, 1898,
p. 408 (the limits of this paper prevent a longer reference to this research).

^ Loc. cil., p. 69.
S Abstract of the Address in Medicine delivered before the British Medical

Association at Ipswich, on August i, by Dr. P. H. Pye-Smith, F.R.S.
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On the one hand, then, we must never forget that we practice

an art ; we must never allow theories, or even what appears to

be logical deduction, or explanations, however ingenious, or

statistics, however apparently conclusive, or authority, however
venerable, to take the place of the one touchstone of practical

medicine, observation and experience. We must never treat the
disease without considering the patient, for the art of healing is

the art of healing individually ; nor need we wonder if profound
learning and the best scientific training sometimes fail to make a
successful practitioner. For beside adequate knowledge to save
us from gross blunders, and a strenuous endeavour to do your
best for each individual patient, however uninteresting the case
or however irksome and unrewarded our toil—beside these first

requisites for our art, there is ample room for those personal
qualities which ensure success in every department of life ; for

power of observation and insight, for the personal influence by
which a strong character will secure obedience and inspire hope,
for the judgment which divines what kind of remedies are suited

to each patient, what kind and of what strength, and for the
sympathy which puts one in the patient's place, and not only
meets, but anticipates his wants.

On the other hand, however, if medical science without art is

inefficient, medical art without science is not only unprogressive,

but almost inevitably becomes quackery. As soon as we treat

our patients by rule of thumb, by tradition, by dogmas, or by
metaphysical axioms, we do injury to ourselves as well as to

them. The bone-setter who is ignorant of anatomy ; the wise
woman, who cures by charm, are not more irrational or less

succes>ful than was the physician of the seventeenth century
who, in obedience to the doctrine of signatures, advised an
infusion of roses for hcemorrhage, and saffron for jaundice, and
lung- wort for consumption ; or the astrologer who prescribed

salts of silver, of iron, copper, lead, or mercury in accordance
with the horoscope of the patient and the planet under which he
was born. ^ Not less mischievous, and in the true sense of the

word unscientific, were the systems of medicine known as the

latromechanical and the latrochemical, which in their turn had
their vogue. The Biunonian .system, explaining all diseases as

due to laxity of fibre, was no better ; for indiscriminate use of

"corroborants," or as they would now be called "tonics," is

irrational. There is no such thing as a tonic or strengthening

medicine, the only source of strength is oxidisable food, and
bitter medicines only give strength indirectly by improving
appetite. The last of the systems of medicine founded on a

dogma is homoeopathy, of which the theoretical absurdity is

somewhat concealed by the more obvious nonsense of infini-

tesimal doses. It, like the other systems which preceded it,

is not a rival to rational medicine ; they are not mistaken
answers to a legitimate question, but attempted solutions of a

problem which does not exist, attempted answers to a riddle

which has none.

Apart from these exploded systems of treatment, our pro-

fession has often suffered from lack of the scientific, inquiring,

sceptical spirit, and has often been led too easily by authority,

by tfadition, and by fashion. The reckless abuse of venesection

in the last century and the former half of this led to alniost

complete disuse of a valuable means of treatment ; the misuse

of mercury in the treatment of syphilis led to the denial of its

unquestionable efficacy ; have we not seen the value of stimu-

lants with fever lead to their indiscriminate use in almost

every ailment? Has not the immense value of careful and
thorough nursing led to its absurd exaltation to an independent

place, as if good nursing was anything more than an intelligent

carrying out of the physician's directions ? Has not the re-

markable powers of electrical stimuli led to a blind, unscientific

and mischievous employment of this remedy, as if it had some
mystic power apart Irom its demonstrable physiological effects ?

May we not say the same of hydropathy, of massage and of

hypnotism ? It is significant that the irrational exaltation of

any of these particular modes of treatment into a panacea,

while it begins in want of scientific intelligence invariably ends

in imposture and deceit. Our only safeguard against the spirit

of quackery and the deserved loss of public confidence in the

© i) <J ^ 7/ 9 h
1 Sol Luna Mars Mecurius Jupiter Venus Saturnus
Au Ag Fe Hg Sn Cu Pb

Sunday Mon-day Mardi Mercredi Thors-day Vendredi Saturday

These relations of metals to the planets, and also to the days of the

week, are commemorated in the phrases :

—

lunar caiistic, martial disposi-

tion, mercurial temperament, B before a prescription, Cuprum a Cypro
{divapotevs Cypri) and saturnim gout.
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profession which it brings with it, is continued recurrence to

the scientific basis on which the practice of medicine rests.

Our art is most satisfactory and efficient when most closely

resting on science. The surgeon is continually guided by
anatomy and mechanics in dealing with injuries and deformi-

ties. The physician is often able to apply his knowledge of

chemistry and natural history to the direct and satisfactory

treatment of disease. In general, medical science justifies its

claim to the title by the same conclusive argument as astronomy
or chemistr}'—by its predictions coming true. In particular,

the detection and treatment of plumbism, the diagnosis and
cure of scabies and ringworm, the treatment of poisons by
chemical antidotes, and of specific diseases by attenuated

inoculations are all instances of strictly scientific medicine.

Nor can I refrain from citing the most recent and one of the

most remarkable advances of our science in the discovery of

the origin of malaria. This heavy tax upon national as well

as individual vigour and happiness has been known and treated

from the dawn of medicine ; but although by a happy accident

its efficient treatment was discovered, it is only lately that, by
the combined labours of scientific physicians—Frenchmen,
Italians, and our own countrymen—the origin of the disease

has been discovered, the mode of its transmission traced, the

diagnosis of its several forms established, and its prevention

brought within reasonable hope.

We know that treatment of symptoms without a diagnosis

is always unsatisfactory, and frequently worse ; but we know also

that diagnosis must rest upon accurate knowledge of morbid
anatomy, and of the natural history of the disease. Scientific

medicine based on observation and experiment is always practical

as well ; but empirical medicine, whether based upon fanciful

speculation or working by blind rule of thumb, is the most
unpractical thing that can be.

Preventive Medicine and Aetiology.—That important and
constantly-growing branch of medicine, which deals with

the prevention rather than the cure of disease, depends no
less upon science, for tracking the dependence of one event

upon another is the essence of inductive science. All efficient

measures for the preservation of health, whether by in-

dividuals or communities, rest upon exact knowledge of the

natural course of diseases. In fact, disease may be defined as the

reaction of the human organism under conditions which make
for its destruction. We must never forget that no irritant will

cause inflammation in a lifeless skin ; that no bacteria can pro-

duce fever without a nervous system to play upon ; that no
meal, however Gargantuan, and no potations, however deep,

can produce their wonted effect without a stomach to react.

The infection of small-pox, of diphtheria, or of tubercle exerts a

very different influence upon vaccinated or unvaccinated sub-

jects, upon one who has received and one who has not re-

ceived the prophylactic serum, upon an organism which is

predisposed to or refractory against the invasion of the enemy.
How closely natural science is related to preventive medicine is

shown by the history of Jenner, who was a naturalist, and of

Pasteur, who was a chemist. How dependent we are upon
science is well illustrated by the history of myxcedema. The
cretinoid condition in adults which was discovered by the clinical

acumen of Sir William Gull, unintentionally produced by the

surgical skill of Prof. Kocher, and reproduced in animals by
Mr. Horsley, is now cured by the eminently scientific method
due to Dr. Murray, of Newcastle, and to Dr. Hector Mackenzie,
of St. Thomas's Hospital. Such examples of accurate tracing

of causation by observation and experiment admonish us to give

up the perfunctory explanations which so often do duty for in-

vestigation. If we ascribe every inflammation to cold, and every

vague complaint to gout ; if we acquiesce in the popular as-

cription of disease to over-work, mental strain, and the nervous
tension of modern life, we shall make no progress in true

aetiology. I see many patients suffering from idleness—few, or

none, from hard work. " Nerve-prostration " from "worry"
and '

' brain-tension " often proves a decent synonym for the

effects of gambling and drink. Modern life is easier, safer, and
smoother than it was a hundred years ago. Our young men
and maidens are healthier, stronger, better grown, less hysterical

and sounder in mind and body than their great-grandparents. I

venture to think that the duty of a physician is not to flatter the

self-love of neurotic patients, but to inspire fortitude, and to

prescribe regular and steady work as the best cure for a thousand
nervous ailments.
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As another point in scientific jetiology, allow me to warn
against the temptation to assume that because many diseases are

now proved to depend upon the presence of bacteria this must
be true of all. Science does not anticipate, but wails for proof.

We have complete scientific evidence, according to the criteria

so well formulated by Koch, of the absolute and constant cause
of anthrax, of relapsing fever, of tubercle, and several other dis-

eases in both men and animals ; but we must not forget the

preliminary difficulty of identifying the specific bacillus—as in

the case of enteric fever and diphtheria—nor the difficulty of

finding one of the lower animals which is susceptible to the

disease, as again in the case of typhoid fever and of cholera ;

nor the difficulty of the same anatomical and clinical conditions

being produced by different organisms, as in the case of pneu-
monia and ulcerative endocarditis. Moreover, while in some
diseases, which are undoubtedly infective and specific, no con-
stant pathogenic microbe has yet been determined—as in typhus,
measles, small pox, and syphilis—we have, on the other hand,
in the case of leprosy and of lupus, examples of disease un-
questionably specific and bacterial in origin, but very unlike
other infective maladies in their clinical course and natural
history. At present it is surely undesirable to speak of " the
undiscovered microbe of rheumatism." Science has to do with
proved facts alone, and our language should never outrun our
knowledge.

Experiments in Scientific Medicine.—There is one aspect of
scientific medicine so important that it must not be omitted—
the necessity of experiments for the progress of pathology, and,
through it, for the prevention and cure of disease. It requires

no argument to convince any one who is the least acquainted
with the principles of inductive science that experiment is no
less necessary than observation. In physics and in chemistry
this is obvious and universally acted on. The same method is

indispensable for the progress of animal and vegetable physio-

logy, and to such practical applications of science as engineer-

ing, agriculture and medicine. Nor can experiments be
restricted to rare occasional and solemn occasions ; they must be
carried on in large numbers, by many diflTerent experimenters,
and under every variety of condition. Any attempt to abolish,

to check or to limit this experimental work is, in the degree
that it is successful, fatal to progress. Happily it can never be
successful, for the impulse to increase knowledge of the works of
creation is too deeply implanted in men. Investigation must
and will go on by the only path which it can follow. The
method which was preached by Bacon and followed out by his

great contemporary, William Harvey, which was continued by
Lower, Hooke and Mayow in the early days of the Royal Society,

by Aselli, Malpighi and Haller, by Hunter, Hewson and
Hales, by Edward Jenner, by Sir Charles Bell, by Johannes
Mliller, by Claude Bernard, by Ludwig, and by the many
eminent physiologists and pathologists in Germany, in France
and throughout the civilised world, this method of investigation

is absolutely necessary for the progress of our science and the
improvement of our art. As its objects and methods are better

understood, it will secure the enlightened patronage of all who
desire the diffusion of human knowledge and the further spread
of human happiness. Fortunately this very progress of sci ence
has brought with it the removal of the one grave drawback, as

every right-thinking man must have felt it, to the benefits of

these experiments upon living animals. Inflicting pain upon
the humblest of God's creatures is repugnant to our feelings,

though no one, unless maintaining a thesis, would contend that

it is wrong to exact the most painful efforts, or even the death
from exhaustion of a horse in order to carry help to a human
being. But the discovery of ether, chloroform, and other
anaesthetics, and the improved methods that we owe to the

genius of Lister, have not only relieved the surgeon of the most
repulsive part of his duties, but have relieved the experimenter
also. Except in the investigation of the action of new remedies
or in the inoculation of infective diseases, both of which inflict

discomfort of a limited degree and duration rather than any-
thing that can be described as pain, the experiments of the

laboratory, whether physiological, pathological or therapeutical,

are conducted without inflicting pain. The opposition to them
has not succeeded, and is sure to diminish. However mistaken
our opponents, we are glad to find there is even exaggerated
jealousy to avoid anything approaching to cruelty. This
legitimate object our more candid critics may be assured is

already amply provided for.
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MR. BALFOUR ON SCIENTIFIC PROGRESS}
A PART altogether from individual likes and dislikes, is there^ any characteristic note which distinguishes this century

from any that have gone before it?

On this point I range myself with those who find the

characteristic note in the growth of science. In the last lOO

years the world has seen great wars, great national and social

upheavals, great religious movements, great economic changes.

Literature and art have had their triumphs, and have perman-

ently enriched the intellectual inheritance of our race. Yet,

large as is the space which subjects like these legitimately fill

n our thoughts, much as they will occupy the future historian,

t is not among these that I seek for the most important and the

most fundamental differences which separate the present from

preceding ages. Rather is this to be found in the cumulative

products of scientific research, to which no other period offers

a precedent or a parallel. No single discovery, it may be, can

be compared in its results to that of Copernicus ; no single

discoverer can be compared in genius to Newton ; but, in their

total effects, the advances made by the nineteenth century are

not to be matched. Not only is the surprising increase of

knowkdge new, but the use to which it has been put is new
also. The growth of industrial invention is not a fact we are

permitted to forget. We do, however, sometimes forget how
much of it is due to a close connection between theoretical

knowledge and its utilitarian application which, in its degree,

is altogether unexampled in the history of mankind. I suppose

that, at this moment, if we were allowed a vision of the

embryonic forces which are predestined most potently to affect

the future of mankind, we should have to look for them, not in

the Legislature, nor in the Press, nor on the platform, nor in

the schemes of practical statesmen, nor the dreams of political

theorists, but in the laboratories of scientific students whose
names are but little in the mouths of men, who cannot them-

selves forecast the results of their own labours, and whose
theories could scarce be understood by those whom they will

chiefly benefit.

I do not propose to attempt any sketch of our gains from this

most fruitful union between science and invention. I may,
However, permit myself one parenthetic remark on an aspect of

it which is likely more and more to thrust itself unpleasantly

upon our attention. Marvellous as is the variety and ingenuity

of modern industrial methods, they almost all depend in the

last resort upon our supply of useful power ; and our supply of

useful power is principally provided for us by methods which,

so far as I can see, have altered not at all in principle, and
strangely little in detail, since the days of Watt. Coal, as we
all know, is the chief reservoir of energy from which the world

at present draws, and from which we in this country must
always draw ; but our main contrivance for utilising it is the

steam engine, and, by its essential nature, the steam engine is

extravagantly wasteful. So that, when we are told, as if it was
something to be proud of, that this is the age of steam, we may
admit the fact, but can hardly share the satisfaction. Our coal-

fields, as we know too well, are limited. We certainly cannot

increase them. The boldest legislator would hesitate to limit

their employment for purposes of domestic industry. So the

only possible alternative is to economise our method of con-

suming them. And for this there would, indeed, seem to be a

sufficiency of room. Let a second Watt arise. Let him bring

into general use some mode of extracting energy from fuel which
shall only waste eighty per cent, of it, and lo ! your coalfields,

as sources of power, are doubled at once. The hope seems a

modest one, but it is not yet fulfilled ; and therefore it is that

we must qualify the satisfaction with which at the end of the

century we contemplate the unbroken course of its industrial

triumphs. We have, in truth, been little better than brilliant

spendthrifts. Every new invention seems to throw a new strain

upon the vast, but not illimitable, resources of nature. Lord
Kelvin is disquieted about our supply of oxygen ; Sir William

Crookes about our supply of nitrates. The problem of our coal

supply is always with us. Sooner or later the stored-up

resources of the world will be exhausted. Humanity, having

used or squandered its capital, will thenceforward have to

depend upon such current income as can be derived from that

diurnal heat of the sun and the rotation of the earth till, in the

sequence of the ages, these also begin to fail. With such

1 Address delivered by Mr. Balfour, M.P., at the opening of the

Cambridge Summer Meeting on August 2. Abridged from the Times.

remote speculations we are not now concerned. It is enough
for us lo take note how rapidly the prodigious progress of recent

discovery has increased the drain upon the natural wealth of old

manufacturing countries, and especially of Great Britain, and,

at the same time, frankly to recognise _that it is only by new
inventions that the collateral evils of old inventions can be
mitigated ; that to go back is impossible ; that our only hop^
lies in a further advance.

After all, however, it is not necessarily the material and
obvious results of scientific discoveries which are of the deepest

interest. They have effected changes more subtle and perhaps

less obvious which are at least as worthy of our consideration

and are at least as unique in the history of the civilised world.

No century has seen so great a change in our intellectual appre-

hension of the world in which we live. Our whole point of

view has changed. The mental framework in which we arrange

the separate facts in the world of men and things is quite a new
framework. The spectacle of the universe presents itself now
in a wholly changed perspective. We not only see more, but

we see differently. The discoveries in physics and in chemistry,

which have borne their share in thus re-creating for us the

evolution of the past, are in process of giving us quite new ideas as

to the inner nature of that material whole of which the world's tra-

versing space is but an insignificant part. Differences of quality

once thought ultimate are constantly being resolved into differ-

ences of motion or configuration. What were once regarded

as things are now known to be movement. Phenomena appar-

ently so wide apart as light, radiant heat and electricity, are,

as it is unnecessary to remind you, now recognised as substan-

tially identical. From the arrangement of atoms in the mole-

cule, not less than their intrinsic nature, flow the characteristic

attributes of the compound. The atom itself has been pulverised,

and speculation is forced to admit as a possibility that even the

chemical elements themselves may be no more than varieties of

a single substance. Plausible attempts have been made to

reduce the physical universe, with its infinite variety, its glory

of colour and of form, its significance and its sublimity, to one

homogeneous medium in which there are no distinctions to be

discovered but distinction of movement or of stress. And
although no such hypothesis can, I suppose, be yet accepted,

the gropings of physicists after this, or some other not less

audacious unification, must finally, I think, be crowned with

success. The change of view which I have endeavoured to

indicate is purely scientific, but its consequences cannot be

confined to science. How will they manifest themselves in

other regions of human activity, in literature, in art, religion ?

The subject is one rather for the lecturer on the twentieth

century than for the lecturer on the nineteenth. I, at least,

cannot endeavour to grapple with it.
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SOCIETIES AND ACADEMIES.
London.

Royal Society, June 14.—" The Electrical Effects of Light

upon Green Leaves." By Augustus D. Waller, M.D., F.R.S.

In the preliminary communication recently made to the

Royal Society, the author shows how, from the study of the

electrical effects of light upon the retina, he was led to ask

whether the chemical changes aroused by the action of light

upon green leaves are also accompanied by electrical effects

demonstrable in the same way as the eye currents. The
question is tested in the following way :—A young leaf freshly

gathered is laid upon a glass plate and connected with a

galvanometer by means of two unpolarisable clay electrodes

A and B. The half of the leaf connected with A is shaded

by a piece of black paper. An inverted glass jar forms

a moist chamber to leaf and electrodes, which are then

enclosed in a box provided with a shuttered aperture through

which light can be directed. A water trough in the

path of the light serves to cut out heat more or less. Under

favourable conditions there is obtained with such an arrange-

ment a true electrical response to light, consisting in the

establishment of a potential .difference between illuminated

and non-illuminated half of a leaf, amounting to 0-02 volt.

The deflection of the galvanometer spot during illumination

is such as to indicate current in the leaffrom excited to protected

part. The deflection begins and ends sharply with the begin-

ning and end of illumination ; it is provoked slightly by diffuse
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daylight, more by an electric arc-light, most by bright sunlight.
It is abolished by boiling the leaf, and by the action of an
aniesthetic, carbon dioxide.

The first experiments, made at the end of March, were upon
iris leaves taken from plants about 6 inches high, and the response
to light was then between oooi and o 002 volt in value. Experi-
ments upon similar leaves were resumed early in May, when it

appeared that the external condition by which the state of the
leaf IS most obviously governed is temperatttre. On warm days
the response ranged from 0-005 to 0-02 volt ; on cold days it
did not rise above above 0-005, and was sometimes nil. Some
tests upon leaves in a warmed box gave satisfactory results,
which ^may be thus summed up :—The normal response at
15 -20 C. is diminished or abolished at low temperature (io°),
augmented at high temperature (30°), diminished at higher
temperature (50°), and abolished by boiling.
As the month of May advanced, the iris leaves, even in the

warm box, became more and more inert, and by the 23rd inst.,
when the plants were mostly full grown and in flower, no satis-
factory leaf could be found. Leaves of iris appear to give
more marked response at or about mid-day, than at or about
6 p.m. Tested by Sach's method the leaves gave no evidence of
starch activity during insolation.

On the failure of the iris leaves to react, other leaves were
sought for which should give evident differences of reaction in
correlation with evident differences of state. Leaves of tropje-
olum and of mathiola gave a response to light contrary in the
main to the ordinary iris response, viz. "positive" during
illumination, and subsequently " negative. "^ In these two
cases leaves empty of starch acted better than leaves laden with
starch. Leaves of begonia gave a variety of responses strongly
suggestive of the simultaneous action of two opposed forces
effecting a resultant deflection in a + or direction. Leaves
of ordinary garden shrubs and trees, &c., e.g. lilac, pear,
almond, mulberry, vine, ivy, gave no distinct response ; this is
possibly due to a lower average metabolism in such leaves as
compared with the activity of leaves of small young plants in
which leaf- functions are presumably concentrated within a
smaller area. The petals of flowers gaVe no distinct response,
which indicates that chloroplasts are essential to the reaction.
The effect of carbon dioxide upon the iris leaf was abolition

of response during and after passage of the gas, with subsequent
augmentation. Upon mathiola and tropreolum, augmentation
of response followed on applying air containing i to 3 per 100
of carbon dioxide, and prompt abolition resulted from a full
stream run through the leaf-chamber. On the air supply being
kept clear of carbon dioxide there was gradual abolition of
response, followed by gradual recovery on the re-admission of
a small amount of carbon dioxide.

" Fatigue " effects may be produced if the successive illumina-
ations (of 5 minutes duration) are repeated at short intervals
(10 minutes). At intervals of i hour, successive illuminations
of 5 minutes produce approximately equal effects. With the
leaf of mathiola, periods of illumination of 2 minutes at intervals
of 15 minutes were used without provoking any obvious sign of
fatigue. ^

June 21.— "Note on Inquiries as to the Escape of Gases

D S ^J^'^^P^^''^^-" ^y ^' Johnstone Stoney, M.A., Hon.

Three investigations have been published which profess to
supply information about the escape of gases from atmospheres.Two of them, those of Messrs. Cook -' and Bryan,=* while differ-
ing in other respects, agree in reasoning forwards by the help of
the kinetic theory of gas from the supposed causes ; the third *

pursues a method regarded as trustworthy by the present writer,
and reasons backwards by the help of the same theory from the
observed effects.

VVhere,as in the present instance, the a/nV/and a posteriori
methods have led to inconsistent numerical results, it is incum-
bent upon us to search for the mistake or mistakes which must
somewhere have been made. If these can be found and cor-
rected, an important advantage is gained ; and the present is an
attempt to trace some of them by inquiring whether there are
conditions or agencies in nature which facilitate the escape of

ne«iiv/n^}w' '^•l^'' 'f" '* employed >n physiological literature, i.t.negative pole of positive element ("zincative")
^ /Utrophysical Journal for January 1900.
1 ?"•>' ^''<^- Proc., April 5, 1900, p. 335.

AstfZZi'^';'^r""^',T' "{*'" ^"^"^ Dublin Society, vol. vi. Part 13 ; or

helium r^'"'7"'^ ^l'
January 1898. And for further evidence thathelium IS escaping from the earth, see Nature of May 24, 1900, p. 78.
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gaseous molecules from the earth, and which are omitted, or
which have not been sufficiently taken into account, in Mr.
Cook's and Prof. Bryan's investigations.

Let aV be a volume containing at a given epoch a large
number « of molecules of the atmosphere, and let A/ be a dura-
tion commencing at that instant. Also, let n' be the number of
encounters which each of these molecules on the average meets
with in the times A/. Then will

N = nn'

be the total number of their free paths in that time ; and the
actual number of the.se free paths, in which the initial speed
after an encounter lies at the time t between v and v + dv, must
be precisely

dN = 'iHv + S)dv, (I)

where w is the probability function (that employed by Mr. Cook,
or that employed by Prof. Bryan, or some other), and 8 (the
deviation function) represents whatever is the real divergence of
the actual number from that computed by the formula used by
them, viz. :

efS = tindv; (2)

in other words, computed on the supposition that 5/ir is of
negligible amount.
Now TT is one fully-determined function in Mr. Cook's investi-

gation, and another fully-determined function in Prof. Bryan's
;

but little is known of what 5 is in either case, except that it is in
both an excessively comf)lex function of N, v, t, with several
other variables, some of which it is difficult even to indicate

;

and that by its amount for any given value of I and at any given
position in the atmosphere it must supply in equation (i) the
actual effect, at that time and place, of all natural agencies which
had not been taken into account in calculating the expression ir.

If due care has been taken in framing the probability law tt,

it will in many cases be legitimate to assume that S/w is suffici-

ently small to warrant our using equation (2) when computing
the approximate distribution among the free paths of those
speeds which assign /arge values to n, while at the same time it

may need proof and may not be a legitimate assumption in
reference to those values of v which make ir sinall^ Now it is

in this latter case that the assumption has to be made by Mr.
Cook and Prof. Bryan.
The conditions under which the assumption is likely not to be

true are the following :

—

A. Where the events, the law of whose distribution purports
to be represented by the w function, are of such a kind that a vast
number of the events need to be passed under review in order to
secure an approximate conformity to any fixed law. Now
experiment shows that in ordinary air trillions of the free paths,
probably many trillions, must be grouped together in order to
make manifest any law in the distribution of the speeds. In all

such cases we are not entitled to ignore the S function, except in

estimating the frequency of such speeds as can be shown to
assign a sufficient preponderance to the ir function. Accordingly
it is not legitimate to ignore the S function when treating of the
frequency of speeds which make w excessively small, such as are
the speeds which carry molecules away from the earth.

B. But a more important omission occurs where the function ir

has been arrived at without taking into account agencies in

nature which affect the distribution of speeds. Where this has
been done the 8 function must include the whole effect of these
agencies, and this again forbids our relying upon equation (2) in

computing the frequency of any speed which makes the value of
T small.

B I. Thus in Mr. Cook's computation no notice is taken of
the anisotropic character of the outer strata of the earth's
atmosphere, which facilitates the escape of molecules. In
Prof. Bryan's this is partly taken into account by treating the
molecules as moving in a constant field of force. This may
possibly be sufficient, though it ignores the reactions which are
also necessarily present. To include them it would be necessary
to extend the partition of energy beyond the molecules of the
atmosphere to all the other molecules of the earth which attract

them.
B 2. Then, again, both computations ignore the incessant

turbulence of the atmosphere which, in its lower strata,

produces all the phenomena of weather, and in its upper regions
phenomena which are swifter and on a larger scale. This
turmoil, with all its dynamical, thermal and electrical effects, is
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due, like most other events upon the earth, to the shiftings

about of energy which intervene between the advent of energy

and from the sun and its radiation from the earth into space ; and
to take it into account in an investigation based on the laws of

the partition of energy, it would be necessary to extend that

partition beyond the earth to the sun and to the intervening

aether.

B 3. So, again, the great absorption of solar radiation which
takes place in the outer layers of the earth's atmosphere will

have to be taken into account, and as it has not been included
under function tt, it still further augments the part which the 5

function takes inequation (i) and renders equation (2) an insuffi-

cient one for the purposes of the investigation.

B 4. The commotion going on in the atmosphere consists in

part of electrical phenomena. Some of these—thunderstorms,
auroras, the electrical condition of fogs, &c.—can be observed
from the stations which men occupy at the bottom of the
atmosphere, and are of such a kind that they must be ac-

companied by a charged condition of that stratum of the
atmosphere the density of which renders it a better conductor
than the atmosphere above it and below. This stratum, then,

and the strata above it receive charges of electricity which,
according to the varying condition of the strata further down,
will sometimes be disguised electricity and at other times un-
disguised. This electrified condition of the upper regions,

co-operating with ascending currents, which necessarily increase
in speed as they advance, will presumably give rise to

prominences upon the earth's atmosphere, upon which the
density of the electrification will be intensified and from which
in consequence gaseous molecules find it easier to escape than
from other situations. In this and other ways electricity may
help the escape.

Now of these agencies, all of which affect the rate at which
gas can escape from the earth, none is included in the investi-

gation which Mr. Cook has made of that phenomenon ; and
only the first (B i) is dealt with by Prof. Bryan. Moreover, it

is probable that these are not the only ways in which nature can
intervene, and which have been overlooked. The supposition
then that either of the probability laws made use of by those
investigators can be applied to our actually existing atmosphere,
without a large correcting function 5, would appear to be a
mistake ; anfl, if so, the inferences from those laws when so
applied are not part of a real interpretation of nature. It need
not therefore occasion any surprise that, in the case of helium, the
facts of nature seem to negative those inferences. (See Nature
of May 24, 1900 ; the second column of p. 78.)

Edinburgh.

Royal Society, July 16.—Lord Kelvin, President, in the
chair.—Lord Kelvin read a paper on the motion in an infinite

elastic solid by the motion, through the space occupied by it, of
a body acting on it only by attraction and repulsion. The ideal
atom considered in this paper was a region of space in which the
ether was changed in density by the action of forces upon it. In
the particular case chosen for development the atom was taken
as spherical with spherical distributions of density within it, and
every element of matter was supposed to act on every element of
the ether according to the Newtonian law. The further assump-
tion was made that the average density of the ether within the
atom was the same as if the atom were not present. The atom
and the ether were then supposed to be in relative motion, and
the total kinetic energy of the ether within the atom was calcu-
lated, as also the effective inertia of the ether in the space
occupied by the matter. On the assumption that the density
of the ether at the centre of the atom was loi times greater than
the undisturbed density, it was found that a refractivity was
obtained a little smaller than that of oxygen. By assuming that
the average density was in excess or defect of the undisturbed
density of the ether, we could extend the method so as to
include electrical actions.—In a second paper, on the number of
molecules in a cubic centimetre of gas. Lord Kelvin pointed out
that in the preceding paper he had been obliged to take the
number as 4 x 10-* instead of Maxwell's number, 19 x iqI*.—In
a paper on the hyperbolic quaternion, Dr. Alex. Macfarlane
showed how by the introduction of "real" instead of "imagi-
nary " vectors, quaternion theorems of spherical geometry could
be generalised so as to be applicable to hyperbolic geometry.—
Sir John Murray and Dr. Philippi communicated a preliminary
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note on the deep-sea deposits collected during the Valdivia
expedition of 1898-9. Leaving Hamburg and passing round by
the north of Scotland, the Valdivia proceeded southwards by
the west coast of Africa to the Cape, thence to the Antarctic
seas, returning by way of the Indian Ocean and the Suez Canal.
Generally speaking, the nature of the deposits agreed with what
was already known, but fuller information was gained in many
instances. For example, off the mouth of the Congo samples of
coprolitic mud had been obtained, largely made up of little oval
pellets of mud which had passed through the intestines of
echinoderms. These had consolidated and were apparently in

the process of being transformed into glauconitic and phosphatic
concretions. The study of the formation and distribution of
glauconite was geologically of great importance, and a detailed

examination of the Valdivia collections would probably throw
much light on the subject.— Prof. J. C. Beattie communicated
a second part of his researches into the leakage of electricity

from charged bodies at moderate temperatures. In most of the

experiments described, zinc strips resting on insulated iron

plates were sprinkled with various salts and then heated to

about 350° C, the whole being enclosed in an iron box which
was connected to the case of the electrometer. Among the

substances used were common salt, alone or with iodine or

bromine, and similar combinations with the chlorides of lithium,

lead, potassium, &c. Generally a steady negative charge was
produced by the heating, but not always. The difference of

potential so obtained depended on the nature of the insulated

metals, but not on their distance apart. When high voltages

were used, the positive charge leaked away, while the negative

charge was retained. An explanation was offered founded on
Enright's and on Townsend's experiments.—A communication
was also presented by Dr. Thomas Muir on the theory of skew
determinants and pfaffians in the historical order of its develop-

ment up to 1857.—In a brief review of the session, the Presi-

dent referred to the great losses the Society had sustained

through the deaths of the Duke of Argyll and Sir Douglas
Maclagan.
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A STANDARD TEXT-BOOK OF PHYSICS.
Miiller-Pouillefs Lehrbuch der Physik und Meteorologie.

Neunte umgearbeitete und vermehrte Auflage von

Dr. Leopold Pfaundler. In drei Banden. Erster

Band, Mechanik, Akustik. Pp. xxi + 888 (1886).

Zweiter Band, unter Mitwirkung des Dr. Otto

Lummer, Erste Abtheilung, Optik. Pp. xx+1192
(1894-1897). Zweite Abtheilung, Warme. Pp. xiv

+ 768 (1898). Dritter Band, Elektrischen Erschein-

engen. Pp. xvi + 1062 (1888-1890). (Braunschweig:

Friedrich Vieweg und Sohn.)

THE appearance of the second part of the second

volume of this work marks the completion of the

ninth edition of an important treatise on experimental

physics which has for many years been widely used in

Germany. The importance of the work lies in the fact

that it aims at giving a full description of physical appa-

ratus and experimental methods, no attempt being made
to expound mathematical theories, and none but the

most elementary mathematics being employed or

assumed as one of the reader's acquirements.

Herein the work differs from most of our English

text-books of physics, in which the tendency has latterly

been to combine a certain amount of mathematical

theory with short accounts of experiments in illustration

of the theory, both the mathematical and experimental

portions being of necessity very incomplete. This

tendency, probably necessitated by our examination

system, will, as long as it continues, prevent our having

in English such complete works on experimental physics

as that now before us.

Any work on physics, however, in several volumes

produced at different times, must, when completed,

present some lack of uniformity among its parts,

especially if the part dealing with that branch of the

subject which varies most rapidly is not produced last.

This is the case in the present instance. The volume
on magnetism and electricity was published some ten or

twelve years ago, several years before the appearance of

the volumes on light and heat. The reason given is that,

on account of the rapid advance made in electricity, the

volume dealing with this branch in the previous edition

appeared much more out-of-date than the other volumes,

and therefore had more need of revision. For the same
reason, on now reviewing the whole of the present

edition, one cannot help being struck with the fact that

the volume dealing with electricity and magnetism far

less adequately represents the present state of the subject

in this branch than do the other volumes in their own
regions.

In the first volume of the present edition, dealing

with mechanics and sound, after an introductory chapter

on fundamental notions and a short discussion of

uniform and uniformly accelerated motion of a point

in a straight line, the subject of mass and force is im-

mediately taken up, further treatment of kinematics

being postponed to a later stage. It seems to the writer

to be preferable, especially in an elementary book on the

subject, to deal more fully with kinematics before going
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on to dynamics proper. The student should first become

well acquainted with the notions of velocity, acceleration,

their composition and resolution, and should give special

attention to cases in which the acceleration is not in the

same direction as the velocity. In this way he is enabled

to acquire a much clearer idea about acceleration as a

quantity with a direction of its own, and is therefore

much better prepared to make the transition from his pre-

vious vague notion of force to the more accurate dynamical

meaning of the term.

The subject of mass and its measurement is discussed

at some length, and in a very instructive manner.

The action of a force in producing acceleration in

a body is .finally adopted as the basis of the

dynamical measurement of mass. This system in-

volves the definition of force. A definition of mass

(due to Mach) independent of the definition of force

is referred to in a footnote on p. 85, viz. : bodies

which (by gravitation) produce equal but opposite

accelerations in each other are said to have equal masses.

This includes the definition of the ratio of the masses

of two bodies as the ratio of the accelerations which

they produce in each other, and when a unit of mass
is chosen, the mass of any other body is measured

by the acceleration given to the unit divided by the

acceleration experienced by the body itself.

The phraseology is sometimes not as accurate as one

could wish ; thus on p. 92 we find the expression " an

acceleration of one metre," and in the following sentence,

"a velocity of one metre" ; and again, the kilogramme is

stated to be both the unit of mass and the gravitational

unit of force. .Although explanations follow, it must lead

to some confusion in the mind of a beginner to find that

a kilogramme means sometimes a mass and sometimes a

force. It is of the greatest importance in an exposition

of the principles of dynamics that one meaning only

should be attached to every technical term. A similar

confusion arises in connection with the term " weight,"

about which there is a lengthy discussion on pp. 96-99.

The difficulty might have been much diminished by re-

serving the word kilogramme to mean a mass and

weight to mean a force—viz. the resultant force acting

on a body falling freely near the earth. The common
use of the terms should be explained afterwards.

On pp. 326-333 a short account is given of the be-

haviour of spmning tops and gyroscopes, with a general

explanation of the couples called into play by a deflec-

tion of the axis of rotation. The " drift " of a shell fired

by a cannon is ascribed mainly to gyrostatic action.

The constantly increasing angle between the axis of

rotation and the direction of motion causes the air in

front of the shell to exert a force tending generally to

raise the head of the shell with respect to the centre

of mass ; this produces a deflection of the point of the

shell to the right, and the increased pressure thus intro-

duced on the left side causes a deflection to the right.

It is possible that, with a shell of suitable shape, the

pressure of the air would tend to raise the rear end, and
the gyrostatic deflection would in this case be to the

left. As is remarked in a footnote, however, the greater

friction on the under side of the shell probably plays

an important part, and this always causes a drift to the

right.

R



362 NATURE [August 16, 1900

In Chapter v. a good elementary account of the laws of

capillarity is given. On p. 444 Quincke's falling drop

method of measuring surface tensions is described, the

weight of the drop being stated to be equal to the pro-

duct of the surface tension and the circumference of the

line of contact. Lord Rayleigh has shown that this is

not correct even if the liquid motion in the drop at the

moment of separation be neglected ; the excess of pres-

sure in the drop corresponding to the curvature of the

surface (supposed cylindrical near the plane of contact)

has the effect of diminishing the size of the drop to one-

half the value stated, and this result agrees more closely

with experiment.

The second part of the volume, on sound, resembles in

its general mode of treatment most other elementary

text-books on the subject. The general nature of wave-

motion is made quite clear by numerous diagrams of

wave-curves and wave-machines^ The deduction given

on p. 638 of the expression V^/D for the velocity of

propagation of sound-waves is not satisfactory, since it

involves the tacit assumption that the whole energy is

half potential and half ki netic.

In connection with the experimental measurement of

the velocity of sound in water in tubes, referred to on

p. 643, the influence of the walls and Kundt's measure-

ments in tubes with walls of different thicknesses should

have been mentioned, and in the description of the

resonance tube experiment, no method is given for

eliminating the end correction.

The last chapter contains an interesting account of

the researches of von Helmholtz and others on the

vibrations of violin strings, combination tones, analysis

of sounds, and the theory of consonance and dissonance.

In the second volume (light and heat) the author

is assisted by Dr. Lummer, who, we are told in the

preface, is chiefly responsible for the part dealing with

optical systems and the theory of optical instruments.

This part of the work has been largely re-written for the

present edition, and brought well into line with the

modern views on image-formation founded by Abbe.

As is the case in doing most things, there are two

ways of writing a book on geometrical optics. The first,

until recently the usual, method is to begin with very

special cases, such as thin lenses, and proceed by degrees

to the more general cases of thick lenses and systems

of lenses.

The other, and more modern, method is to begin with

the general case of a point-point correspondence between

two portions of space, of such a kind that to a pencil

of rectilinear rays passing through a point in one region

corresponds a pencil of rectilinear rays passing through

a point (the image) in the other region ; then to intro-

duce the special cases of image-formation by reflecting

or refracting surfaces and centred systems, including

lenses. The two methods thus proceed on opposite

lines.

The latter method has been perfected by Abbe, and

is the one adopted by Czapski and, though necessarily

in a more elementary and restricted manner, in the

present work.

After two chapters dealing with the nature of light,

photometry, refraction and reflection at plane surfaces,

Chapter iii. treats of the formation of images by refraction
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at a single spherical surface ; then the general case of any
number of spherical surfaces separating different media,

with their centres in a straight line ; and, finally, two co-

axial centred systems, with the special case of a " tele-

scopic" system in which the " interval " is zero. The lens

is regarded as two centred systems, each consisting of a

single spherical surface.

Chapter xii. is devoted to the theory and use of " stops,"

the calculation of magnifying power and brightness of

images in centred systems, and, finally, the laws of

formation of images of illuminated objects, as in the

ordinary use of the microscope. Here purely geometrical

methods break down, and diffraction spectra play an all-

important part. A highly interesting account follows o

Abbe's theory of microscope images and its remarkable

verification by the use of the diffraction plate, in which is

shown how the similarity of image to object, as well as

the resolving power of the instrument, depends upon the

number of diffraction spectra whose rays enter the objec-

tive and take part in the final image-formation. How these

principles are applied in the construction of microscope-

objectives is set forth in the chapter on optical instru-

ments, which also contains details of many of the latest

improvements in optical instruments of all kinds.

The second part of vol. ii. (on heat) does not differ

from the corresponding part of the previous edition so

fundamentally as is the case with the part on optics ; but

it is brought more nearly up-to-date by many additions,,

including the work of Olszewski and Linde on the lique-

faction of gases, a chapter on thermochemistry, steam

calorimeters, recent determinations of the specific heat of

water at various temperatures and of the mechanical

equivalent of heat. No reference is made, however, to

recent improvements in the choice of a unit of heat.

Thermodynamics does not receive very much attention,,

few applications being mentioned beyond Kelvin's defini-

tion of absolute temperature, and a calculation of the

change of melting point produced by pressure. Some
details are given, however, of the parts and action of

steam, air, and gas engines.

A short chapter on meteorology, dealing with climatic

conditions and their changes, brings this volume to a

close.

As to the third volume, it suffers, as was remarked

before, in comparison with the other volumes from having

been written several years ago. Still, it contains a large

mass of useful information about electrical and electro-

technical apparatus, much of which is not usually found

in text-books on electricity and magnetism.

It is impossible, in the space at our disposal, to give

more than a very rough sketch of a work which extends

to close upon 4000 pages, and many excellent qualities of

the work must for this reason remain unmentioned. One

of the chief features is the large number (nearly 3000) of

excellent illustrations, and, chiefly in the section oi>

optics, some very beautiful coloured plates. Explana-

tions are, as a rule, given very clearly, and often aided

by numerical examples worked out. Further, on account

of the very large number of experiments and forms of

apparatus described, as well as the numerous references

to original papers, the work is certain to prove useful, as

it no doubt has already done, to students and teachers of

physics.
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HUXLEY'S PHYSIOLOGY.
Lessons in Elementary Physiology. By Thomas H.

Huxley, LL.D., F.R.S. Enlarged and revised edition.

Pp. xxiv + 611. (London : Macmillan and Co., Ltd.,

1900.)

HUXLEY'S "Lessons in Elementary Physiology"

was probably the best book of its kind which

has ever been written. It set forth the elements of

human anatomy and physiology in so clear and concise

a form, and the little volume formed so complete a com-

pendium of the essential facts which had accumulated

in the science with which it dealt, that it was at once

welcomed as supplying a want which had long been felt

—that of a popular and, at the same time, an authorita-

tive exposition of the subject. Its success was enormous.

Edition after edition was sold in rapid succession, and

the booklet—for it was nothing more—was not only

adopted in schools throughout this country as the text-

book with which the teaching of physiology was to be

begun, but it was soon translated into every civilised

language, and even, it is said, into more than one

barbaric tongue.

The secret of its success lies on the surface. It was

written in the English which was characteristic of the

Master : its-language trenchant, flowing, and well chosen,

its similes apposite, its facts duly marshalled and leading

up to their logical conclusion. And the book was what

it was intended to be—a popular account, which, while

retaining scientific accuracy, should not be burthened by

unnecessary details, nor by theories which might or

might not ultimately prove correct. Moreover, the ground

was clear—where there are now a dozen similar treatises,

there was then not one. But it is safe to assert that

*' Huxley" would in any case have taken the first place.

An entirely new edition of the "Lessons"—the first

since the lamented death of the original author—has

now made its appearance under the auspices of Sir

Michael Foster and Dr. Sheridan Lea. Michael Foster

has been associated with the book throughout its whole

career. Sheridan Lea's name appears now for the first

time in connection with it ; but although the responsi-

bility is joint, the labours of preparation have fallen

chiefly upon Dr. Lea's shoulders. We may be sure that

the work has been a labour of love to the editors. The
intimate friendship which existed between them and

Huxley, their veneration for his memory, their desire to

maintain the high standard and reputation of the work,

must have caused them to put forth their best efforts to

ensure its continued success.

In surveying the changes which have been introduced,

the point of chief interest appears to be to notice

whether the introduction of these changes has tended in

ny way to modify the original character of the work.

A'e have already seen that this character was that of a

popular exposition of the science suitable especially for

schools, and the questions naturally arise, is the book

still of this nature? Has it been modified to suit it to

other purposes than that for which its author originally

wrote it .'^ It must be conceded that the book retains

in a measure its character as a popular expositor. This

is largely owing to the fact that the editors have
' " The following ' Lessons in Elementary Physiology ' are primarijy
itended to serve the puiposes of a text-book for teachers and learners in

. ys' and girls' schools."

—

Extractfrom Pre/ace to the First Edition, 1866.

preserved "as far as possible the original author's own
form of exposition and indeed his own words." But it

must also be admitted that its character in this respect

has been modified by changes and additions. The
purport of these appears to have been to adapt the book

for use by students of medicine, a design which may be

laudable but cannot fail to affect the general tone of the

work. Students of medicine require to learn anatomy
and physiology with a minuteness of detail not necessary

in a work which is intended to be of a popular nature.

Not only is it important that the unquestioned facts of

the science should be set before them, but they require

also to be made cognizant of statements which, however

probable, are not universally accepted as facts, and of

theories which may or may not ultimately prove to be

correct. And herein it appears to me lies the difference

between the new "Huxley" and the old. That the

change tends, as the editors claim, to increase the

sphere of usefulness of the work, may be perfectly true,

but the essential character and original aim of the work

has been thereby affected. If there is a gain on the

one side there is a loss on the other, and it is impossible

that it should not be so ; it is a question of opinion

whether the gain counterbalances the loss. For my own

part, while recognising the able manner in which the

new material is worked up and incorporated with the

old and the increased value which is thereby imparted to

the work as a text-book preliminary to the study of

physiology, I must frankly confess that I regret the

change. Students of medicine have already more than

one elementary text-book in which the facts and chief

theories of physiology are set forth with all the clearness

that could be desired, and in one instance at least with

a wealth of illustration which cannot be surpassed or

even approached in a book of so small a size as

" Huxley." On the other hand, the amount of detail

which has been introduced into this edition, while

valuable for the medical student, is unnecessary or

unsuitable for the school boy. Perhaps it was impossible

to avoid this change, perhaps it was desirable to make

it ; at any rate it has been made, and as years go on

the development of the book must proceed along the

lines which have been now laid down. That it will be

as successful on these lines as it has been upon the old

ones may be confidently assumed so long as it remains

under the management of the present editors, but I

believe that my regret that the change has been intro-

duced will be shared by most of those who remember

the appearance of the original book in the late sixties

and the enthusiasm with which it was then received.

E. A. SCHAFER.

THE GLUCOSIDES,
Die Glykoside. By Dr. J. J. I. van Rijn. Pp. xvi -1-511.

(Berlin : Gebr. Borntraeger, 1900.)

THE student of chemistry or botany, who may have

attempted to grope his way through the tangle

of chemical facts relating to plant products, will be

grateful to the author of this e.xhaustive monograph on

the glucosides, or glykosides as he prefers to spell it,

where the latest information, with all the necessary

references, is easily found.
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The study of the glucosides may be said to date from

Liebig and Wohler's remarkable discovery of the decom-

position of amygdalin by its own ferment or enzyme

emulsin. The discovery of other glucosides followed in

fairly rapid succession. Among these may be mentioned,

without reference to chronological sequence : salicin,

derived from willow bark
;
populin, from aspen leaves

;

iesculin, from the bark of the horse chestnut ; daphnin,

from Daphne mezereiim
;

phloridzin, from the bark of

apple, pear and other fruit trees ; hesperidin, from the

fruit of limes, oranges and lemons
; potassium myronate

or sinigrin, from black mustard seed ; ruberythric acid,

from madder root, &c. They all undergo decomposition

by a process of hydrolysis into grape sugar, and at least

one other constituent drawn from such very varied groups

of compounds as phenols, alcohols, aldehydes, mainly of

the aromatic series, and in the case of black mustard

seed, from a sulphocyanide. No trustworthy explanation

of the constitution of these substances was, or could be,

forthcoming until the structure of their proximate con-

stituents had been ascertained.

The most important contribution to our knowledge

of the glucosides in recent years has been undoubtedly

that of Emil Fischer in his classical researches on the

sugars. The formation of the glucosides of the simple

alcohols and phenols, and of similar compounds of the

mercaptans and ketones, has not only given a valuable

clue to the structure of the natural products, but has

revealed the close analogy which exists between these

compounds and the members of the disaccharoses (cane

and milk sugar and maltose). Moreover, the identification

of new sugars has led to the successful search for these

substances among the glucosides and other plant pro-

ducts. Rhamnose or methyl pentose is found to replace

glucose in several glucosides : quercitrin, hesperidin,

frangulin, baptisin, datiscin, &c., whilst chinovose,

another pentose, is contained in chinovite.

Many other interesting points have arisen. The hydro-

lysing action of the enzyme accompanying one glucoside

has been shown, not to be confined to that glucoside, but

to extend to others, although, at the same time, strictly

limited to a particular series of compounds. The enzyme

of yeast has in a similar way been recognised as not

exclusive, although restricted in its hydrolysing power.

The action of emulsin and yeast on amygdalin is in-

structive. Emulsin effects complete hydrolysis of the

glucoside into benzaldehyde hydrocyanic and two mole-

cules of glucose, whereas the enzyme of yeast only

removes one glucose group. Fischer, who discovered

this curious difference between the two enzymes, has

allotted the following formula to the second product

:

QHgCH.CN

O.CH.CHOH.CHOH.CH.CHOH.CH2OH.

The splitting off of more than one molecule of glucose on

hydrolysis occurs with populin, hesperidin, helleborin and

others.

All these facts are recognised and carefully recorded

in the volume before us.

The work is divided into two parts. The first part

deals with the artificial glucosides ; the second, with the
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natural products. In the first part, the compounds are

arranged in a strictly chemical order ; in the second,

according to the natural order of plants. In reference

to this arrangement, the author lays stress on the fact

that the study of the constituents of plants should not

follow a chemical classification, but should include all

compounds occurring in the same natural order ; because,

he explains, it is only in this way that the chemical,

morphological and anatomic properties will appear in

their true light. The goal of the chemist should not be
determined by purely utilitarian motives, but Rochleder's

principle should be borne in mind that " the relation-

ship of plants is determined by compounds of the same
chemical nature which they contain."

There are one or two points mentioned in the book
which are new to us, and may interest our readers. It

appears now that sinigrin, the glucoside of black mustard

seed, is not hydrolysed, as usually represented in text-

books, without the addition of the elements of water
;

but the glucoside contains one molecule of water

CjoHigNSaKOg + HgO, and the decomposition then falls

into line with the hydrolysis of other glucosides,

CioH,6NS^KOs+H.p = C3H5NCS + 0611,206 +KHSO4.

According to Beyerinck, indigo does not occur in the

oldest of the indigo plants {[satis tinctorid) as the gluco-

side indican, as usually stated ; but in the form of indoxyl,

which rapidly oxidises to indigo in contact with air

;

whilst the glucoside indican which is found in Indigo-

/era lepiostachya and Polygonum tinctorium may be

extracted and left in contact with air without under-

going any change in the absence of enzymes and

bacteria. J. B. C.

AN OXFORD TEXT-BOOK.
An Introduction to the Study of the Comparative
Anatomy of Animals. By G. C. Bourne, M A., F.L.S.
Vol. i. Pp. 258. (London : G. Bell and Sons, 1900.)

THIS admirable little book is designed to meet the

requirements of the elementary examinations of

the leading universities of Great Britain, and though of

necessity largely concerned with creatures upon which

laboratory treatises exist in abundance, it has been so

framed as to supplement and not supersede certain of

these, the author having aimed at " the lessons that may
be learned and the conclusions which may be drawn"

rather than the detailed description of the facts them-

selves. The work opens with an " Introduction," in

which it is pointed out that in the study of natural

science, as in other things, something of the nature of a

creed is necessary for action, and there is given a

definition of "evolution," on the basis of the principles

involved in which the science of comparative anatomy

is said to be founded. Passing on to treat of the

elementary principles of morphology and physiology, the

author proceeds to deal with the anatomy of the frog, the

elements of histology of the Vertebrata, the cell and cell

theory, and phenomena of development up to the forma-

tion of the germinal blastemata. The Protozoa are next

dealt with, including the Mycetozoa and Volvocin^ ;.

and, apropos of Volvox and Zoothamnium, there follows a

chapter on the Protozoa and Metazoa, with a discussion

of their inter-relationships. The Coelenterata follow
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based on the study of Hydra and Obelia, with a con-

cluding chapter on classification. The book is novel in

conception, accurate, up-to-date, and thoroughly artistic

execution. Biitschli on the " Schaumplasma," Boveri

^on the Ascaris egg, Maupas on the Ciliata, Keuten on

Euglena, Hertwig on Actinosphierium, the mitotic pro-

cesses in Amoeba bi-nucleata, the immortality of the

Protozoa, are conspicuous among topics of the times

handled in a manner well calculated to arouse the

imaginative faculty, which, under our prevailing systems

of elementary biological training, is apt to be ignored.

Unlike many of its predecessors and contemporaries, the

book is written in choice English. It is in places even

racy ; and in such paragraphs as those in which the author

unfolds the points of dissimilarity between Vertebrate and

Invertebrate (dog, fish, and lobster), a perspicuity is notice-

able equal to that of a good French writer at his best. It re-

calls most nearly the irresistible charm of the late M. Paul

Bert's " Premiere Annde d'Enseignement Scientifique."

The illustrations, fifty-three in number, are mostly

original and altogether admirable, and those of the

Hydra, based on the author's unpublished researches,

will unquestionably become popular—that of the median

longitudinal section of this animal being the best we
know. On p. 47 the author gives two new figures of the

frog's heart, which, as regards the detailed structure of

the pylangium and the ostia of the carotid and pulmo-

cutaneous arteries, are wholly unconventional. It is

explained in the preface that these are drawings of re-

constructional models from sections, and we dare not

doubt their accuracy. The question, however, arises

how far the facts they reveal may be true of but one

individual ; and the author would have done well to

have either intimated this or left the matter aside till

further investigated. Again, we regret the too forced

introduction of analogy to the inanimate, as, for example,

of the nervous system to the telegraphic apparatus. In

this, however, the author is but acting in the spirit of the

times. His book is simply charming and well worthy his

reputation ; and while its literary style should alone

ensure for it a wide circulation, it cannot fail to exercise

a leavening and humanising influence on the youthful

mind. It is to be followed by a second volume, dealing

with the Coelomate Metazoa, and the sooner this appears

the better for biological science and culture.

OUR BOOK SHELF.
The Ore Deposits of the United States and Canada. By

J. F. Kemp. Pp. xxiv -I- 462 ; index and 163 illustra-

tions. Third edition. (New York and London : The
Scientific Publishing Company, 1900.)

Of Prof. Kemp's industry as a compiler there can be no
question. The last edition of his work on ore deposits
is teeming with information, and his footnotes alone are
aproof of the thoroughness with which he has conducted
his search after facts. But it is not a book which ap-
peals to the elementary student, because he is launched
into a mass of details without sufficient preparation in

the introductory part, which is sadly lacking in wood-
cuts. And further, there is evidence of haste or want
of care in correcting the book for the press. Surely a
writer on ore deposits should be able to spell such names
as " Posepny," "Sjogren" and "Pribram" with strict

accuracy. Errors in spelling ordinary French and
German words are frequent, and when one notes as many
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as nine mistakes in seven consecutive lines, there are
fair grounds for complaint. It is not only in his spelling

that Prof. Kemp evinces carelessness. A mineralogist
would not speak of specular iron as " specular hematite"

;

the product of a zinc mine should not be called spelter,

as the word denotes the metal, not the ore. By one of
his sentences, one might infer that Prof. Kemp would
not admit sulphide of sodium among the metallic sul-

phides. It is not good English to say: ''•Considerable

limonite has also resulted from the weathering of clay-

ironstone nodules."
In spite of frequent and unpardonable minor blemishes,

which could easily have been avoided by employing a
careful proof-reader, the book will be found very useful

by those who require a summary of the innumerable
memoirs and papers describing American ore deposits.

Prof. Kemp's conclusion that an amendment is needed
of the laws regulating the tenure of ore deposits in the
Western States will be warmly endorsed by most mining
men. C. L. N. F.

Physiology for the Laboratory. By Bertha Millard
Brown, S.B. Pp. viii -h 167. (Boston : Ginn and Co.,

1900.)

This little book sets forth, in twenty-two brief chapters,

certain practical directions for the study of the elements
of anatomy, histology and physiology of the vertebrate

body, and the first principles of bacteriology. Many of

the instructions given are in interrogatory form, and for

simple experiment and observation of the living in action,

in which lies the very essence of the^science of physi-

ology, the student is commendably referred to his or

her own body. Beyond this, however, there is nothing
in the book that is new, or which calls for comment in

these pages. The mode of treatment is begotten of a
conviction on the part of the authoress, that " there is

needed a radical change in the teaching of physiology "
;

and we read with astonishment the statement that while

the method of teaching botany, chemistry and other

sciences "has long been that of going first to the study

of the specimen and then to the text-book," this has not

been the case for " physiology "—that having apparently

been taught from the text-book alone. She is writing,

however, of State schools of America, and if the accusa-

tion be applicable to them generally, we wish her success

in her enterprise.

Michigan BoardofAgriculture. Annual Report 1 898 -99.
Pp. 465. (Michigan : State Board of Agriculture, 1899.)

In this volume are included the thirty-eighth annual
report of the Secretary of the Michigan State Board of

Agriculture, and the twelfth annual report of the Experi-

ment Station of the State Agricultural College. Many
subjects of interest are dealt with in both reports, but

only a few can be referred to here. Experiments with

Indian corn, to test the influence of thickness of planting

upon the character of the crop, show that a gradual

increase occurs in the yield of dry matter and protein as

the distance between the rows and between individual

plants is increased. It appears that, to obtain the

greatest yield of valuable nutrients, Indian corn should

be planted in rows fully three and a half feet apart, and
the seeds six and nine inches apart in the rows. The
establishment of several large beet-sugar factories in the

State last year has caused increased attention to be given

to experiments in beet culture. An interesting detail of

some new experimental work, to which reference is made
by Prof. C. D. Smith, director of the Experimental Station,

is the breeding of bees with longer tongues. It is hoped
that, by selection and breeding, a variety of honey bee

will be developed capable of extracting nectar from the

blossoms of the clover grown in the State.

Among the subjects of Bulletins published in the

report are :—forestry, strawberry culture, methods of

combating disease-producing germs and fruit-growing.
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LETTERS TO THE EDITOR.
\Thc Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond -with the writers of, rejected

manuscripts intended for this or any other part of Nature.
No notice is taken of anonymous cotnviunications.l

Change of Feeding Habits of Rhinoceros-birds in

British East Africa.

The enclosed extract from a letter just received by me from

my friend, Captain Hinde, of the British East Africa Pro-

tectorate, will interest all zoologists. It is a curious fact that a

bird which is so valuable as Buphaga in clearing parasitic

insects from cattle that we lately agreed to give it special pro-

tection at the International Conference on the Preservation of

African Wild Animals, should now, by a sudden change of con-

ditions induced by man, become a dangerous and noxious

creature. This fact shows how difficult is the problem pre-

sented by the relations of civilised man to a fauna and flora new
to his influence. E. Ray Lankester.

Natural History Museum, London, August lO.

"The following case of wild birds changing their habits may
interest you :—The common rhinoceros-bird {Buphaga erythroe-

pyncha) here formerly fed on ticks and other parasites which

infest game and domestic animals ; occasionally, if an animal

had a sore, the birds would probe the sore to such an extent that

it sometimes killed the animal. Since the cattle plague de-

stroyed the immense herds in Ukambani, and nearly all the

sheep and goats were eaten during the late famine, the birds,

deprived of their food, have become carnivorous, and now any

domestic animal not constantly watched is killed by them.

Perfectly healthy animals have their ears eaten down to the

bone, holes torn in their backs and in the femoral regions.

Native boys amuse themselves sometimes by shooting the birds

on the cattle with arrows, the points of which are passed through

a piece of wood or ivory for about half an inch, so if the animal

is struck instead of the bird no harm is done. The few thus

killed do not seem in any way to affect the numbers of these

pests. On my own animals, when a hole has been dug, I put in

iodoform powder, and that particular wound is generally avoided

by the birds afterwards ; but if the birds attack it again, they

become almost immediately comatose and can be destroyed.

This remedy is expensive and not very effective. Is there any

other drug you could suggest that would be less likely to be

detected ? Perhaps you know that I reported three years ago

that these birds rendered isolation under the cattle plague regu-

lations useless in some districts, as I proved beyond doubt they

were the only means of communication between clean and
infected herds under supervision, a mile or two apart. These

birds I have never seen on the great herds of game on the open

plains, but I have seen them on antelope and rhinoceros in

the immediate neighbourhood of Masai villages, and herds of

cattle ; on the other hand, I have never seen the small egret

on cattle, though often on rhinoceros and gnu."

Atmospheric Electricity.

In Nature of June 14 Mr. Wilson replies to the objections

raised in my letter of March 29 to his explanation of the origin

of atmospheric electricity. Before proceeding to consider Mr.

Wilson's reply to my objections it may be well that the point at

issue between us should be clearly defined, as Mr. Wilson, in

my opinion, somewhat confuses it. Mr. Wilson says, " Mr.

Aitken contends there is no such thing as dust-free air in

the atmosphere." Now I certainly made no such statement,

for the simple reason that I do not know whether such a con-

dition exists to any extent or not, only a few cases being on

record. What I did state was, " So far as our knowledge goes,

it can hardly be said there is such a thing as dust-free air

in our atmosphere, and the cases in which low numbers have

been observed are so extremely rare that they can hardly have

any bearing on phenomena of such widespread existence as

atmospheric electricity, even though we suppose those few

particles to be afterwards got rid of." I simply asked for a

verdict of " not proven " against Mr. Wilson's theory. I think

it will be admitted that it rests with Mr. Wilson, and those who
think with him, to prove that the air is generally dust-free at

elevations higher than ordinary cumulus and nimbus clouds,- as

without this dustless air the supersaturation necessary for

condensation on ions is admittedly not possible.

Mr. Wilson discusses the question of the numlier of dust
particles in the atmosphere from Mr. Rankin's Ben Nevis
observations and my own at Kingairloch, and points out that

practically dust-free air has been observed on Ben Nevis. Such
is the case, but so far as I know dust-free air has been observed
on only a few occasions, and such isolated instances have
evidently no bearing on the case. Mr. Wilson then turns to my
observations and says " the mean number of dust particles in a
series of 258 observations, extending over nearly five years,

amounting to 338 per c.c. ; on one occasion the number was as^

low as 16 per c.c." The above statement, it must be clearly

understood, refers to 258 of the tests made in the purest air, and
is not the mean of all the observations. In the tables there are

688 observations for Kingairloch : of these I find there are 41 in

which the reading was under 100, 341 were over a 100 but less

than 1000 per c.c, whilst the remaining 306 observations were
all over 1000 per c.c. The 16 per c.c. referred to by Mr.
Wilson only occurred once. In the other years referred to the
lowest figures were 38, 43, 67 and 205 per c.c. So that, as
already said, the conditions represented by those low figures,

such aso on Ben Nevis and 16 at Kingairloch, are so exceptional

that they are not likely to play any part in phenomena so

universal as atmospheric electricity.

Mr. Wilson, referring to the selected observations taken at

Kingairloch on the pure air coming from the Atlantic, says :

" Air coming from such a region can hardly be considered as

abnormal. Moreover, such observations are necessarily made
in air within a few feet of the ground ; at a greater height it is

likely to be less contaminated." Taking the last of these points

first, an examination of the diagrams given along with the tables,

from which Mr. Wilson made his extracts, will show that when-
ever the air became pure the readings low down and high up
were nearly alike. This is shown by the curves in the diagrams

for Ben Nevis and Kingairloch being nearly alike during these

periods. Further, it may be seen from the curves that there

was sometimes less dust at low than at high level when the air

came from the Atlantic.

An examination of the tables from which Mr. Wilson took his

Kingairloch figures easily refutes his assumption that the air of

the Atlantic, as given in these tables, "can hardly beccnsidered

as abnormal." In the tables will be found the results of tests

made in France, Italy and Switzerland. Observations were
made at three places in France on the shores of the Mediter-

ranean, at Hyeres, Cannes and Mentone. An analysis of the

figures for these places, made during visits extending over five

years, shows that the lowest number observed was 725 per c.c,

and of eighty-eight tests only ten were under 1000 per c.c, the

others being all "over 1000. At the Italian Lakes observations

were made at Bellagio and Baveno. Many of these observations

were made at elevations up to 2000 feet. In all, 188 tests were

made : of these the lowest was 300 per c.c. On only thirteen

occasions was the number under 1000, and 175 readings gave

numbers over 1000 per c.c.

Perhaps it may be objected that all these Continental tests-

were made in low level polluted air. We shall therefore^ now
examine the result of the observations made on the Rigi Kulm,
given in the same tables. The top of the Rigi is 5900 feet above

sea-level, but it has only the purifying effect of 4400 feet, as it is

only about that height above tho surrounding plains. During

the tests, made on the visits during the five different years pre-

viously referred to, 259 observations were taken on thirty-two

days, and the lowest number observed was 210 per c.c. Ninety-

seven observations gave readings under 1000 per c.c, whilst the

other 162 tests were all over 1000 per c.c. These tests, at both

high and low level, give no support to Mr. Wilson's statement

that the Atlantic air on the west coast of Scotland " can hardly

be considered as abnormal."
Let me further support this point by reference to observations

made by others of the air in different parts of the world. Prof.

G. Melander, of Helsingfors, in his work, entitled " Sur la:

condensation de la vapeur d'eau dans I'atmosphere," gives the

results of 268 tests made of the air at Saleve, Biskra, Torhola,

Loimola, Kristianssund and Grip. In all these 268 samples of

air tested there were only five with less than 500 per c.c, and

no low numbers were observed.

I now turn to the very interesting series of observations made
by Mr. E. D. Fridlander and published in the Quarterly

Journal of the Royal Meteorological Society, vol. xxii. No. 99,

NO. 1607, VOL. 62]



August i6, 1900] NATURE 367

July 1896. In this Jpaper Mr. Fridlander gives the results of

his observations made during a voyage round the world from
this country to America, across that continent to Santa Cruz
Bay, from there across the Pacific Ocean to New Zealand, then

to Australia, and homewards by the Indian Ocean, Arabian
Sea and Mediterranean, visiting Switzerland on the way. On
the western side of the Atlantic the numbers were high, being

from 2000 to 4000 per c.c, though the vessel was far from land,

its position being 55° o' N., 42° 11' W. Lower numbers were
obtained between Labrador and Newfoundland, the readings

there being from 420 to 840 per c.c. Readings as low as 280
per C.C. were got in the Gulf of St. Lawrence. On the Pacific

coast the lowest was 700 and highest 4500 per c.c. On the

Pacific Ocean the lowest reading was 280 per c.c. and highest

2125. Few readings were obtained in New Zealand under
1000 per c.c. In the Indian Ocean the air seems to be rather

purer than most places, or at least was so when the observations

were made. Readings as low as 200 per c.c. were obtained,

arid they seldom were over 500. Tests made on only two days

in the Arabian Sea gave a minimum of 280 and a maximum of

1375. One day's tests in the Red Sea gave from 383 to 490
per c.c. The result of two days' tests of the Mediterranean
air gave a minimum of 875 and a maximum of 2500 per c.c. A
result which agrees with that already given for the French
coast of the Mediterranean.

Mr. Fridlander's tests of the air in Switzerland give results

similar to those already referred to for the Rigi Kulm. At
almost all the places the numbers were always over 1000 per c.c,

though the observations were made at considerable elevations.

But on the Riffelberg (altitude 7400), where Mr. Fridlander

spent some days, the numbers varied from 225 to 4000 per c.c.

On the summit of the Bieshorn (altitude 13,600) the lowest

observation gave 140 per c.c, which, so far as I know, is the

lowest number yet observed in Switzerland. When we com-
pare the figures given by Prof. Melander and Mr. Fridlander of

the dust particles in the air of different parts of the world with

those obtained in the Atlantic air on the west coast of Scotland,

we are forced to admit that the latter is abnormally pure.

The rate of fall of cloud particles as given by the calculations

of Mr. Wilson seems to be much too rapid. He assumes that

the air in which clouds are formed is always rising. This can

hardly be said to be the fact. Suppose a large area of the

earth's surface to be covered with cloud, forming a vast sea,

such as one sometimes sees from the top of a mountain. It is

evident that the air over all that area cannot be rising at any
considerable rate, and yet the clouds will be seen to keep nearly

the same elevation for hours. If the air be still, and if Mr.
Wilson's calculations are correct, then the mountains ought to rise

out of such a cloudy sea at the rate of nearly 500 feet per hour,

a phenomenon which, I venture to say, no one has ever seen.

Mr. Wilson seems to think, though all the dust particles in

cloudy air will not become centres of condensation, it is a matter

of no importance, as he thinks the cloud will act as a perfect

filter, by the descending cloud particles coming in contact with,

and absorbing, the inactive dust particles. So that all particles

that do not become active centres of condensation will be carried

out of the air by the falling drops, and leave the air rising

through the cloud particles dustless. He gives no evidence in

support of this assumption other than the purification of dusty

air in a closed vessel with wet sides. Now dusty air in a closed

vessel takes a considerable time to become dust-free, and I

think it may be contended that gravitation plays no inconsider-

able part in the process, perhaps more than the wet sides

referred to by Mr. Wiison. So far as my observations go, there

is no evidence of any such powerful purifying effect in clouds.

At least when making observations in old clouds, both at top

and bottom of them, there were always observed a large number
of dust particles, but whether any had been absorbed by the

cloud particles or not it would be impossible to say. If any had
been absorbed, certainly many were still free.

That clouds have not the purifying effect claimed for them by
Mr. Wilson may be best shown by reference to the observations

made on the Rigi Kulm on May 21, 1889 {Proc. Roy. Soc. Edin.,

vol. xvii. p. 193). On the morning of that day, when I left

Lucerne on my way to the Rigi Kulm, the sky was covered
with cloud, and when ascending the mountain the cloud was
entered at an elevation of about 2000 feet below the top. On
arriving at the top the clouds were still very dense, and remained
so till the evening ; afterwards they settled down to the level of
the kulm, when a vast sea of clouds was disclosed stretching in
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all directions with the peaks of the higher Alps standing out like

islands. Under these conditions the observations made on the

top of the Rigi on that day were evidently taken in air just

above the upper surface of a uniform stratum of cloud 2cxx) feet

deep, where, according to Mr. Wilson, there ought to have been

dustless air, yet the observations showed there were still 210
particles per c.c. Next morning the clouds still extended in

most directions and were much thinner, and the number of dust

particles had increased to over 800.

I may as a well here call attention to the fact that during the

night the upper surface of the clouds had only settled down about

icxx) feet. How much of this was due to the cloud particles

falling through the air, and how much to evaporation, it would
be hard to say. Probably evaporation played the principal part,

as the clouds were now much thinner, and the evaporation

probably took place from the upper surface, as in the morning
the air on the Kulm was dry—the wet-bulb depression being as

much as 6°, and a wind of some strength was blowing from the

south-east. The rate of descent of the particles in this cloud

was therefore much slower than the rate of fall calculated by Mr.
Wilson.

Mr. Wilson, in criticising my remarks on the re-evaporation

of cloud particles, says :
" But all drops that have survived the

great tendency to evaporate which accompanies the initial stages

of their growth will surely continue to grow so long as the rate

of expansion remains the same, or even if it be much reduced."

Here again Mr. Wilson assumes that clouds are always rising.

Now a great part of the life of, a cloud, and the air in which
the particles are carried, is spent in moving horizontally, and
sometimes even downwards, and occasionally with but little

movement in any direction ; and it is during this stable con-

dition that the opportunity is given for the re-evaporation of the

smaller drops. Mr. Wilson points out that if a very slight

proportion of the water in a drop were to evaporate, it would
cool the drop and check the evaporation, a statement with

which all will agree. But though the cooling may check

evaporation, it will not stop it. The particles in a cloud are

close together, and those condensing vapour and .growing

warmer soon part with their heat by radiation and by contact

with the air, so that the heat lost by the evaporating particles

is rapidly supplied to them by the condensing ones, and, as

we shall see later, this exchange of heat takes place at a much
quicker rate than one might imagine.

I do not think that practical chemists will agree with Mr.
Wilson's statement that all the ammonia, nitric acid and other

impurities, out of which the sun can manufacture nuclei, will be
washed out of the air by the rain. The difficulty of removing
the last traces of gases by washing is well known.
Are meteorologists prepared to accept that part of Mr.

Wilson's theory which necessitates the formation of rain-clouds

at an elevation of 7500 feet above the topof the ordinary cumulus
and nimbus clouds ? In other words, are meteorologists prepared

to affirm that there are two distinct rain zones—one where the

ordinary rain-clouds condensed on dust nuclei are formed, then

over these clouds clear air for 7500 feet, above which the ion

rain-clouds are formed ? This upper ion-cloud must result in

rain if the theory is correct, otherwise there will be no separation

of the positive and negative ions. I lea%'e it to the meteorologists

to say whether rain-clouds have ever been observed at elevations

of 20,000 to 30,000 feet—not above sea-level, but above the

surface of the ground.

Mr. Wilson does not seem to think that my remarks on the

rapid growth of cloud particles in supersaturated air have any
bearing on the subject, and objects to my use of the term ex-

plosive in reference to the condition of supersaturated air. If

I had known a better term I would have used it. Though super-

saturated air is in a condition of equilibrium with itself, yet when
nuclei are introduced into it there is at once a rapid rush of

vapour molecules towards the condensing particles, and a rapid

breakdown of conditions all round the nuclei, which seems to

me not at all inaptly compared to an explosion—centripetally,

of course. Mr. Wilson grounds his objection to the rapid

growth of the ion-cloud particles in supersaturated air on the

difficulty and slowness with which the condensing drops part

with the heat developed by the condensing vapour. I shall not

follow Mr. Wilson in his comparison of a condensing with an

evaporating drop, as it is not easy to see the changes taking

place in the latter, but will rather refer to an experiment which

Mr. Wilson, and others who have experimented on this subject,

must often have seen. Take a glass flask in which there is a
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little water, full of ordinary air, and provided with means of ex-

panding the air in the flask, and either returning the air to the

flask, or admitting filtered air. Go on repeating the process of

expanding and cloud-making in the flask. After this has been

done a number of times, the nuclei become fewer and fewer,

and at last only a very few are left in the air. Every one

must have noticed when making this experiment that the cloud

particles are very small on the first expansion, and that they

fall very slowly, almost imperceptibly, but that at the end of

the experiment, when the last dust particles become nuclei,

the water particles are large and fall rapidly like rain drops.

At the beginning of the experiment, with plenty of dust in the

air, there is almost no supersaturation, the nuclei being so close

the tension is relieved as soon as it is formed. When, how-
ever, only a few particles are present, there are large spaces

between the nuclei where supersaturation can take place, and it is

by falling through this supersaturated air that the drops, when
few in number, are able to grow so quickly and become so large.

It therefore seems probable that something of the same kind

will happen if ions were to become nuclei in supersaturated air.

Whenever an ion becomes active it will rapidly grow to the

dimensions of a rain-drop in the same manner and for the same
reason that the dust-nucleused drops do in supersaturated air.

These little drops evidently have a way of parting with the heat

of condensation at a very much quicker rate than Mr. Wilson is

disposed to admit.

It is this capacity for rapid growth in supersaturated air that

makes it so improbable that ions can ever give rise to a cloudy
form of condensation. To form a cloud a large number of them
would require to become active at the same moment. But this

is evidently not possible in a rising column of air. The ions

which rise on the top of the ascending column will become
active first, and by falling through the lower supersaturated air

will grow with great rapidity and give rise to a rainy, but

cloudless form of condensation.

There are some points connected with ions about which I

think the readers of Nature would be glad to have some
information, and which I think Mr. Wilson, with the aid of the

apparatus at his disposal, could give us. For instance, one
would like to know (i) how long ions remain in air in an
inclosed vessel, when both 4- and — ions are present ; (2) when
only -f or - ions are in the air ; (3) whether the presence of

dust has any effect on the duration of their life. For practical

purposes one would also like to know further (i) how many
ions are generally in the air near the ground ; (2) what amount
of electricity they carry with them.

Finally, one would like to know how many ions will pass up
through a cloud and escape at the top ; as one would almost
expect, these ions, with their electric charges, will be more
likely to be cleared out of the air by rain than the dust particles,

and whether both kinds are equally liable to be washed out by
rain. If not, the inequality may help to explain some important
electrical phenomena. John Aitken.

Ardenlea, Falkirk, June 27.

The Melting Points of Rock-forming Minerals.

In connection with the abstracts of papers read before the

Royal Dublin Society by Dr. J. Joly, F. R.S. , and myself,

given in Nature for July 12 (p. 262), I might perhaps be per-

mitted to draw attention to a few points. The same subject

has been recently dealt with by Mr. C. E. Stromeyer {Mem.
Manchester Lit. and Phil. Soc. , vol. xliv. Part iii. No. 7,

1900) and by Prof. Sollas, F.R.S. {Geol. Mag., July 1900).

In the first place it may be noted that the " melting point "

of a substance under a definite pressure has a perfectly definite

meaning. The "softening point," on the other hand, obviously
depends on the magnitude of the distorting force with which the

softness is tested, as well as on the other conditions of experi-

ment.
It is an established fact that the melting points of a very

large number of substances vary with the pressure. Bunsen, as

far back as 1850, perceived the geological application of this

phenomenon. In discussing the crystallisation of plutonic
rocks, it is the melting points of the minerals under enormous
pressures which really concern us. These pressures are

probably sufficient to alter the melting points through several

hundred degrees. There are then two ways open for us to

ascertain these melting points. Firstly, we might determine
them by direct experiment at the necessary large pressures ; or,
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secondly, we might measure the melting points at ordinary
atmospheric pressure and determine the rate of increase (or

decrease) of melting point with increase of pressure {dBjdp).

Considering the gigantic pressures with which we have to deal,

it seems decidedly easier to adopt the second method. The
agreement between the results obtained from the application of
the thermodynamic formula

(ie_ e(v,- v,\

dp L
(where = absolute melting temperature; {vi-v,) = the change
of volume at the instant of melting; L= the latent heat in

mechanical units) with the results of experiments {e.g. M. A.
B&ltelW, /ourna/ de Phys., t. viii. p. 90, 1887), seems to justify

the application of that formula to the case of the minerals in

question, in the absence of direct experiment. It is true that

the formula was deduced for a reversible system, and that no
natural process is reversible. But a similar objection would
hold against the application of any theoretical formula to the
conditions obtainable in experimental work. In the present

case it is only claimed for the formula that it will afford an
approximate estimate of the melting points of minerals under
large pressures ; and after all, even direct measurement of such
high temperatures as are involved is always attended with un-
certainty. In order to apply this formula we require 0, {vi-v,),
and L. The melting points of the most important minerals at

atmospheric pressure have been determined by Dr. Joly and Mr.
R. Cusack {Proc. Roy. Irish Acad., Ser. 3. vol. ii. p. 38 ; vol. iv.

p. 399). A large part of the volume change on melting is,

I submit, afforded us by the difference in density between the

crystalline mineral and its fused glass. Now it is characteristic

of amorphous substances to pass gradually and continuously
from solid to liquid ((/ Preston, "Theory of Heat," pp. 270
and 286) ; and so it is highly probable that such a mineral glass

will pass without sudden volume change into the liquid state,

and it has, in fact, passed gradually in the inverse direction. It

is not contended that any given mineral ever existed as a glass in

the molten magma of an igneous rock, but only that it existed

as a liquid.

In my paper, above referred to, I have shown how the
" fusibility " of a mineral must be connected with its latent

heat, and hence by a comparison of relative fusibility and
melting temperature we may often deduce the relative latent

heats of two minerals. Thus, for example, the "fusibility" of

labradorite is 3 on von Kobell's scale, and its melting point is

1229° C., whereas orthoclase has a melting point of only II75°C.,
but is much less "fusible," viz. 5 on von Kobell's scale.

Hence I infer that the latent heat of orthoclase is decidedly

greater than that of labradorite. Similarly, the latent heat of

augite is less than that of orthoclase. But the volume-change
on melting of augite is greater than that of orthoclase. There-
fore dOjdp is greater for augite than for orthoclase. It is thus

possible to arrive at the order of melting points of minerals

under the pre.ssure of rock formation. If, after ascertaining

this order, it is still found to be inconsistent with the order of

crystallisation, as shown by microsopical examination, it may be
necessary to examine the more complicated influences of solu-

tion, &c., on the crystallising points of the minerals.

In conclusion, I may point out that it must be a matter of

extreme importance in measuring the melting temperature of

quartz to make sure that the specimen used is pure, and in p:\r-

ticular free from the alkalis. Messrs. Shenstone and Lacell

(Nature, May 3, igcx), p. 20) have found that rock crystal

very often contains sodium and lithium, traces of which might
be expected to lower the melting point. Further, it has long

been known that quartz, with a density of 2 '66, passes into the

variety of silica with density 2*3 at a temperature below its

melting point {cf. Fremy, Eiic. Chiin. 6, p. 142). And similar

transformations are common among metals. Is it not possible

then that the phenomena observed by Dr. Joly may have nothing

to do with the fusion point of quartz, but are simply cases of

molecular transformation at a temperature below the melting

point? J. A. Cunningham.
Royal College of Science, Dublin.

Observation of the Circular Components in the
" Faraday Effect."

After repeated attempts to determine the nature of the
" Faraday effect," I have succeeded in observing that ordinary

light, when passing from a surface into a medium in such a way
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as to be under the influence of a magnetic field, is broken up into

two circular components oppositely polarised.

The system used consisted of two rectangular prisms of glass

placed with their diagonal faces parallel and separated by a

plate of mica of approximately \ \ retardation. The lines of

force were parallel to this plate. A ray of ordinary light from a
sodium flame sent into the system normal to this plate was
successively totally reflected parallel to the lines of force and
then at right angles to the mica, which served to change the
phase and to keep the absolute direction of the circular vibra-

tions the same. The rays passed five times around within this

system, giving twenty internal reflections.

The separation of the rays agreed, so far as could be deter-

mined, with the calculations based on the assumptions usually

made in explaining this phenomenon. When the field was
reversed, the direction of vibration of each circular component
was reversed. This does not establish the assumption of a rela-

tive change in the velocities usually made, as a relative change
in the phase of the components, or both, would produce the same
effect. It does show, however, that a medium in a magnetic
field transmits, in the direction of the lines of force, light

vibrations by circular components only. D. B. Brace.
Physical Laboratory, University of Nebraska, August I

.

Physical Structure of Asbestos.

Can any of your readers tell me where I can find a good
account of asbestos and its physical structure? The ordinary
works of reference I am acquainted with give too meagre an
account to be of any use. GEOFFREY Martin.

13 Hampton Road, Bristol, August i.

THE BRADFORD MEETING OF THE
BRITISH ASSOCIATION.

T T is now possible to give a forecast of the chief
-*• subjects to be brought before the various Sections
of the British Association at the forthcoming Bradford
meeting. The following outlines of sectional pro-
grammes show that many matters of importance and
wide scientific interest will be dealt with, so that the
Bradford meeting promises to be a memorable one.
No particulars as to the probable proceedings of the
Physics Section have yet been received.

Chemistry.

Prof. W. H. Perkin, jun., F.R.S., the President of
Section B (Chemistry) is this year setting a precedent
in the conduct of the sectional meetings. Several
members of the Association have been asked to furnish
reports on the present state of knowledge in the parti-

cular departments of chemistry with which they are
especially conversant, and the reading of these reports
will be followed by discussion.

In accordance with this programme, Mr. Francis H.
Neville, F.R.S., will present a report dealing with the
properties and interactions of the metals. The following
questions will be brought forward for discussion in

connection with the report :

—

1. Are the methods usually employed in studying the
equilibrium between two or more substances with change
of temperature immediately applicable to the study of
alloys, and are similar results obtained in the two cases ?

Thus, with varying conditions of temperature and con-
centration, a system of ferric chloride and water deposits
(i) ice; (2) Fe2Cl,„i2H.,0

; (3) Fe.>CI,i.7H.,0
; (4)

Fe.,Cle,5H.p ; (5) FeXI,, 4H2O
; (6) Fe;CI„ or "(7) mix-

tures of the phase numbered n with that numbered
(« -h i) ? Are the solubility curve of ferric chloride and
the freezing point curves of metallic mixtures of the same
kind?

2. How far does (i) microscopic examination, and
(2) change in physical properties, such as electromotive
force, &c., enable us to detect the existence of a compound
in an alloy?
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3. In what definite proportions are metals known to

combine ? Is any regularity manifest with respect either

to their position in the periodic system or to their valency
with regard to non-metals ?

4. What methods are available for determining the
molecular weights of the metals, and can it be asserted

in any cases, other than those of mercury, zinc and
cadmium, that the molecular weight is satisfactorily-

determined ?

5. Can a definition be given of a metallic element
which makes it possible to distinguish between metals
and non-metals ?

6. Can any explanation be given which will satis-

factorily account for (i) the difference between metallic

and electrolytic conduction, and (2) the remarkable
changes in the electrical conductivity of metals attending
admixture ?

As some of the questions bearing upon this subject

are of as great importance to the physicist as to the
chemist, physical members of the Association are to be
invited to join in the discussion. Dr. Adolf Liebmanti
will contribute a report on recent improvements in the
treatment of textiles, a subject which acquires peculiar

importance from the fact that the 1900 Meeting of the
Association is being held in the centre of a district

devoted to the textile industry. Dr. Arthur Lapworth
will give a report on our knowledge of the chemistry
and constitution of camphor. Attention has of late

years become so concentrated on the chemistry of the
camphor group as to make an authoritative discussion on
the constitution of camphor almost a necessity to the

organic chemist. Mr. William J. Pope will present a
report on our present knowledge of stereochemistry ; it

is understood that special attention will be given in this

report to the work done during the past twelve months
on the optical activity of compounds containing an
asymmetric nitrogen, tin or sulphur atom. Among the

other papers to be presented at the meeting is one on
the specific heat of gases at temperatures above 400%
by Prof. H. B. Dixon, F.R.S. ; and Mr. H. T. Brown,
F.R.S., will give an account of his recent work on the

diffusion of gases and liquids. The papers of special

local interest include one on the treatment of Bradford
sewage, by Mr. F. W. Richardson, the City analyst ;

and also a paper on the treatment of woolcombers'
effluents, by Mr. W. Leach. The title of the sectional

address to be delivered by the President is, of course, not
yet announced ; it is understood, however, that the address
will deal with the teaching of chemistry.

Geology,

The proceedings of Section C (Geology) will open at

10.30 a.m. on Thursday, September 6, with the delivery

of the address of its president. Prof. W. J. Sollas, who
has chosen for his subject, " The History of the Earth in

relation to a Scale of Time." Prof. Sollas will take a
wide scope in discussing this subject, and will introduce
such fundamental matters as the constitution of the

earth, the relative value of the various geological periods,

the origin .of ocean basins, the formation of mountain-
chains, and the evolution of the organic world. We may
be sure that his discourse will be brilliant and suggestive.

It is probable that Prof J. Joly will also treat on the

knotty problem of the duration of geological time at the
same, or a subsequent, meeting of the Section.

As befits the place of meeting, the geology of the
Carboniferous rocks will receive much attention. A joint

discussion with the botanists (Section K), on the con-

ditions which existed during the growth of the forests of
the Coal Period, will be held on Monday, September 10,

when Mr. A. Strahan and Mr. J. E. Marr will open the

debate from the geologist's standpoint. The Coal-

measures of the West Riding form the subject of a paper
by Mr. W. Cash, and those of North Staffordshire of one
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"by Mr. W. Gibson, of H.M. Geological Survey ; while the

fossil fishes of the Carboniferous rocks will be discussed

by Dr. E. D. Wellburn. Prof. W. B. Scott has promised

^ paper, with lantern illustrations, on the geology and
palaeontology of Patagonia, which promises to be of great

interest. Prof. A. P. Coleman, of Toronto, brings forward

an account of a ferriferous horizon in the Huronian of

Lake Superior, and will also present the final report of

the Committee for the investigation of Pleistocene de-

posits in Canada. Mr. J. J. H. Teall will describe a

plutonic complex of Sutherland, and its bearing on
current hypotheses as to the genesis of igneous rocks.

•Glacial subjects, as usual, will receive due attention
;

papers on the local phenomena will be brought forward

by Dr. Monckman and Messrs. Muff, Jowett and others,

-and on those of Welsh localities by Mr. E. Greenley and
Mr. J. R. Dakyns. The concretions of the magnesium
limestone of Durham will be discussed by Dr. Abbott.

Tidal ripple-marks will be described by Mr. Vaughan
•Cornish ; and the caves and pot-holes of Ingleborough
and district by their explorer, Mr. S. W. Cuttriss, in

both cases with lantern illustrations. Mr. A. C. Seward
will treat of the Jurassic flora of the Yorkshire coast.

Among the reports of committees will be that which deals

with the course taken by underground waters in the Ingle-

borough district, giving the result of recent experiments
;

and excursions have been arranged to the sites of the

investigation. As usual, short afternoon sectional excur-

sions to places of geological interest in the neighbour-
hood of Bradford will be included in the arrangements
of the Section.

Zoology (and Physiology).

Dr. R. H. Traquair, F.R.S., the President of Section
D (Zoology and Physiology), will address the Section on
" The Bearings of Fossil Ichthyology on the Doctrine of
Descent." Major Ronald Ross will (by request) address
the Section on " Malaria and Mosquitoes." Messrs.
<jamble and Keeble will give an account of their

researches on the "Colour-Physiology of Hippolyte,"
illustrated by lantern projections and practical demon-
strations. Prof. L. C. Miall, F.R.S., will read a paper
on the "Respiration of Aquatic Insects"; and other
papers on the natural history of insects will be given
by Messrs. T. H. Taylor, Wilkinson, Walker, and Dr.
Munro. Prof. S. J. Hickson, F.R.S., will read a paper
on " The Nuclei of Dendrocometes." Among the reports
^f committees, Mr. Stanley Gardiner's account of his

researches on the Coral Islands of the Indian Ocean is

-awaited with particular interest.

Geography.

In Section E (Geography), the President, Sir George
Robertson, will deliver his address on Thursday, Sep-
tember 6, at II a.m. The subject of the address is

appropriately " Geography and the Empire." Amongst
the subjects to which special attention will be directed
in the Section may be mentioned that of " Colonial and
Foreign Surveys." Papers dealing with these will be
read by Mr. E. G. Ravenstein and Mr. B. V. Darbishire

;

and Dr. H. R. Mill will contribute a paper on " The
Treatment of Regional Geography." Problems of applied
commercial geography will be dealt with by Mr. G. G.
Chisholm in a paper on "Some Consequences that may
be Anticipated from the Development of the Resource's
of China," and Mr. E. Heawood on the " Commercial
Resources of Africa."

An important paper on " Railway connection between
Europe and Asia" will be contributed by Sir Thomas
Holdich ; and it is hoped that Mr. C. R. Beazeley will

return in time to give an account of his journeys on the
recently-opened portions of the Siberian Railway.
The excellent work initiated by Mr. T. G. RoopeV

while H.M. Inspector of Schools at Bradford, a i
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carried on by Mr. E. R. Wethey, one of the secretaries

of the Section, makes papers on " School Geography,"
and the teaching of elementary geography generally, of
special interest at this meeting. Mr. Rooper and Mr.
Wethey will each describe parts of their work, and will

exhibit some of the maps and models used as illustrations,

in the exhibition which forms a novel feature of the
Bradford meeting.

In the department of geographical exploration, Mr,
C. E. Borchgrevink will give an account of the voyage of

the Southern Cross in the Antarctic regions. Captain
H. P. Deasy will describe his journeys in Central

Asia ; Captain E. S. Grogan contributes a paper, " Through
Africa from the Cape to Cairo" ; and Mr. Cutliffe Hyne
one on " Arctic Lapland."
On special and more technical subjects there will be

papers on "Large Earthquakes in 1899," by Prof. John
Milne ; on the " Distribution of Relative Humidity," by
Mr. E. G. Ravenstein ; on " Snow Ripples," by Mr.
Vaughan Cornish ; and on " The Origin of Moels," by
Mr. J. E. Marr.

Mechanical Science.

Sir Alexander Binnie, the President of Section G
(Mechanical Science), will survey the various stages of

scientific progress which have led to the modern con-

ception of natural phenomena. Several interesting

papers by local engineers will be read before the

Section. One, by Mr. J. Watson, will describe the

Bradford waterworks and the very fine reservoirs

belonging to that system. In connection with this

there will be an excursion on the Saturday to the

reservoirs. A paper will be read by Prof. Hele-Shaw on
the resistance of road vehicles to traction. A proposal

will be made to appoint a committee of the Association

to carry out an exhaustive series of experiments on road

resistance. Much interest will no doubt be excited by
the paper which is to be read by Mr. J. H. Glass on the

coal and iron ore fields at Shansi and Honan, and rail-

way construction in China. This paper will be illustrated

by a number of lantern slides showing the Chinese

methods of working these mineral deposits. In view of

the great industry of Bradford, the paper by Prof.

Beaumont on the application of photography to textile

designing is likely to create great interest. In the

department of electrical engineering there is a good
programme of papers. The Small Screw Gauge Com-
mittee will submit a report descriptive of a series of

experiments which have been carried out by Mr. Price

in the engineering laboratory at University College,

London ; and in connection with this, a paper will be read

by Mr. O. P. Clements on screw threads used in cycle

construction and for screws subject to vibration. Mr. A.

Mallock will give an account of experiments he has

made to determine the tractive force, resistance, and
acceleration of electric trains. Mr. Aldridge's paper on

the automobile for electric street traction will describe a

novel process, by means of which, in certain circum-

stances, it is possible to organise a tram service without

tram rails, and this paper will be illustrated by the

cinematograph, showing an actual system at work.

Anthropology.

In the Anthropological Section, the President, Prof. J.

Rhys, proposes to devote his opening address to " the

prehistoric ethnology of the British Isles," a subject

full of matter for discussion, on which he is entitled

to speak with peculiar authority. Several important

papers are expected in the department of anthro-

pometry, especially a note by Dr. Beddoe on the

"vagaries of the Cephiilic Index," and a paper by Prof.

Cunningham on the " Sacral Index." Mr. H. Ling Roth
contributes a classification of various modes of orna-

menting the skin, such as tattooing, cicatrisation, and
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the like. Dr. Haddon promises an account of his recent

visit to Borneo, with special reference to the industries

and daily life of the natives. A discussion is being
arranged on the subject of " .A.nimal Worships," with

reference to the vexed question of the significance of

totemism ; and Mr. David Boyle, of Toronto, will con-

tribute a study of the phenomena of Neo- Paganism
among the natives of certain parts of the Dominion of

Canada. Among other archcX>ological papers, special

interest attaches to Mr. Arthur Evans's account of his

recent discovery of tablets inscribed with an yEgean
script, in the Mycenaean palace of Gnossus in Crete ; and
to Mr, F. LI. Griffith's discussion of the origin of the

Egyptian hieroglyphic system. There will be papers, as

usual, on objects of archaeological interest in the neigh-

bourhood of Bradford.

Botany.
Prof. Vines, the President of Section K (Botany), in

his address on Thursday, September 6, will take as his

subject the progress of botany in the nineteenth century.

It has been arranged to hold a joint discussion with some
of the members of the Geological Section on the con-
ditions under which the forests of the Coal Period grew.

The origin and manner of formation of Coal, the climatic

and physical conditions which prevailed during the

deposition of the Coal-measures, the most striking

characteristics of the vegetation, and other questions will

probably be dealt with. The local committee propose
to form a small museum of specimens and photographs
to illustrate the botany and geology of the Coal Period.

On Friday afternoon a semi-popular lecture, illustrated

by lantern slides, will be delivered by Mr, Percy Groom,
on " Plant-form in relation to nutrition."

Among the papers already promised, the following
may be mentioned : —On the presence of seed-like organs
in certain PaLneozoic Lycopods, by Dr. D. H. Scott ; the

origin of modern Cycads, by Mr. Worsdell ; the fertilisa-

tion of Callha pa/ush-is, by Miss Thomas ; on a new
type of transition from stem to root in seedlings, by Miss
Sargant ; the anatomy of the stem oi Angiopteris evecia,

by Miss Shove ; the structure of the nucleolus, also a
demonstration of the structure of the eye-spot and
tlagellum of Eu^lena^ by Mr. Wager ; the biology and
cytology of a new species of Pyihium, by Dr. Trow ; the
biology of Acrospeira niirabilis^ by Mr. Biffen ; the
histology and reproduction of the Laminariaceae, and
additional notes on the cytology of the reproductive cells

in the DictyotaceiE and Fucaceae, by Mr, J. Lloyd
Williams ; on the effect of salts on the CO.^ assimilation

of Ulva latissima, by Mr. Arber ; on fungi "found on the
scale-insects of Ceylon, by Mr. Parkin ; the structure
and affinities of Dipteris conjugata, with notes on the
geological history of the Dipteridinas, by Mr. Seward
and Miss Dale.

RECORDING TELEPHONES.
XT OW that the telephone has become, even in this
^^ country, an instrument of such universal com-
mercial and general employment, the advantages of an
apparatus that will satisfactorily record the messages
transmitted through an ordinary telephone line are so
strikingly apparent that it is unnecessary to enlarge upon
them. That it should have been possible to construct such
an apparatus has been evident since the invention of the
phonograph. But the direct combination of the phono-
graph with the telephone, which seems so simple in

theory, has presented difificulties in practice which up to
the present have not been successfully overcome, and
the phonograph of to-day, over twenty years since its

invention, remains little more than a scientific toy,

whereas its contemporary, the telephone, has become an
almost indispensable adjunct of civilisation. It would
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appear, however, that the problem of recording tele-

phone messages is nearing a practical solution, for

there have been quite recently put forward, under the
names respectively of the "Telephonograph " and the
" Telegraphone," two separate inventions of a recording
telephone.

The first of these instruments—the "Telephonograph "

—is the invention of Mr. E. O. Kumberg, and contains
little that is novel in principle, being siinply a combina-
tion of the phonograph with a loud-speaking telephone
receiver, in which the inventor has sought by a suitable

design of apparatus to diminish the distortion of voice

which is usual with such an arrangement. The invention

consists of a phonograph in which a loud-speaking
telephone receiver is substituted in place of the ordinary
diaphragm to which one speaks. The telephonic currents

varying in the receiver set up vibrations in a soft iron

diaphragm which is attached by a short stiff wire at its

centre to a second diaphragm of mica. The centre of
this mica diaphragm is connected by a link with the

cutting style, which accordingly traces on the wax.
cylinder of the phonograph a record of the message
transmitted through the telephone. The cylinder can
then be subsequently used in connection with the

speaking diaphragm of the phonograph to repeat the

recorded message. Unfortunately, neither the telephone
nor the phonograph is free from distortion, and the
"Telephonograph" may be expected to possess in an
enhanced degree the imperfection of each of its com-
ponents ; from what we learn, it seems that Mr.
Kumberg's invention is by no means perfect in

articulation.

The second instrument which has been brought for-

ward under the name of the "Telegraphone" is, we
believe, entirely new in its principle, and if it realises but

a part of what is claimed for it by its inventor represents

a very great advance in telephony. This instrument is

the invention of Herr Valdemar Poulsen, a Danish
electrician, and is on view at the Paris Exhibition. It is

briefly described in a note contributed by Herr Poulsen

to the Comptes rendus for June 25, and somewhat more
fully in an article which appears in the Revue Gen^rale

des Sciences for June 30.

It is, of course, perfectly well known that if a piece of

steel be placed between the poles of an electromagnet

which is excited by a current, a magnetic field is set up
in the steel, the strength and direction of which depend
upon the strength and direction of the current in the

exciting coils of the electromagnet, and the magnetism,
thus induced in the steel is still retained by it when,

removed from the inducing magnetic field. This is the

principle which Herr Poulsen has utilised in the con-

struction of his new recording telephone. In place of

the ordinary telephone receiver he uses a simple electro-

magnet, the current transmitted through the telephone

line passing round the exciting coils of the magnet.
When, therefore, any one speaks into the transmitting

instrument at the far end of the telephone line, the

magnetic field due to the electromagnet will vary ia

strength and direction in accordance with the varying^

electric currents transmitted through the lines. Between
the poles of the magnet is passed a steel wire or band,

which is moved forward in the direction of its length at

a uniform and rapid velocity. At each point of this wire

there will be produced a magnetisation proportional to-

the current which was flowing through the coils of the

electromagnet at the moment when that section of the

wire was passing between its poles. There will thus be
established in the steel wire a magnetic record of the

telephonic message, and just as the varying electric

currents have been utilised to produce in the wire a
magnetisation varying from point to point along its

length, so, by the converse process, may this magnetisa-

tion be employed to set up currents in a telephone;
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receiver, and thus reproduce the original speech. It is

only necessary to connect the coils of the electromagnet

in series with a receiving telephone, and to cause the

steel wire on which the magnetic record has been made
to pass once again at the same speed and in the same
direction between the poles of the magnet ; for the

variation of the magnetic field which the wire produces
as it moves along will generate currents proportional to

the rate of variation of this field, and the telephone will

respond in the same way, and with the same degree of

accuracy, as did the receiving telephone in the early Bell

combination of a pair of magneto-telephones prior to the

employment of a rriicrophone and a battery.

The diagrams in Figs, i and 2 show the arrangement
of the apparatus, c is the electromagnet on which are

the bobbins of wire B and b', which are connected either

to the transmitting or receiving instrument according as
it is desired to record a message or to listen to one
already recorded. Between the poles P and p' of the

electromagnet passes the steel wire F, which is wound in

a helix over two drums, T and t', to which the ends of it

are attached and which are driven by an electric motor.

Fig. 2.

SO that the wire winds off one drum on to the other.

The drums rotate at such a speed as to give the wire a

linear velocity between the poles of a metre per second.

At the same time the magnet C is moved at right angles

to the direction of motion of the wire, so that for one
revolution of the drums the magnet moves a distance

equal to the pitch of the helix.

The message thus recorded can be effaced, according

to Herr Poulsen, by the simple process of passing the

steel wire between the poles of the magnet when the

latter is excited by a steady current from a battery.

This operation establishes in the wire a uniform magnetic
field at right angles to its length, and this field, so far

from interfering with recording a future message, appears
to be necessary before any such record can be made.
But if it be desired to keep the record, this may be done
instead, and the wire used over and over again to repeat

the same message. A thousand repetitions can be
made, it is said, without any diminution in loudness or

distinctness.

If the recorded message is not sufficiently loud, it is

possible with a comparatively simple arrangement to
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greatly increase its loudness. For this purpose it is

necessary to arrange a series of parallel steel wires or
bands as shown in Fig. 3, all of which have been pre-
viously prepared for receiving a magnetic record by being
passed between the poles of a magnet excited by a
steady current. The wires are moved at a uniform rate.

The first wire, i, passes first between the poles of an
electromagnet M, which is connected to the telephone
line, and consequently receives a magnetic record of the
transmitted message. The wire next passes between the
poles of a second electromagnet. A, which is connected
in series with a similar magnet a', between the poles of
which the second wire, 2, passes. As the wire i passes
between the poles of the magnet A currents are induced
in the coils of this magnet, which, traversing also the
coils of the companion magnet a', produce a magnetic
record in the wire 2. A similar action occurs as the
first wire passes between the poles of the magnets B,

c, . . . z, which are connected in series with the
magnets b', c', z', so that there is established in each
of the wires 2, 3, 4, . . . «, similar magnetic records. The
wires 2, 3, 4, ... « pass finally between the poles of a
number of electromagnets, fi2> ^3' ^4) • • • O") which
are all joined in series with a telephone receiver, T. If

the two magnets which are joined together in series,

such as A, a', b, b', . . . are arranged in the same per-

pendicular to the direction of the steel wires, and if all

—i 9 » ^
;- 2

^o.
..^Ll

3' -^

Z'

the wires are moved forward with the same velocity, then

the magnetisations in the various wires — 2, 3, 4, . . . //

—

at points lying in the same perpendicular will be similar ;

and since all these points will pass at the same instant

between the poles of the magnets Q..^, Q3, O4, . . . fi»,

they will there superpose their effects, and the intensity

of the sound in the telephone, T, will be increased in

proportion to the number of wires. It seems possible,

therefore, with this device to indefinitely increase the

loudness of the received message, and with quite a

simple arrangement to easily double or treble the

intensity of the sound.
There is a second ingenious method by which it is

suggested that an increase in loudness can be obtained.

In this advantage is taken of the fact, already pointed

out, that the strength of the currents induced in the

coils of the receiving electromagnet depends on the rate

of variation of the magnetic field : it is therefore possible

to increase the strength of the currents induced by a

field altering from one given strength to another by
diminishing the time in which such alteration occurs.

If, therefore, we have a steel band on which a magnetic

record has been made, we may increase the strength of

the currents it will induce in the electromagnet connected

to the receiving telephone—and consequently the loud-

ness of the repeated message—by simply increasing the
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speed at which the band passes between the poles of that

electromagnet. But in order to obtain the amphfication

of the sound in this manner, it is apparent that the band
must be moved more quickly when used to repeat the

message than it was when used to record it, and thus

the increased loudness will be accompanied by an in-

creased quickness, and probably at a sacrifice of clear-

ness due to the alteration in pitch. For if the speed of

the band when used for recording be increased, the effect

will be merely to spread out the message along the wire,

as the intensity of the magnetisation set up in the wire

depends only on the strength of the currents transmitted

through the telephone, and this strength is determined
by the loudness and quickness with which the message
IS spoken at the transmitting end
The invention of Herr Foulsen may be looked upon as

the invention of a magnetic phonograph, and must be
regarded as an extremely ingenious and beautiful attempt

at the solution of the problem of recording telephonic

messages. It possesses many advantages over the com-
bination of the telephone and the wax-cylinder phono-
graph, especially in the fact that the recording is effected

by the immaterial agency of magnetism, and not by the

mechanical agency of a style writing on wax, so that the

imperfections in the articulation due to mechanical
causes should be entirely absent. The method of in-

creasing the loudness by the use of a number of parallel

bands appears exceedingly simple, and offers a possible

means of making a telephonic relay, and thereby in-

creasing the limits of distance to which sound can be

transmitted ; it is a method which might be imitated

with the ordinary phonograph, by causing the message
recorded on the wax cylinder to be repeated to one or

more other cylinders, and finally making all repeat their

records simultaneously ; but in this case the practical

difficulties would be very much greater. That Herr
Poulsen's invention is still only in an experimental stage

may be gathered from the fact that though the instrument

itself is on view at Paris, it has been found too difficult

at the Exhibition to make the necessary adjustments to

exhibit it in operation publicly ; but we await with in-

terest its further development, for the introduction of a

trustworthy recording telephone would be a benefit to

the public, for which it is to be hoped they will not have
long to wait.

NOTES.
The French Minister of War has invited the Paris Academy

of Sciences to advise as to the precautions to be adopted in

^ selecting and planting trees in the neighbourhood of powder

magazines, in order to secure the best protection from lightning.

The Chancellor of the German Empire has issued an ordi-

nance to the effect that the Reaumur thermometer will not be

admitted to official control after January i, 1901. This will

lead to the exclusive use of the centigrade thermometer in

Germany.

The International Congress of Physics, held in Paris last

week, appears to have been a complete success, more than a

thousand members, including leading physicists of many nation-

alities, having been obtained. Lord Kelvin received a grand

ovation at the opening meeting, and was nominated honorary

president of the Congress.

M. OusTALET and M. Depousarques are the two candidates

who have been nominated by the Paris Academy of Sciences

for the chair of zoology in the Museum d'Histoire naturelle,

rendered vacant by the death of Prof. Milne- Edwards. The
appointment rests with the Minister of Public Instruction.

The Athenaeum announces that Prof, Virchow has been

elected an honorary member of the Mathematical and Natural
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Science Section of the Vienna Akademie der Wissenschaften,
while Prof. Klein, of Gottingen, has been appointed corre-
sponding member of the same section.

The attention of persons interested in zoological gardens and
keeping captive animals should be directed to the passing of the
" Act for the Prevention of Cruelty to Wild Animals " (63 and
64 Vict., Ch 33), which has just become law. This Act extends
the provisions of the "Cruelty to Animals Acts 1849 and
1854" (which related to domestic animals only) to all birds,

fishes and reptiles not included in that Act. By Sect. 2 of
the new Act, " Any person shall be guilty of an offence who,
whilst an animal is in captivity or close confinement, or is

maimed, pinioned, or subjected to any appliance or contrivance
for the purpose of hindering or preventing its escape from such
captivity or confinement, shall, by wantonly or unreasonably
doing or omitting any act, cause or permit to be caused any
unnecessary suffering to such animal ; or cruelly abuse, infuriate,

tease, or terrify it, or permit it to be so treated." Any person
committing such an offence may be proceeded against under the

Summary Jurisdiction Acts, and on conviction is liable to be
imprisoned for three months or fined £«).

A Reuter telegram from St, Petersburg states that the

Imperial Academy of Science has just received news from the

Russian expedition at Spitsbergen stating that in the month of

September last the members of the expedition in question had
erected, at Horn Sound, observatories for conducting meteoro-
logical, magnetic, astronomical and astrophysical researches.

On October 20 the sun disappeared for four months, and at the

end of October absolute and continuous night set in. The
members of the expedition applied themselves constantly to

scientific observations after November 17. On February 22 the

sun was seen again for the first time. On June 5 and 8 the first

boats arrived, ending the complete isolation of the expedition,

which had lasted for nine months.

The" annual meeting of the French Association for the

Advancement of Science was recently held at Paris. General

Sebert, the president, delivered an address on the progress of

mechanical industries and the means of developing them. In

the course of his remarks he alluded to the value of technical

education and research as factors in national advances. " It

is noteworthy," he said, " that progress in mechanical industries

has always coincided with the development of technical educa-

tion in the countries in which the industries are carried on.

The most rapid progress takes place in the countries where in-

stitutions for experiment and research are most numerous.

Wherever research laboratories have been established to permit

the study of the best conditions of invention, there the most

marked advances first take place." The Association's grants

for scientific purposes, made at the recent meeting, amounted to

21,241 francs, or about 850/.

Mr. a. R. Hunt, writing from Torquay with reference to

our note (p. 322) on the rumbling sounds heard at Bognor and

Torquay on July 18, says : " I happened to go into my garden

a few minutes after ten on the date named, and was at once

conscious of a very unusual pulsating rumble. My first idea

was earthquake, but the sound came steadily from one point,

roughly south-east; and at last died away into distinct taps."

The observation is interesting in showing how far the individual

reports can be heard (see p. 378).

Mr. J. .Stirling, Government geologist of Victoria, New
South Wales, is at present in London as the mining representa-

tive of the Victorian Government, and during his stay here

proposes to address some of the scientific, professional and mining
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organisations of the United Kingdom on matters of origina

research in Australasia. He will give an address at the Conven-

tion of Mining Institutes of Cornwall during August, and

subsequently at Manchester, Bristol and other centres.

Some interesting information as to the actual experience of

nations who have adopted the metric system is given in a

number of reports from Her Majesty's consular and other officers

in Europe, which have just been brought together and published

by the Foreign Office. H.M. representatives in twenty-two

States were asked to give information upon the following points.

(i) The ease or difficulty with which the change of systems was
made, the manner of introduction of the metric system, and
the time occupied in making the change ; (2) How far the

metric system is satisfactory in its practical operation, and
whether there is any desire to return to former systems

; (3) As
to the effect the adoption of the metric system has had upon the

commerce of the nations adopting it. The answers received to

these questions go to show that the best way to introduce the

metric system is to make it compulsory afcer a specified period.

The change from the old to the new system is slow in country

districts, but as new generations come on familiar with the

metric measures the old measures gradually drop out of use. In

Turkey, the difficulties of enforcing the system upon an ignorant

and illiterate people have proved insurmountable ; but in the

majority of States from which information has been received,

the system is becoming more extensively used every day. Once
the system has been adopted there is no desire to return to the

old measures, and the effect upon commerce is always bene-

ficial. In fact, the reports greatly strengthen the position of

those who urge that the metric system should be adopted in

England, if only for the sake of British trade.

It was mentioned in these columns some time ago that the

wire fencing of great sheep farms in some parts of Australia was
used as telephone wires. A recent report from H.M. Consul at

Philadephia states that this system of communication is being

employed by farmers between the towns of Anderson, Pendleton

and Ingalls, in Indiana. The top wire of a barb-wire fence is

used as the conductor, the continuity of the line beuig assured

by special devices at highways and railway crossings. The line

is fourteen miles in length with five stations, two at Anderson,
two in Pendleton, and one at Ingalls. Local farmers state that

they have used the " fence-line" to converse with friends eight

miles distant, and this at a time when the fence posts were still

saturated with the morning dew, a condition under which the

line is supposed to work with least satisfaction. It is stated that

the line has been such a practical success that the farmers of the

neighbourhood are organising companies for the purpose of

placing themselves in telephonic communication throughout the

whole district.

An excellent article dealing with the photographic side of

the suggestions as to analytical portraiture made by Mr. F.

Galton in Nature of August 2 appears in Photography of

August 9. Illustrations are given of results obtained by com-
bining two portraits of a single person in the same pose, but

having different expressions during the two exposures. In one
picture the sitter has a normal expression ; in the other he is

smiling. A transparency was made from the normal negative
;

and when this positive and its negative were superimposed
they neutralised one another. But by placing the positive of

the normal expression of face upon the negative of the smiling

expression, the two do not, of course, exactly obliterate one
another. Certain parts of the features are common to both, and
these disappear when the different positive and negative are

|

superimposed, leaving only portions which represent the smile

of the sitter's features. In a similar way, by superimposing the

positive of a glum portrait upon the negative of a normal
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expression, it is possible to obtain differences representing an
individual's glumness. Readers of "Alice in Wonderland"
will remember that the Cheshire cat gradually disappeared and
left only its grin behind. This facetious idea has now been
realised, for as our enterprising contemporary points out, Mr.
Galton's analytical portraiture shows how the factors of a grin

or a scowl can actually be discriminated, so that a grin can be
obtained without the face upon which it appeared.

A Reuter telegram from Liverpool, dated August 12, makes
the following announcement :—-The second malarial expeditior>

of the Liverpool School of Tropical Medicine has just wired
home from Bonny, in Nigeria, news of a most important
discovery—viz. that the parasite which causes elephantiasis has,

like that which causes malaria, been found in the proboscis of
the mosquito. Oddly enough, the same discovery has just been
simultaneously made by Dr. Low in England in mosquitoes
brought from Australia, and by Captain James in India.

Elephantiasis is a disease which causes hideous deformity in

thousands, or rather millions, of natives in tropical countries,

and sometimes in European residents. It is due to a small worm
which lives in the lymphatic vessels and occludes them. The
fact that this worm can live also in the mosquito has long been
known, but the discovery of it in the insect's proboscis shows
that it enters the human body by the bites of these pests.

Europeans in the tropics are indebted to mosquitoes, not only for

much discomfort, but for two dread maladies—malaria and
elephantiasis ; and it is high time that the authorities should
begin seriously to consider Major Ross's advice to destroy these

insects or their breeding-places wherever practicable.

The medical papers contain detailed reports of the Thirteenth
International Congress of Medicine, which was held in Paris at

the beginning of this month under the presidency of Prof. O. M.
Lannelongue. Among the representatives of Great Britain were
Sir William MacCormac, Sir T. Lauder Brunton, Sir J. Burdon
Sanderson, Sir Dyce Duckworth, Sir Felix Semon, and Prof.

Simpson. A banquet in honour of Lord Lister was arranged by
Prof. Charles Richet and the " Scientia " social society. Speeches
expressing admiration of Lord Lister's work, and describing

the influence it has had upon various branches of medical and
surgical science, were made by Prof. Richet, Dr. Bouchard, Prof.

Guyon. Dr. Lucas Championniere, and Dr. Pinard. In his

reply. Lord Lister said he regarded the banquet as being in

honour of the noble science of surgery and the Royal Society of

London, of which he was the president. It showed that the

scientific world knew nothing of the misunderstandings between
peoples of different nationalities, and that men of science had
mutual respect for one another at all times. Lord Lister added :

"I have often said, and it gives me pleasure to repeat it this

evening, that I owe much to Pasteur. It is true that I was
passionately fond of physiology and surgery. The nature of in-

flammation was the subject of my first investigations. As a

surgeon, I deplored the disastrous results which often followed

the most skilful operations, and I saw, what many others had
doubtless remarked before me, that the most important troubles

of a wound were due to changes in the tissues of the body after

the operation, and had an external origin. But all my efforts to

avoid these complications were unavailing until Pasteur threw a

new and strong light upon the subject, and indicated a possible

course of action which I have done my best to follow. That is

all. If my efforts have been followed by such beneficial results

as have been generously described by speakers this evening, the

success must, in a great measure, be ascribed to the fortunate

chance of my time."

The report of the Zoological Gardens of Ghizeh, near Cairo,

for the year 1899, gives a good account of the progress of this

Institution, which, under the rule of its present director. Captain
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Stanley Flower, has become a popular place of resort for the

European visitors to Egypt, as well as for the Cairenes. The
receipts in 1899 were 3033/., of which 968/. were for gate-

entrances, and the expenditure was 3019/, The list of donors

includes many well-known names, amongst which we see those

of Sir William Garstin, Prince Omar Tousson, Sir F. Wingate

and Lord Kitchener. The Government of India presented an

elephant. Various new buildings were erected, and others were

reconstructed in 1899. The number of animals in the collection

on October i of that year was 473, against 270 at the corre-

sponding date in 1898. A list of wild birds that inhabit the

Ghizeh Gardens, and in many cases breed there, enumerates

nineteen species, amongst which is the European song-thrush

{Titrdus tnusicits). Two proboscis monkeys (A^asa/is larvatus),

presented by the Government of the Netherlands East Indies,

unfortunately did not live long. We are informed that since the

report was issued Captain Flower has succeeded in bringing to

the Ghizeh Gardens from the Sudan a fine young giraffe,

presented by the Sirdar.

Writing from Mashonaland in May, Mr. G. A. K. Marshall

raises, in the August number of the Entomologist, what appears

to be a pertinent question with regard to mosquitoes and malaria.

If it be admitted, he observes, that malaria can only be carried

by mosquitoes of the genus Anopheles, and that these insects

can only acquire the microbes from malarially-infected man,
"then we are logically bound to accept the conclusion that if

a man, or party of men, free from malarial poison, should

penetrate from a healthy area into an unhealthy but uninhabited

region, it would be impossible for them to contract fever, how-
ever much they might be bitten by mosquitoes. Further, it

follows that all uninhabited regions, even of comparatively

small size (seeing that the range of individual species of Ano-
pheles is apparently very limited in extent) must be entirely

devoid of malaria, even though they may be full of swamps and
teem with mosquitoes." Such conclusions are, however,
contrary to experience, and if the writer's premises be correct,

his difficulty requires an explanation at the hands of specialists.

The Walcott collection of Hymenoptera, now in the Cam-
bridge University Museum, his yielded to the researches of Mr.

R. C. L. Perkins ^^Entomologists' Monthly Magazine for

August) a species (OJyneriis tomentostts) new to the British

fauna. Considering that the greater part of the collection was
made in the first half of the century, it is not a little remarkable
that the species should have escaped notice so long.

The large scale on which they do things in America has
Ijecome a proverb. An instance is afiforded by Mr. J. B.

Smith's description of one hundred new species of moths of the

family Noctuidne in vol. xxii. of the Proceedings of the U.S.
Museum.

To vol. xxix. No. 13 of the Proceedings of the Boston
Society of Natural History Dr. H. S. Pratt contributes an im-
portant paper on the embryological history of the so-called

imaginal discs of the sheep-tick {Melophagus avintts). For the

benefit of our non-entomological readers it may be mentioned
that these imaginal discs, or folds, are structures in the larva

and pupa which do not participate in the general breakdown
of tissue at the periodical changes, but undergo continuous
development into the corresponding parts of the perfect insect.

Hitherto, the author says, these structures have been studied

only in the larval and pupal stages ; and he for the first time
describes their origin and early stages of growth.

Four out of the nine papers in Part i. of the Proceedings of

the Philadelphia Academy for 1900 are devoted to the land and
fresh-water molluscs of America. In the first of these Mr.
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C. T. Simpson descri!)es a numl)er of new or unfigured river

mussels (Unionidas) ; the second, by Mr. W. H. Dall, treats of

the land-shells of some of the Pacific Islands, more especially

those of the Galapagos and Cocos groups ; in the third, Mr, H. A.

Pilsbry discusses the anatomy of the helicoid genus Ashmun-
ella, and in the fourth the molluscs of the Great Smoky Moun-
tains. This last communication is perhaps the one of most

general interest, since the author is of opinion that the cleft in

the Appalachian chain formed by the valley of eastern Tennessee

indicates the boundary between two zoogeographic provinces.

The lists of terrestrial molluscs given by him as respectively

characteristic of the eastern and western divisions of this portion

of the chain seem to bear out his contention as to the existence

of two distinct faunas.

The sixth of the series of physico-mathematical handbooks
published by Messrs. Carre and Naud, of Paris, under the title

of " Scientia," is a small treatise by M. Fred. Wallerent on
crystalline groups and their optical properties. As an introduc-

tion to modern crystallography the little volume should be of

much use to those interested in other branches of science who
are desirous of acquiring a general knowledge of the history and
fundamental principles of the subject, and who do not possess

the spare time for mastering a larger treatise.

In a short note contributed to the Atti del R. Istituto

cTIncoraggiamento (Naples), Prof. E. Semmola discusses the

state of our knowledge of the variations of the electrical poten-

tial of the air with the altitude. In reference to Le Cadet's

result that the potential decreases with the altitude, Prof.

Semmola points out that the late Prof. L. Palmieri, in conjunc-

tion with himself, had established a similar property previously.

Le Cadet found that the potential decreased from 150 to 44 volts

in the first kilometre of altitude, and deduced that the potential

decreased much less rapidly at greater altitudes. But Semmola
thinks that the high potential found at the surface of the earth

was at any rate in part due to the obscurity of the superincumbent
air.

A SHORT note on the reflection of light in the neighbourhood

of the critical angle is given by Mr. J. G. Coffin in the Techno-

logy Quarterly, the object being to examine more fully than

is done in most text-books the consequences of applying

Fresnel's formulae to refraction from a denser to a rarer

medium. Tables are calculated by the author and Prof. Picker-

ing, showing the percentages of light reflected at diflferent in-

cidences in passing from a rare to a dense medium and vice

versd, and the results are exhibited graphically by curves. The
paper thus contains an amplification of the superficial information

contained in the majority of treatises on optics.

In ^}\t Journal of Proceedings of the Institution of Electrical

Engineers, xxix. 142, 1900, Mr. Alexander Russell discusses the

question how condenser and choking-coil currents vary with the

shape of the wave of the applied electromotive force. Various

forms of wave being considered, the author finds that the sine

curve wave produces the least effective current when applied to

a condenser, and the largest magnetising current when applied

to a choking-coil. Similar results are established for the sym-

metric wave in the case of a family of waves of equal height.

The subject is sufficiently interesting to make us wish for a fuller

mathematical investigation, Mr. Russell's note being a mere

statement of results.

Some tests of fire retardent materials are described by Mr.

Charles L. Norton in the Technology Quarterly, xiii. 2, for June

1900. The tests were made on October 5, 1899, and February

3, 1900, by setting up small buildings previously constructed

in the Massachusetts Institute of Technology and building a

fire of wood and oil inside. Observations of the progress
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of the fire and of the subsequent state of the wooden

backing led to a number of interesting conclusions as to the

value of the protection afforded by various retardent materials.

Among these we note the comparative value of a wooden and

metallic lath ; the necessity of applying fire retardent material

in at least two thicknesses so as to break joints ; the immense

superiority of three-ply over two-ply doors ; the advantage of the

Atkinson composite door as being more gas-tight than a wooden

door ; the fire-resisting qualities of three-inch plank as compared

with one-inch boards, or lath and plaster ; the excellency of

Mississippi wire glass ; and the satisfactory performance of

•' King's Windsor " cement and " Adamant " plaster.

An important development of the electron theory has been

carried out by Robert Lang in his article on atomic magnetism

contributed to the Annalen der Physik (No. 7). It may now be

said that the phenomena of magnetism have at last been

successfully reduced to those of electricity. We know from the

work of Thomson and of Drude that an electric current in

a wire consists of a stream of very small particles called

electrons. These electrons are formed by the splitting up

of the metallic atoms into a larger positive and a smaller

negative portion. The positive electrons, under the influence

of an eleccromotive force, travel in one direction along the

wire, with a velocity of about i cm. per second. The

negative electrons travel in the opposite direction with the

same charge, but with a smaller velocity. The masses are in

the ratio of about 9:1. Now according to Lang, the negative

electrons revolve round the heavier positive electrons in a

magnetised metal, like a planet round the sun, and the electric

convection currents thus produced are nothing more or less but

Ampere's "elementary molecular currents." Lang calculates

the speed of the electrons and the diameter of their orbit. The

speed is that of light, and the figures obtained lead to conclusions

in close agreement with known facts.

An interesting article, entitled " Cartographie de laCaverne

Mammoth," is contributed by Dr. H. C Hovey to the Bulletin

de la Sociite de Spdleologie, tome v. 1899. The author gives a

short history of the attempts to map the celebrated Mammoth
Cave, and points out that, owing to objections on the part of the

proprietors, the scientific investigation of these caverns is still

incomplete. The paper is accompanied by reproductions of the

map by Hovey and Call, and that by C. R. Blackall for

purposes of comparison.

A VALUABLE addition to our knowledge of the cretaceous

geology of Saxony is furnished by Dr. W. Petrascheck in a paper

published in the Abhandl. der Nahtrwiss. Gesellsch. Isis

(Dresden, 1900). The author seeks to trace the change of facies

developed at various horizons in the cretaceous rocks of this area

when followed laterally. He explains, as far as possible, the

modifications in the character of the fossil fauna which accom-

pany the changes in petrographical facies. The region dis-

cussed comprises the neighbourhood of Dresden and the well

known " Saxon Switzerland."

The August number of iht Journal oi the Chemical Society

contains the Friedel Memorial Lecture, delivered before the

Society by Prof. J. M. Crafts.

The second English edition of Prof. Ostwald's "Scientific

Foundations of Analytical Chemistry," translated from the

second German edition by Dr. George M'Gowan, has been

published by Messrs. Macmillan and Co. Since the original

work was published in 1894, the principles expounded in it have

been steadily gaining acceptance, but, so far as we are aware, no

English text-bcok of chemical analysis has appeared in which

he analytical methods and reactions of the laboratory are con-

istently explained in terms of the theory of ions instead of
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being represented by the ideal equation- formulae. As Prof.

Ostwald states, the general standpoint of analytical chemistry

has undergone but little change ; nevertheless, the newer ideas

are gradually being applied to laboratory work by lecturers and

demonstrators who are in touch with modern chemical theory.

The new edition just published will be the means of extending

the knowledge of the fundamental principles underlying chemical

processes, and will be a source of inspiration to teachers who
wish to make analytical chemistry a science as well as an art.

A SIMPLE method of preparing free hydroxylamine is given in

a recent number of the Annalen (311, 117) by Dr. R
Uhlenhuth. When the phosphate of the base is heated gently

under reduced pressure, the base distils over in a state of such

purity that the distillate solidifies on placing the receiver into

melting ice.

Though the need for a universal standard table of atomic

weights is recognised by all chemists, the question whether it

shall be constructed upon a basis of O = 16 or H = i has

yet to be decided. The Chemical News publishes a letter

from Profs. Bredt, Erdmann, Fischer, Volhard, Winkler and

Wislicenus, members of the International Committee on Atomic

Weights, upon this point. It is remarked that if cogent reasons

necessitate an alteration of the standard of atomic weights, it

would be better to si art from an element of which the weight can

be conveniently ascertained, such an element, for example, as silver

or iodine, which also serves as a practical starting- point in con-

sideration of the sharpness of its reactions in numerous analytical

operations. But in the opinion of the writers such cogent reasons

for an alteration do not present themselves, for the ratio of

hydrogen to oxygen has been established with an exactness

which fully suffices for all practical purposes. It is felt that the

time for an unchangeable table of atomic weights has not yet

come ; for each succeed ing year brings corrections in the atomic

weights of the rarer elements, and at the same time speculations

as to their simple or compound nature. Opinions are therefore

invited upon the following questions:— (i) Shall the unity of

hydrogen be retained as the standard for reckoning atomic

weights? (2) Shall the atomic weights be given approximately

with two decimal places in which the uncertain figures can be

recognised by the type? (3) Shall the International Atomic

Weight Commission have the current table of atomic weights

edited on this basis ? Communications should be sent to Herr

Prof J. Volhard, Miihlpforte i, Halle-a-S.

The additions to the Zoological Society's Gardens during the

past week include a Lioness (Felis led) from" South Africa, pre-

sented by the Right Hon. Cecil J. Rhodes ; a Black-backed Jackal

[Cam's mesomelas), a Leopard Tortoise (Testudo pardalis), a Puff

Adder [Bitis arietans) from South Africa, presented by Mr.

J. E. Matcham ; a Grey Ichneumon {Herpesles grisetis) from

India, presented by Mr. W. A. Gillett ; a Blue and Yellow

Macaw (Ara ararauna), a Red and Yellow Macaw {Ara

chloroptera) from South America, presented by Captain G. K.

Arnot ; a Chinese Quail (Co/«r«?jr chinensis) from China, two

Asiatic Quails (Perdicula asiaiica) from India, two Sparrow

Hawks {Accipiter nisiis), British, presented by Mr. D. Seth-

Smith ; a Common Quail (Cottirnix communis), British, pre-

sented by Miss F. E. Burt ; a Lesser W^hite-nosed Monkey

[Cercopithecus petaurista) from West Africa, a Polar Bear ( 6^5?*^

maritimzis, ? ) from the Polar R.egions, two Black-headed

Caiques {Caica melanocephala) from Demerara, a Smooth-

headed Capuchin {Cehus monachus) from South-east Brazil, a

Pleurodele Newt [Molge walti), a Leopardine Snake (Coluber

leopardinus), a Vivacious Snake (
Tarbophisfallax), six European

Pond Tortoises [Emys orbicularis). South European ; two

Egyptian l.idisngaxQS (Urowasiix spinipes), an Algerian Tortoise

{Tesiudo ibera) from North Africa, four Alligator Terrapins
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{Ckelydra serpeiifina) from North America, a Leopard Tortoise

[Testudo pardalis) from South America, two Argentine Tor-

toises {Testudo argentina) from the Argentine Republic, de-

posited ; a Gold Pheasant ( Thaumalea picta, <J ) from China, two

Little Bitterns (Ardet/a minuta), European, purchased ; a

Burrhel Wild Sheep (Ovis burrhel), born in the Gardens.

OUR ASTRONOMICAL COLUMN
Comet Borreli.y-Brooks (1900 3).—The following elements
• 1 ephemeris are furnished by Herr J. Mdller in the Astrono-

che Nachrichten (Bd. 153, No. 3654V

Eletnents.

T=i900 Aug. 3'298 Berlin Mean Time.

« = 12 30*2

1

a =328 18 j- 1900-0
/= 62 35-6]

log f/= 0-00636

Ephemeris for 12/1. Berlin Mean Time.

Aug. 16
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Lexington in Virginia, the distances being about 123 and 125

miles respectively (Nature, vol. liii. p. 296). When the

Alabama was sunk nine miles off Cherbourg on the morning of

Sunday, June 19, 1864, the sound of the guns was heard in

Jersey, at Clyst St. George, near Exeter (108 miles from

Cherbourg), and at Brent Tor, near Bridgwater (about 125 miles).

The great naval review at Spithead on July 17, 1867, was held

during rough, boisterous weather ; but the noise of the guns is

said to have been heard at Exeter (105 miles), Morebath, near

Tiverton (105 miles). Great Malvern (107 miles), and Castle

Frome in Herefordshire (no miles). In all the above cases

the sound was, of course, the aggregate of that of many guns of

different sizes fired simultaneously. But, in naval reviews, the

charge is very much less than in actual warfare ; a 6inch gun,

for instance, would fire a blank charge of 7 lbs., whereas the

service charge for the same gun would be 48 lbs. fired with shot.

With regard to the distance to which the report of a single

gun can be heard, I have very little information. A no-ton
gun fired at Woolwich made a window shake at Chignall St.

James (24 miles), and was heard at Witham (32 miles) as a

rumbling sound which seemed to deafen the observer slightly

(Nature, vol. xli. p. 369). Time-guns at Bombay have been

often heard at the northern Mahim, distant more than 50 miles

(vol. Ivi. p. 223). The reports of the heavy guns at the battle of

Malvern Hill, mentioned above, could be easily distinguished

at Lexington from those of the smaller weapons ; and a similar

observation is recorded below. The subject is evidently one

on which useful contributions to our knowledge might be made
by residents near the south coast of England.

Naval Review at Spithead 011 June 26, 1897.

Shortly before the great naval review held in honour of the

Queen's Diamond Jubilee, I wrote to the principal London news-

papers and to several published in the south of England, and I

have to thank the editors of these papers, and the ladies and
gentlemen who replied to my inquiries, for the help they have

kindly given me. The points to which I directed attention were
the times at which the reports were heard, whether the air-

vibrations were strong enough to make windows rattle, the

direction from which the sound appeared to come, and the

direction of the wind.

The fleet collected on this occasion consisted of 165 vessels of

war of all classes arranged in five lines about six miles in length.

The position of the flag-ship (H.M.S. Renown) was about two
miles N. 20° E. of Ryde ; and the distances given below are all

measured from this point. As the Royal yacht entered the

lines immediately after 2 p.m., the first shot was fired from
the Renown, and was taken up by other ships in turn, each

firing a Royal salute of twenty-one guns. "The heaviest gun
employed," I am informed by the Secretary of the Admiralty,
" was probably a 6-inch l^reech-Ioading gun, firing a blank

charge of 7 lbs." ; but others of different sizes were also used.

It produced at first a dull crackling noise, according to a corre-

spondent on H.M.S. Sanspareil, but, as ship after ship took

up the salute, the firing grew more animated and the roll of

the guns louder ; until, after about five minutes, the report

of the last gun died away.
The atmospheric conditions were fairly favourable for the

propagation of the sound. Light, but variable breezes, generally

between north-east and south- east, prevailed over most of the

south of England. The thunderstorms which occurred on that

day followed the salute in most places, but nearly all my
correspondents (several being retired military oflicers) agreed that

the sound of the guns could be readily distinguished from that of

thunder.

In many of the records which I have received, the time is

given so roughly that it is difficult to feel confident that they

refer to the salute in question, and in several it is omitted alto-

gether. Under the former heading come records from Honiton

(90 miles from Spithead) and Shebbear, near Torrington (135
miles) ; and under the latter from near Rickmansworth (67 miles)

and Great Malvern (107 miles). Excluding all such cases, the

number of records is reduced to twenty, from nineteen places.

At very few of these places, and at none more distant than

about 28 miles, were the vibrations strong enough to shake
windows. Distinct reports were heard at the beginning and
end of the salute as far as Farnham (34 miles), otherwise the

sound was a dull, continuous roar, with occasional booms from
the heavier guns. The sound was heard to the east as far as

Framfield (57^ miles), to the north-east at Wimbledon (62
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miles), to the north at Bloxham Green, near Banbury (88
miles), and to the west at Wellington in Somerset (93 miles).

These are more or less isolated places, but there is a fairly con-
tinuous series of observations in a north-westerly direction, ex-
tending to Melksham (61 miles), Monkton Farleigh, near Brad-
ford-on-Avon (67 miles), Bath (two observations, 69 miles), and
Weston, near Bath (71 miles).

In the evening the fleet was illuminated, and a final Royal
salute, similar to that at 2 p.m., was fired on the return of the
Prince of Wales shortly after 1 1 p. m. I have only two accounts
which may refer to this salute, one from Cosham in Hampshire
at 11.30 p.m., the other from Ashburton in Devonshire (116
miles) at n. 59 p.m. The recorded times differ too widely to

give much value to these observations.

Naval Review at Cherbourg on July 18, 1900.

About 10 p.m. a sham fight took place between two portions

of the French fleet at Cherbourg in honour of the visit of the
President, M. Loubet, to that town. The number of vessels

engaged was forty-three, including thirteen of the largest and
most modern battle-ships in the world. During the next few days
accounts appeared in various English newspapers of a series of

supposed earthquake-shocks felt shortly after 10 p.m. at different

places along the southern coast, from Torquay to Bognor. The
long duration of the disturbances and their apparent transmission

through the air being opposed to a seismic origin, I wrote
letters to a number of London and south-country papers, and
the account which follows is chiefly based on the replies which
I received to these letters.

As some doubt has been expressed with regard to the con-

nection between the two phenomena, it may be well to mention
the evidence in its favour. (i) With two exceptions, not one
of the places (forty in number) from which records have come
is more than a mile or two from the coast. There are several

from the south of the Isle of Wight, but none from that part

of Hampshire shielded from Cherbourg by the higher ground
of the island. (2) Though a few persons in the open air assert

that a tremor was felt, the great majority state that the sound
travelled through the air and not through the ground ; windows
rattled loudly without there being any movement of the floor,

and at Lancing (100 miles from Cherbourg) and Seaton in Devon
(97 miles) observers placing their hands on the wall felt it dis-

tinctly vibrating ; the noise caused a drumming in the ears at

several places more than a hundred miles from Cherbourg. (3)

The sounds were recognised as those of heavy guns by many
persons, and with less hesitation the smaller the distance from

Cherbourg. (4) The night was very still, hardly a breath of

wind could be felt, and the sea perfectly calm ; and the sound
was heard to the east and west along the English coast at almost

equal distances from Cherbourg. (5) Lastly, heavy guns are

rarely, if ever, fired from English ships or forts at so late an

hour ; whereas more than 24,000 charges are said to have been

fired in Cherbourg harbour during almost the same interval in

which the sounds were heard in England.
Though the times of occurrence are roughly given, they agree

for the most part in placing the commencement of the disturb-

ances just after 10 p.m., and the end shortly before 10.30.

Clearer evidence as to the identity of the sounds throughout the

whole area affected is provided by the similarity in their relative

duration and intensity. The first began about 10.2 or 10.3,

and lasted nearly four minutes. Then came a pause of five

minutes, when there was another burst of about the same

intensity and nearly the same duration. About ten minutes

later the third followed, slighter in intensity and of shorter

duration, perceived almost as far as the others (at Torquay and

Brighton, loi and 104 miles respectively), though not by all

observers.

I have no information as to the size of the guns used on this

occasion, but they were probably much heavier than those em-

ployed for the salutes at Spithead in 1897. To the west, the

sound was heard at Budleigh Salterton, Sidmouth and Torquay

(lOl miles from Cherbourg), Paignton (102 miles), and Dawlish

and Exmouth (104 miles); to the east at Lancing (100 miles),

Brighton (104 miles), and near Henfield (107 miles, and seven

miles from the sea). At all of these places, and at many
between, the air-vibrations were strong enough to make
windows shake and rattle, and there are accounts of this or a

similar effect being observed at a greater distance than the

sound—at Plymouth (123 miles), and Menheniot, near Liskeard

(136 miles, and five miles from the sea). At the latter place
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the sudden rattling of a large window was distinctly heard at

about 10 p.m., but it was unaccompanied by any sound.

Judging from the intensity of the disturbances at Torquay and

Brighton, I see no reason to doubt the connection of the

latter observation with the firing at Cherbourg.

It is interesting to notice how the character of the sound

changed with the increasing distance from Cherbourg. At St.

Catherine's Point (65 miles) and Bonchurch (68 miles), both in

the Isle of Wight, the sound was described as exactly like that

of heavy guns. At Bournemouth and Muddiford in Hampshire

(74 miles) there was a continual rumbling noise, with occasional

heavier booms. At greater distances, as far as Lancing, Tor-

quay and Paignton, the prominent reports ceased to be audible,

and there was merely a deep monotonous throbbing noise, the

pulsations recurring with great rapidity and regularity, resem-

bling a very quick beating of a big drum far away, or the beats

of the paddles of a distant and unseen steamer. At very great

distances the vibrations (or some of them) do not seem to have

attained the requisite strength to be audible to certain observers,

one at Lancing (too miles) referring to a most curious throbbing

sensation in the air, and a dull sound like that of a distant train ;

while another at Brighton (104 miles) remarks that he heard or

felt the sound. The rattling of the window and the in-

audibility of the vibrations at Menheniot may perhaps be

accounted for in this way. Charles DXvison.

• SUBJECTS FOR CON'^IDERA TION B Y
ELECTRICAL ENGINEERS.

'T'HE current number (July) of \.\\q Journal oi the Institution
-' of Electrical Engineers cont.ains a list of subjects suggested

by the Council as suitable for papers to be read at the meetings

or published in the Journal. The list is here reprinted, and it

should be the means of directing attention to many important

problems awaiting solution, as well as eliciting information upon
the present position of various branches of electrical engineering.

1. Best methods of generating steam and steam power for

variable loads.

2. Comparison of double- and triple-expansion engines for

varying load conditions.

3. Automatic handling of fuel in power stations.

4. The present position and applicability of gas or oil engines

for electrical power stations.

5. Description of plants for the utilisation of river- or tidal-

power in the generation of electrical energy.

6. The present position and prospects of the application of

liquid and of powdered fuel in electrical power stations.

7. The utilisation of blast-furnace gases or other waste products

of manufactures in the generation of electricity.

8 The application of dust-destructors to the generation of

electricity.

9. Electric light and power station chimney shafts ; specialities

of their construction and equipment.
10. Experiences with vibrations from electric light and power

stations.

1 1. Bearings of shaft and shafting running at high speed.

12. Improvements in dynamos.
13. Comparison of speed and cost of dynamo.
14. Comparison of single and multiple central stations.

15. The wholesale supply of electricity to towns and factories

from centres where very large generating units are em-
ployed.

16. The distribution of electrical energy from a distant generating
station through districts served from a different source of

supply, or under a separate local authority.

17. Electrical distribution by constant current, direct or

alternating.

iS. Examination of relative advantages and disadvantages of

direct-current and alternate-current transmission.

Examination of relative advantages and disadvantages of

two-phase and three-phase transmission.

20. Methods of controlling speed of alternating current motors.
21. Practical methods of measurement in connection with

polyphase distribution.

11. Methods for the conversion of direct current into alternate

current.

23. Methods of providing for electrical supply during hours of

small demand.
24. Utilisation of lighting plant for other work during the hours

of small demand.
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30.

The electrical equipment of large blocks of ottices in a city.

Economy of design in the manufacture of small electric

fittings.

Portable electric lamps of the "safety" type, or otherwise.

Enclosed arc lamps.

Improvements in incandescence electric lamps.

Incandescence electric lamps with filaments other than pure

carbon.

Application of electrical transmission in factories :

—

(a) Detailed description, giving sizes of motors and
power provided.

{h) Comparison of separate or combined direct- and
alternate-current methods,

(f) Combination of lighting and power for such

purposes

Electricity meters.

Description of electrical methods, or comparison of these

with other methods, of propelling vehicles.

The supply of electrical energy for tramway purposes.

The use of electrical methods of traction on railways served

by steam-driven locomotives.

The economy and design of electrical elevators.

The design and economy of electrically driven pumps.
The utilisation of electrical energy in mining.

The applications of electrical energy in warfare.

The use of electricity in the textile and other industries.

The application of electricity in musical instruments.

Electro-therapeutics.

The establishment of public time-services by electricity.

Recent advances in telegraphy.

Applications of alternating currents in telegraphy.

The transmitting capacity and load factor of telegraph

circuits.

Hertzian telegraphy.

Methods, in aerial telegraphy, of restricting signals to

selected stations.

Recent improvements in telephony.

Descriptions of systems tending to simplify the interchange
• of telephonic communications.

The talking capacity and load factor of telephone circuits.

The application of electricity to the generation of heat for

domestic purposes (cooking, ventilation, heating, &c.).

The construction and use of electric furnaces.

The application of electricity to the welding or annealing

of metals.

The application of electrical heating methods in chemical

or metallurgical operations.

The applications of electricity in metallurgical processes.

The applications of electrolysis in the smelting or refining

of metals, or in the chemical industries.

The electrical equipment of chemical factories.

Improvements in primary batteries.

Examination of the present position of secondary batteries

in electrical engineering.

The direct generation of electrical energy from fuel.

The economic employment of thermo-generators.

Improvements in the apparatus for producing, and in the

applications of, kathode and Rontgen rays.

The relative suitability and efficiency of the different

materials available for any of the requirements of electrical

engineering.

The electric strength of di-electrics.

Recent advance in the manufacture or use of insulating

materials.

New insulating materials.

Electrical applications of aluminium, sodium, &c.

The electrical uses of the rarer metals.

The treatment, testing, specifications, or uses of iron or

steel, or of iron alloys, for magnetic purposes.

The manufacture of permanent magnets.

The relation of chemical composition and physical condition

to the electrical or magnetic properties of substances,

considered in its bearing upon electrical engineering

practice.

High-resistance metals for instruments or resistance coils.

New resistance alloys.

The protection of laboratories and observatories against

magnetic disturbances due to local causes.

Recent legislation in its relation to electrical undertakings.

The relations between electric lighting or power corporations

and municipal authorities.
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PRIZE SUBJECTS OF THE PARIS SOCltTk
D'ENCOURA CEMENT.

"T^HE June number of the Bulletin de la Socu'te d'Encourage-
-' tiient pour VIndustrie Nationale contains the programme
of prizes and medals proposed by the Society for 1 901 and
following years. The questions proposed for solution cover a

large field ; omitting many which have only a local interest, the

chief problems suggested as prize subjects for 1901 are as

follows. In Mechanics, prizes of 2000 francs for a motor weigh-

ing less than 50 kilograms per horse-power developed ; for an
important advance in mechanical miethods of transmitting

energy ; and for automobiles suitable for use in towns and in

the country respectively, the conditions laid down for the

motor car suitable for towns requiring the absence of fumes or

smell, and in the case of the one for use in the country, only

such fuel to be used as can ordinarily be obtained in country

towns. In Chemistry, a prize of 1000 francs for the

utilisation of any waste product ; of 2000 francs for a
publication useful to chemical or metallurgical industry

;

two prizes of 500 francs each for scientific researches in

chemistry, of which the results can be utilised in industrial

work ; a prize of 2000 francs for an improvement in the manu-
facture of chlorine ; one of 1000 francs for the discovery of a

new alloy useful in the arts ; and of 2000 francs for a study of

the expansion, elasticity, and tenacity of pottery clays and
glazes, for a scientific study of the physical and mechanical
properties of glass, for a new method of manufacturing fuming
sulphuric acid and sulphur trioxide, and for the manufacture of

a steel by the introduction of a foreign element possessing

specially useful properties. In the Economical Arts, 2000
francs for an invention of new methods allowing of the utilisa-

tion for lighting and heating, 'either for domestic or industrial

purposes, of petroleum, density not less than O'Soo ; 2000 francs

tor a continuous extractor
; 3000 francs for a method of puri-

fying water for domestic use ; and 2000 francs for a 2-candle

power incandescent electric lamp fulfilling certain special

conditions.

Other prizes offered include one of 2000 francs for the best

study of the diseases of cider and the means of preventing or

arresting their development ; of 3000 francs for the invention of

a method allowing of the production of an indefinite number
of positives in colours either by a direct method or with a

Lippmann negative ; of 2000 francs for a memoir on the silk

industry in the Lyons region ; of 1500 francs for a memoir on the

cycle industry ; and of 3000 francs for a study of commercial
sjndicates.

According to the general conditions for these prizes, all

memoirs must be sent in before December 31, they must be

written in the French language, and are open to peisons of all

nationalities.

ONI VERS/ 7 Y AND EDUCATIONAL
INTELLIGENCE.

Teachers in Schools of Science and Technical Schools
will find a Diary and Calendar just issued by Messrs.

Philip Harris and Co. , scientific instrument makers, Birming-
ham, a convenient little pocket-book. The diary is for the year

commencing on September i, and ending August 31, 1901. The
dates are given of examinations in science and technology, and
memoranda referring to the days on which official papers must
be sent in are brought together in a calendar. The book is

thus a real vade inecuni for science teachers.

The following Saturday morning courses for teachers have
been arranged by the London Technical Education Board. A
course of about ten lectures on the teaching of mathematics will

be given by Prof. Hudson at King's College The object of

these lectures is to help those who are practically engaged in

teaching, and wish to become acquainted with modern methods
and improvements in order to render their teaching more
effective. A course on physics will be given under the

direction of Prof. W. Grylls Adams and Mr. S. A. F.

White. The course will consist of practical work in the

Wheatstone Laboratory, the object of the instruction being to

enable students to obtain an intimate knowledge of the methods
employed in physical measurements and familiarity with the

use of apparatus. A course of twenty lectures on physiology
will be delivered by Prof. Halliburton. The object of the
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course is to acquaint teachers with the modern methods of
teaching physiology by objective methods. A course of ten
lectures on the teaching of physical geography, each lecture
followed by a class for practical work, will be given by Miss
Catherine A. Raisin, D.Sc, at Bedford College.

The London Technical Education Board makes provision for

advanced students as well as for those of elementary grades.

During the coming session evening science courses will be held
in connection with the Board at University College, King's
College, and Bedford College. At University College, Ptof.

J. A. Fleming, F. R.S., will give a course of ten lectures,

followed by laboratory practice, in advanced, electrical

measurements. A course of lectures on the electric motor and
its application in electric traction will be given by Prof. C. A.
Carus-Wilson, each lecture to be followed by an experimental
demonstration or by a class for the practical working of numerical
examples in connection with the subject. A course will be given
by Prof. E. Wilson, at King's College, on direct and alternating

currents. In mechanical engineering, Prof. T. Hudson Beare
will give a course of ten lectures, at University College, on the

theory of steam engines and boilers, with laboratory work
on the testing of steam engines and boilers. Prof. Beare will

also give a course of five lectures on the theory of gas

and oil engines, combined with laboratory work. A course

of five lectures on water-tube boilers will be given by Mr.
Leslie Robertson. A course will be delivered by Prof. D, S.

Capper and Mr. H. M. Waynworth in the mechanical
engineering laboratories of King's College. The course will

consist of about twenty demonstrations upon steam and gas

engines and general laboratory work. The latter portion of

each evening will be devoted to experimental and practical work
in the engineering laboratory in illustration of the lectures. A
course on civil engineering will be delivered by Prof. Robinson.

The methods of producing artificial cold will be the subject of a

course of lectures to be delivered at University College by
Dr. W. Hampton, At the same college, Mr. E. C. C. Baly
will deliver eight lectures dealing with the methods of spectro-

scopy, especially in connection with the photography of the

spectrum.

Her Majesty's Commissioners for the Exhibition of 1851 have
made the following appointments to Science Research Scholar-

ships for the year 1900, on the recommendation of the authorities

of the respective universities and colleges. The scholarships

are of the value of 150/. a year, and are ordinarily tenable for

two years (subject to a satisfactory report at the end of the first

year) in any university at home or abroad, or in some other

institution approved of by the Commissioners. The scholars are

to devote themselves exclusively to study and research in some
branch of science, the extension of which is important to the

industries of the country. A limited number of the scholarships

are renewed for a third year where it appears that the renewal

is likely to result in work of scientific importance. The new
scholars and their nominating institutions are as follows :—

-

C. E Fawsitt, B.Sc. (University of Edinburgh), V. J. Blyth,

M.A. (University of Glasgow), J. Moir, M.A., B.Sc. (Univer-

sity of Aberdeen), W. M. Varley, B.Sc. (Yorkshire College,

Leeds), J. C. W. Humfrey, B.Sc. (University College, Liver-

pool), S. Smiles, B.Sc. (University College, London), N. Smith,

B.Sc. (Owens College, Manchester), L. L. Lloyd (University

College, Nottingham), Alice Laura Embleton, B.Sc. (University

College of South Wales and Monmouthshire, Cardiff), J. A.
Cunningham, B.A. (Royal College of Science, Dublin), W. S.

Mills, B. A. (Queen'sCoUege, Galway), J. Patterson, B.A. (Univer-

sity of Toronto), W. C. Baker, M.A. (Queen's University, King-

ston, Ontario), J. Barnes, M.A. (Dalhousie University, Halifax,

Nova Scotia), J. J. E. Durack, B.A. (University of Sydney).

Seventeen scholarships granted in 1898 and 1899 have been

continued for a second year on receipt of a satisfactory report of

work done during the first year. The names of the scholars and

the places where they are studying are as follows :—J, C. Irvine,

B.Sc. (University of Leipzig), H. L. Heathcote, B.Sc. (Univer-

sity of Leipzig), Winifred Esther Walker, B.Sc. (University

College, London), F. W. Skirrow, B.Sc. (University of Leipzig),

C. G. Barkla, B.Sc. (Cavendish Laboratory, Cambridge),

Harriette Chick, B.Sc. (Thompson-Yates Laboratories, Univer-

sity College, Liverpool), F. A. Lidbury, B.Sc. (University of

Leipzig), W. Campbell, B.Sc. (Royal College of Science, South

Kensington), L. Lownds, B.Sc. (University of Berlin), J. T.

Jenkins, B.Sc. (University of Kiel and Biological Institution,
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Heligoland), R. D. Abell, B.Sc. (University of Leipzig),

W. Caldwell, B.A. (University of Wiirzburg), W. B. McLean,
B.Sc. (Owens College, Manchester), B. D. Steele, B.Sc.
(University of Breslau), E. J. Butler, M.B. (University of

Freiburg), [. W. Mellor, B.Sc. (Owens College, Manchester),
L. N. G. Filon, M.A. (King's College, Cambridge). Four
scholarships granted in 1898 have been e.xceptionally renewed
for a third year. These scholars and their places of study are :

—
Dr. A. H. Reginald Buller, B.Sc. (University of Munich), H. T.
Calvert, B.Sc. (University of Leipzig), R. L. Wills, B.A.
(Cavendish Laboratory, Cambridge), E. H. Archibald, M.Sc.
(Harvard University).

SCIENTIFIC SERIALS.
American journal of Mathematics, vol. xxii. No. 3.

—

On continuous binary A linearoid groups, and the corresponding
differential equations and A functions, by E. J. Wilczynski. In

a previous paper (vol. xxi. 2) the writer has shown that, cor-

responding to every group of the form

2 <^rt ar)yk(.\).

where the r parameters ai are essential, there exists a

system of differential equations of order r, whose general solu-

tions are given by (i), if j'l, . . . y'n form a fundamental system.

The functions <^,k were supposed to be uniform functions of x,

and it was found that, if the parameters a, were properly chosen,

(pit were uniform functions of the parameters also. In the

present paper he discusses these groups, the corresponding

differential equations, and their solutions for the case when
n = 2. Dr. Lovett, in his note on a property of lines in «-

dimensional space, working on the lines of Cesaro's " Lezioni di

Geometria Intrinseca," shows that a line of multiple curvature cuts

its osculating space of highest dimensions, or lies wholly on one
side of that space, according as the number of dimensions of

the space necessary to the existence of the curve is odd or even.

—Concerning the cyclic sub-groups of the simple group G of all

linear fractional substitutions of determinant unity in two non-
homogeneous variables with coefficients in an arbitrary Galois

field, by Dr. L. E. Dickson (read before the Chicago section of

the Mathematical Society, December 1899), leads to a generali-

sation to the GF[/"] of results due to Prof. W. Burnside (" On
a Class of Groups defined by Congruences," Proc. of London
Math. Soc, vol. xxvi. ). Variations from Burnside's method of

treatment are introduced, partly to avoid the separate treatment

of the cases d= I and ^= 3, and to take in the exceptional cases

/ = 2 and p— 2, and to reduce the calculations ; and further, on
the other hand, to amplify some of the proofs. A few errors are

also pointed out and amended.—On some invariant scrolls in

collineations which leave a group of five points invariant, by V.

Snyder. The writer gives numerous references to memoirs in

which the qnadric surfaces which are left invariant by cyclical

collineations have been exhaustively treated. There is another
simple series of scrolls, viz. those contained in a linear con-

gruence, which have not been considered, except one form
noticed by Ameseder. The writer confines his attention to

such surfaces. There are six collineations which are of essen-

tially different type, which project a set of five points into

themselves without leaving every point invariant. In the nota-

tion of substitution-groups these may be thus represented :

T3=(AiA2)(A3)(A,)(A5),
T3=(A,A^)(A3A4)(A5),

T,= (A,A2A3)(A,)(Ag), T.,=(A,A2A3)(A,A5),
T«=(AiA2A3A,)(A5) and T7 = (AiA2A3A4Ag).

—On the reduction of hyperelliptic integrals (/= 3) to elliptic

integrals by transformations of the second and third degrees, by
W. Gilespie. The point of the paper is an application of cubic

involution to the problem of the reduction to elliptic integrals,

of hyperelliptic integrals of genus /= 3 and of the first kind, by
a rational transformation of the third degree. It is a continua-

tion of Prof. Bolza's researches on the cubic transformation ( " Die
Cubische Involution und Dreitheilung, &c. ," and " Zur Reduction
Hyperelliptischer Integrals, &c.," Math. Ann., Bd. 50, pp. 68
and 314).—The closing paper, by Dr. E. H, ^Ioore, was read

before the American Mathematical Society at the Buffalo meeting
of the summer of 1896, and is entitled "The Cross-ratio Group
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of n ! Cremona Transformations of Order « - 3 in Fiat Space of

« - 3 Dimensions."

Bulletin of the American Mathematical Society, July.

—

Some remarks on tetrahedraU geometry, by Dr. Timerding, is a
paper read at the June meeting. Several properties of a tetra-

hedral complex are given, viz. the pole curves of such a complex
of lines form again another such complex among the cubic space
curves circumscribed about the fundamental tetrahedron, the

complex curves of such a complex of lines form another tetrahe-

dral complex, &c.—Prof. H. B. Newson's paper on singular

transformations in real projective groups was read at the April
meeting. It treats of transformations in real projective groups
which can not be generated from the real infinitesimal transforma-

tions of certain continuous groups. The discussion, which is

limited to one and two dimensions, can be readily extended to

three and higher dimensions.—Miss Schottenfels, in a paper
read at the June meeting, writes on groups of order 8!/2, and
gives a simple proof of a correspondence established by Dr.
Dickson (/'/-oc. of London Math. Soc, vol xxx.).— Prof. F. S.

Woods continues his notes on Lobachevsky's geometry,— Prof.

Pierpont reviews H. Burkhardt's " Functionen-theoretische
Vorlesungen " (vol. ii. " EUiptische Functionen ").—A " correc-

tion," notes, new publications, list of papers read before the

Society, with references to the places of their publication, and
a full index, complete the sixth volume of the second series.

Annalen der Physik, No. 7.—Dispersion of electricity in air,

by J. Elster and II. Geitel. Sincethe sun's rays contain ultra-

violet light before they impinge upon the atmosphere, this light

must ionise the upper strata, and the ions produced will be
gradually distributed through the whole of the atmosphere by
diffusion and convection. Hence the atmosphere will contain

stray ions of both signs, but chiefly negative ones in the lower

strata, owing to their superior mobility. The presence of these

ions can be made evident by an electroscope.—Influence of

slight impurities upon the spectrum of a gas, by P. Lewis. Very
small quantities of hydrogen and nitrogen considerably affect the

spectra of helium and argon, but the reverse is not the case.

—

Fluorescence and phosphorescence in the electric discharge

through nitrogen, by P. Lewis. When nitrogen prepared fronrb

ammonium nitrate and sulphate, and purified over hot copper is

pumped through an H-shaped vacuum tube, the whole wall of

the tube shows a brilliant fluorescence lasting a few seconds,

which extends for a length of about a yard into the supply

and exhaust tubes. The light can be made permanent by keep-

ing the pump at work and thus supplying a continuous stream of

fresh nitrogen. Spectroscopic examination shows that the

fluorescence is dependent upon the presence of a number of

bands in the extreme ultra-violet, due to a combination of nitro-

gen with a trace of oxygen.— Production of very high notes by
(ialton's whistle, by M. T. Edelmann. The author gives tables

for the pitches of pipes of various dimensions, and instructions

how to test the pipes by Kundt'sdust figures. He has succeeded

in constructing a pipe of only 2 mm. diameter, which gives the

enormously high pitch of 170,000 complete vibrations per second,

or over two octaves beyond the extreme limit of audibility.—The
magnetic force of the atoms, by R. Lang. Magnetishi is

accounted for by the revolutions of negative about positive

electrons.—The air thermometer at high temperatures, by L.

Holborn and A. Day. The authors further investigate the pro-

perties of the air thermometer consisting of a platinum -rhodium
vessel filled with nitrogen, and compare its indications with that

of a platinium-iridium thermo-couple, paying particular attentioa

to their regular expansion of the vessel. The corrected value for

the melting point of gold is 1064-0° C— Difference of tempera-

ture between the surface and the interior of a radiating body,

by F. Kurlbaum. A method is given of determining this

difference of temperature by means of two bolometers exposed

symmetrically to different surfaces of the same black partition.

SOCIETIES AND ACADEMIES.
London.

Royal Society, June 14.—" Data for the Problem of

Evolution in Man. V. On the Correlation between Duration

of Life and the Number of Offspring." By Miss M. Beeton,

G. U. Yule, and Karl Pearson, F.R.S., University College,

London.
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According to the Darwinian theory of evolution the members
of a community less fitted to their environment are removed by

death. But this process of natural selection could not perma-

nenily modify a race if the members thus removed were able

before death to propagate their species in average numbers. It

then becomes an important question to ascertain how far

duration of life is related to fertility. In the case of many
insects death can interfere only with their single chance of off-

spring ; they live or not for their one breeding season only.

A similar statement holds good with regard to annual and
biennial plants. In such cases there nught still be a correlation

between duration of life and fertility, but it would be of the

indirect character, which we actually find in a case ot men and
women living beyond sixty years of age—a long life means
better physique, and better physique increased fertility. On the

other hand, there is a direct correlation of fertility and duration

of life in the case of those animals which generally survive a

number of breeding seasons, and it is this correlation which we
had at first in view when investigating the influence of duration

of life on fertility in man. The discovery of the indirect factor

in the correlation referred to above was therefore a point of

much interest. For it seems to show that the physique fittest

to survive is really the physique which is in itself (and inde-

pendently of the duration of life) most fecund.

The data dealt with in this paper consists of four series, the

first three collected and reduced by Miss M. Beeton, and the

fourth series by Mr. G. U. Yule.

Aloihers. Length of Life and Size of Family.

Series I.—Taken from the "Whitney Family of Connecticut,"
a well-known history of an American Quaker family.

Series II.—Taken from purely English Quaker records. The
data for this series were drawn from a great variety of histories

and records of the Society of Friends.

Fathers. Length of Life and Size oj Family.

Series III.—The great bulk of the data was extracted from
the American Whitney Family.

Series IV.—Extracted from Burke's " Landed Gentry."
The following are some of the chief results obtained from the

reduction of these series :

—

Table of General Results.
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The following table gives the mean length of life of parents

taken singly and of parents weighted with their offspring :

—

Mean Duration of Life of Parents in
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period of revolution deduced spectroscopically by Newall.

—

The come't (1900 b) discovered July 23 at the Observatory

of Marseilles, by M. Borrelly. The comet is visible to

the naked eye as a star of 6th to 7th magnitude.—

Observations of the comet 1900 b (Borrelly-Brooks) made
at the Observatory of Besan9on, by MM. A. Sallet and

P. Chofardet.—Observations of the Borrelly-Brooks comet,

made at the Tfiulouse Observatory with the 25 cm. equatorial,

by M. F. Rossard.—On circuits formed uniquely by

electrolytes, by MM. Camichel and Swyngedauw. From
the experiments described with circuits consisting wholly

of liquid electrolytes, the authors conclude that an electrolyte

may be traversed by a current without decomposition.—On the

coupling up of alternators from the point of view of the har-

monics, and of the eflfect of synchronised motors, by M. A. Perot.

—On the boiling points of zinc and cadmium, by M. Daniel

Berthelot. The metals were boiled in an electric furnace speci-

ally constructed to avoid the errors due to superheating and

radiation from the walls, the temperature being measured by the

interference refractometer method previously described by the

author. Zinc boiled at 920°, and cadmium at 778''.—On the

atomic weight of radiferous barium, by Mme. Curie. First

attempts at determining the atomic weight of the metal in

radiferous barium chloride gave 146 as against 138 for

pure barium chloride. As the result of prolonged

fractionations, a product has now been obtained in

-which the atomic weight is as high as 174. This, however,

is certainly too low, as the chloride analysed still contains an

unknown amount of barium.—On the electrolytic estimation of

cadmium, by M. Dmitry Balachowsky. The metal is deposited

upon a dish previously covered with copper. The solution is

slightly acidified with nitric acid, and the deposition carried out

at 60° under conditions of electromotive force and current

density specified.—On some new spectra of rare earths, by

M. Eug. Demar9ay.—On the blue oxide of molybdenum, by

M. Marcel Guichard. The hydrated blue oxide of molybdenum
has been isolated in a pure state and analysed, and proved to

"have the composition Mo02.4Mo03,6HoO.—On the normal

proportions of iodine in the organism, and its elimination, by

M. P. Bourcet. The author, in conjunction with M. Gley, having

previously shown the presence of a trace of iodine in normal

blood, has now determined the amount of this element in various

parts of the body. The quantities found vary from 0"00 mgr.

in fat, pancreas and bladder, to o'lS mgr. per 100 grams of

liver and i'8 mgr. per 100 grams of hair. The quantities found

are small compared to the amount present in the thyroid gland.

About o*33 mgr. of iodine is taken into the human system daily

in food ; the thyroid gland contains only about 4 mgr. ; hence

it becomes necessary to discover the means of elimination. This

is shown to be chiefly effected in man by the skin and epidermal

products, sweat, skin, hair and nails ; in women, by the

menstrual blood, which contains o'8 to o'9 mgr. of iodine per

kilogram, as against 0'02 mgr. per kilogram in normal blood.

—

On the nitrogenous substances in malt, by MM. P. Petit and G.

Labourasse.—On the origin of the secondary calcareous breccia

of Ariege, and results drawn from the point of view of the age

of the Iherzolite, by M. A. Lacroix.—On some temperatures

-observed in the park of St. Maur, by M. E. Renou.

New South Wales.
|

Royal Society, June 6.—The President, Prof. Liversidge,

F.R.S., in the chair.—On the relation, in determining the

volumes of solids, whose parallel transverse sections are W"^

functions of their position on the axis.between the position a.nd co-

efficients of the sectionand the (positive) indices of the function, by

G. H. Knibbs.—On the amyl ester of eudesmic acid occurring in

eucalyptus oils, by Henry G. Smith. In a paper read before

this society, July 1898, on the stringy-bark trees of New South

Wales, R. T. Baker and the author show that an ester was

present in the oil of Eucalypttis macrorhyncha. Since then

esters have been found to be present in several eucalyptus oils.

The author shows that esters are present in fair amount in the

•oils of E. botryoides, E. Saligna, and E. rostrata, and that an

aromatic alcohol, either linalool or geraniol, is present in the

oil of E. patentinervis, over 16 per cent, of free alcohol being

proved. The ; saponified oil of E. patentinervis has a fine

odour. Citral also occurs in this oil, proved by its characteristic

reactions.—Note on a new meteorite from New South Wales,

by R. T. Baker. The meteorite described in this paper was
found early in January of this year, two miles from Bugaldi, a

a postal town fifteen miles north-west of Coonabarabran. It is

pear-shaped and is nearly five inches long and three inches wide
at the broadest part. It belongs to that class of meteorites

known as siderites, and is probably composed of iron and
nickel. It has a well-defined, closely adhering "skin " of black

magnetic material, while the metal immediately beneath this

coating is silvery-white in appearance. On the smooth portion

at the extremity of the larger end can be seen very distinctly

Widmanstatten's figures. The specimen has an exceedingly

new appearance, as if it had only just arrived upon the earth,

and shows no signs of oxidation.

GOTTINGEN.

Royal Society of Sciences.—The Nachrichten (physico-

mathematical section), Part i. for 1900, contains the following

memoirs communicated to the Society.

February 3.—L. Krliger : Compensation of errors by means
of equations of condition in geodetic determinations of points.

March 3.— E. Marx: Fall of potential and dissociation in

flame-gases.—W. Nernst : On the question of the hydratation

of dissolved substances, Part i.—H. Lotmar : The same, Part 2.

— C. C. Garrard and E. Oppermann : The same. Part 3.—H.
Minkowski : Theory of the units in algebraic Zah'korper.

March 16.—W. F. Osgood : On a theorem of Schonflies re-

lating to the theory of the functions of two real variables.—F.

Bernstein: On the same theorem.—H. E. Timerding : On
linear systems of conies.

Among the official reports of the Society are one (by Prof. F.

Klein) on the publication of Gauss's works ; and one on the

progress of the Encyclopaedia of Mathematics.
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THURSDAY, AUGUST 23, 1900.

A MUSEUM CATALOGUE.
Descriptive and Illustrated Catalogue of the Physio-

logical Series of Comparative Anatomy contained in

the Museum of the Royal College of Surgeons of
England. Vol. i. Second edition. Pp. xlix + 160.

(London : Taylor and Francis, 1900.)

OF the catalogues of the Royal College of Surgeons,

rendered famous by the labours of Hunter,

Owen and Flower, but one in osteology, by Dr.

R. Bowdler Sharpe, and one in teratology, by Mr.

B. Thompson Lowne, have appeared during the

present conservator's term of office. Prof. Charles

Stewart, unlike his predecessor in this office, who con-

centrated his attention upon one special department,

has since his appointment greatly developed all sides of

the collection, and with the aid of his competent assistants

has added year by year specimens of surpassing value

and interest, which have become the admiration of all

beholders. The period of his conservatorship has been

one of unparalleled activity in all branches of zoology,

and in the labour of keeping pace with this he has not

been found wanting, as, for example, when, on the dis-

covery of the calcified teeth of the Monotreme, he pro-

duced from his rich store of material the famous specimen

which has since adorned his shelves, and shows more

than all others yet described. With this museum, as

with others in our own land, the Englishmen's colonising

instinct has come forcibly into play, in the accumulation

of objects, not merely of local interest, such as are

generally to be found in the museums of other countries,

but general and universal, wherefore the present catalogue

is of necessity based upon a matchless material.

It is explained in the preface that the specimens

registered have been dealt with on the original Hunterian

lines, the intention being to bring together examples of

such structures in plants and animals as perform the

same function ; and comment is further made upon the

necessity for a large number of preparations " to supply

the places of those that have become worthless, and to

serve as illustrations of new discoveries, and phases of

thought." At the outset, necessity, begotten of progress

and advancement, is met by the propounding of a scheme,

clearly explained in the text, under which it is proposed

to distinguish, firstly, between "Structures concerned in

the preservation of the individual or to its advantage "

and those " concerned in the preservation of the race."

Under the former of these departments, sixteen headings

are included, under the latter eight ; and since the present

catalogue deals with but the first three of the former

series, those alone need be further remarked upon. They
read " Endoskeleton '

; "Flexible Bonds of Union and

Support "
;
" Muscular and Allied Systems" ; but before

passing on to consider them more fully, it may be said

that they and the twenty-one headings of sections to

follow are, in the preliminary portion of this, the first

volume of a series, individually set out in greater detail,

each with a concise statement of the order of arrange-
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ment to be adopted, and a definition, when necessary,

of what is implied in the heading it bears.

The arrangement of each section is so framed as to

include both plants and animals, whenever possible, the

former being considered first, and each in ascending

order. Turning now to the three sections to be speci-

fically considered, we find specimens illustrating, under

the first, the chemical composition, structure, and mode
of formation of the various endoskeletal systems ; under

the second, the various forms of ligaments and joints
;

and under the third, the forms, structure and texture of

muscles. To particularise in these columns concerning

the details of either of these is impossible ; but it may
be said that no leading type of tissue or arrangement of

parts is unrepresented, and that preparations like that of

the cartilages of the cuttle, the elastic honeycomb of the

flexor carpi muscle of the elephant, or of the leaves of the

sensitive plant fixed in the diurnal position, must be seen

to be appreciated.

The most attractive portions of the work are those

dealing with the marvellous array of processes occurring

in the growth of the coral skelet^on, and (as pertaining to

the study of joints and jointing) with the question of

adaptation in these to the conditions of existence. The
study of the general question of origin, detailed con-

stitution and relationship, of the coral skeleton, has for

years engrossed the attention of Prof. Stewart ; and to

our knowledge of this subject and the allied one of the

structural variations of the bony tissues of the osseous

fishes, he has in the long run added more than most

other investigators since von Kolliker. Beyond laying

this magnificent result of his labours before audiences

which annually assemble on the occasion of lectures

delivered in his official capacity, and occasional

"exhibits" before the Linnean and Zoological Societies,

he, with a modesty so marked as to be well-nigh depre-

ciative of his talents, has published nothing concerning

them ; and the present volume therefore comes rather as

a memoir from his hands than as a mere official cata-

logue, and it is worth all the scattered papers he could

have published in the time. It teems with interest and

records of beautiful objects, and is illustrated by fourteen

magnificent plates, mostly in colour, done from his own

drawings by the facile hand of Green, than whom no

better English lithographer in zoology exists. Of these

plates no praise can be too high, and we expect for them

an unprecedented popularity in the future. They must

be seen to be appreciated, and, with the exquisite pre-

parations they illustrate, constitute a possession of which

even the Royal College of Surgeons may well be

proud. Each of the entries in the catalogue bears a

registration number, and where desirable a short biblio-

graphic reference, as an aid to the student.

The success of this volume augurs well for the

future of the museum and its collections, and knowing

the unparalleled excellence of the numerous additions

which during the last decade have been made to the

series of which it treats, thanks to the curatorial genius

of Prof. Stewart and the unrivalled skill of his lieutenant,

Mr. R. H. Burne, we can safely predict even a better

result for the volumes yet to come. The collection of

zootomical preparations arising under their hands is far

S
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and away the best in existence, and together with the

governors of the college they have ensured a debt of

gratitude which it will take generations to repay.

In the pages of this volume the student will find

records of structures and relationships undreamt of in

the text-books, unrecorded in the best monographs ; and

it is a pity that he is not informed of this. The work

is a positive storehouse of new facts and intensely

interesting details, and will be of inestimable value to

zoologists at large.

A TEXT-BOOK OF MAMMALS.
Text-book of Zoology., treated from a Biological Stand-

point. Part I., Mammals. By O. Schmeil. Translated

by R. Rosenstock, and edited by J. T. Cunningham.

8vo. Pp. vii + 138, illustrated. (London : .^. and

C, Black, 1900.)

A S stated in the first title-page, this book is intended
' *• for the use of schools or colleges, forming, in fact,

a portion of the series of School Text-books now in

course of issue by the publishers. It is, therefore, essential

that it should be written in a popular and attractive style,

and also that it should be absolutely accurate and up-to-

date, both as regards the facts recorded, and, so far as

possible, in nomenclature. So far as this first item is

concerned, the present fasciculus appears to fulfil the

required conditions fairly well, the anatomical details

being treated in a manner which renders them of easy
apprehension by the student, while the descriptions of the
animals themselves are, if anything, written in a too

popular style. The plan adopted is to take a more or less

typical member of a group for special treatment, and then
to refer to the kindred forms in a more general manner.
Illustrations are numerous ; and while many of them are

excellent, others, especially the cut of a family of orangs
on p. 19, can only be described as hideous caricatures.

In a book written primarily for German students, it must
be inevitable that the animals of the Fatherland come in

for a fuller share of notice than would have been the case
had it been the product of an English author, but this is

a fault of no special importance.

When, however, we come to the second essential
feature of an elementary text-book—accuracy as regards
facts, classification and nomenclature—we are bound to

confess that the fasciculus before us fails lamentably.
Indeed, its appearance is almost a calamity for zoological

science in England, since the student who intends to

pursue the subject seriously will have much to unlearn
;

and even for those who only desire a smattering of the
subject, it is most important that they should become
acquainted with animals by their proper titles, and that
what they are taught as facts should really be such. In
his preface the editor tells us that he has practically re-

stricted his task to comparing the translation with the
original, correcting the proofs, making here and there
emendations in detail where a statement seemed open to
doubt, or where differences between the faunas of Britain
and Germany had to be indicated. For the sake of his
own reputation it is a pity that he did not compare the
work in detail with a standard English treatise on mam-
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mals, when he could scarcely have failed to detect some
of the shortcomings of the original text, despite the fact

that all the English treatises on the subject are now more
or less out of date.

As regards the general classification of the group,

although this differs to a certain extent from the one
generally adopted in this country, we have no comment
to make, except that for some unaccountable reason the

order Sirenia is totally omitted, while there appears to

be no mention of the animals by which it is represented

anywhere in the text !

Turning to some of the ordinal groups, we find the

orang taken as a typical representative of the apes, and
rightly named Simla satyrus. Naturalists will, how-
ever, be considerably surprised to see the chimpanzee

(p. 22) assigned to the same genus {Simla), whereas the

gorilla is made the type of a genus by itself; since if

there is one well-established zoological fact, it is the

intimate relationship existing between the chimpanzee
and the gorilla, and the wide gulf separating both from

the orang. Again, under the heading of the Platyrrhine

apes, there is no reference to the marmosets, and we
quite fail to find a reason for the statement (p. 22)

that the howling monkeys are the best known members
of that group. In treating of the Lemuroids, the author

departs from his rule of selecting one species for special

notice, and the space allotted to the group is ludicrously

inadequate.

As an instance of careless writing we may refer to the

notice of the tiger (p. 33), when, after stating that this

animal is found in Amurland and Central Asia, the

anthor proceeds to say that its "favourite haunts are

swampy districts of the tropical zone, thickly overgrown

with bamboo and similar bushes." Again, on p. 84 we
find Cricetus frumentarius alluded to as " the marmot or

hamster," although the true marmots are noticed in an

earlier page. Passing on to p. 105, we meet with the

statement that the Indian buffalo is said to exist in a wild

state in the "East Indies"; while the European bison

is stated to be extinct, although on an earlier page (98)

its existence in Lithuania and the Caucasus is alluded to !

Although we do not propose to notice in detail the hope-

lessly obsolete generic and specific nomenclature adopted,

the statement on p. 106 that " the best-known African

antelope is the gazelle {Antilope dorcas) " is, however, too

ludicrously absurd and incorrect to be passed over.

And as a second instance of incorrect nomenclature we
may refer to the inclusion of the roe (p. 108) in the same
genus as the red deer, from which the fallow deer is

excluded. And in this connection it may be mentioned

that the editor, who has been recently writing on deer

antlers, should have been aware that the brow-tine is not

developed in those of the roe.

Before leaving the Placentals, it may be mentioned

that the practice of reckoning the carnassial teeth of the

land Carnivora as distinct alike from the molar and pre-

molar series is not calculated to give the student an

idea of the homology of the cheek-teeth throughout the

class. And we also venture to think that the statement

on page 37, that " in its dentition the wolf very nearly

resembles the cat," in spite of the subsequent qualifica-

tion that the number of teeth is greater, scarcely accords

with the facts.
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In the definition of the Marsupials, exception must
be taken to the statement that the young are always
nourished in a pouch ; and when mentioning the occur-

rence of the group in America no reference is made to

Ciienolesies. Indeed, the account of the whole group is

entirely inadequate ; and when the author speaks of the

value of American opossum fur, we strongly suspect he
had in his mind the product of the so-called opossums
of Australia.

Finally, when treating of the Monotremes, the author

-tates that the spiny anteaters are represented solely by
llchiihia hystrix and E. setosa. As a matter of fact,

these two forms are but local races of a single species

whose name is E. aculeata ; and the author appears to

be totally unacquainted with the very distinct genus
commonly known as Proechicina !

As already said, we do not intend to criticise in detail

the nomenclature employed ; but in the retention of

names now discarded by those who have made a special

study of the class the author has done his best to put

his work out of touch with the present state of science.

In making this statement, we are aware that the author

lays stress on the circumstance that he is treating his

subject from a biological standpoint. This, however, in

our opinion, is no excuse for neglect of the details o

classification and nomenclature.

When treating of the adaptation of animals to their

environment, the author is always interesting ; and the

paragraphs devoted to this part of the subject are, to

our mind, the best in the whole fasciculus. R. L.

GOOD AND BAD AIR.

The Carbonic Anhydride of the Atmosphere. By Prof.

E. A. Letts, D.Sc, Ph.D., and R. F. Blake, F.I.C.,

F.C.S., "Scientific Proceedings of the Royal Dublin
Society," vol. ix. (N. S.), Part ii. No. 15. Pp. 270.

(Dublin : 190D.)

The Air of Rooms. By Francis Jones, F. R.S.E., F.C.S.
Pp. 59. (Manchester : Taylor, Garnett, Evans and
Co., I9CX3.J

''pHE first ofthese pamphlets wouldamply justify its pub-
J- lication, if it only served to emphasise the necessity

of further investigation into the methods of estimating
carbon dioxide in the atmosphere. It is partly experi-

mental, partly bibliographical in character. The authors
finding themselves called upon to make a series of obser-
vations on the carbon dioxide of the air, have made a
careful study of Pettenkofer's method, and have intro-

duced some necessary corrections, without detracting
very much from its simplicity. They take the precaution,

suggested by other observers, of preventing the action of
the baryta solution on the glass by coating the vessel
with a layer of paraffin wax. It may be pointed out that

a solution in benzene is more suitable than the melted
wax. The thinner film obtained with the solution is less

liable to crack. The baryta solution is manipulated very
ingeniously out of contact with air. Yet with all these
precautions the results show that perfection is far from
being attained

In the set of analyses on page 132 there is a dis-

crepancy between the highest and lowest figures of 10 per
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cent.^ in another set on the same page the difference

anriounts to 17 per cent., and on the next page to 20 per

cent.

It seems superfluous to introduce the third decimal

into the result when the experimental error affects the

first decimal place, and equally unnecessary to make a

correction for aqueous vapour, which only amounts to

about one and a half per cent, on the volume of carbon

dioxide, as against 10 per cent, or thereabouts from
experimental error.

The authors omit to mention how long the baryta

remains in contact with the sample of air. This is an
important factor which should not be neglected, for there

can be no doubt that the absorption of carbon dioxide by
the baryta proceeds at a rapidly decreasing rate and
that the final traces of the gas may take many hours to

disappear.

The book is full of useful information, drawn from a

variety of sources, the collection of which must have
cost the authors no little trouble. At the same time, one
is inclined to think that the value of the information

would have been enhanced if they had gone another step

and made a critical selection from the mass of analyses

which they reproduce, for the figures cannot all be equally

trustworthy, and many of them must be entirely illusive.

The second pamphlet relates to domestic hygiene. It

treats of the effects produced on the air of rooms by the

use of gas, coal and electric light for heating and lighting

purposes. The effect is determined by estimating the

amount of carbon dioxide by Pettenkofer's method, and
by exposing a layer of permanganate solution to the air

and finding the quantity of the salt reduced.

Mr. Jones, unlike the authors of the previous pamphlet,

is not troubled by misgivings about Pettenkofer's method,

except in the matter of the baryta attacking the glass.

He therefore substitutes lime-water as the absorbent,

apparently unaware of the fact that its effect on glass is

precisely of the same character, which may be easily

observed by placing very dilute lime-water coloured

with phenolphthalein in any glass vessel ; in a

day or two the colour will be completely dis-

charged. As the results here are only required

for comparison, great accuracy is not requisite, and the

ordinary method may be relied on. The results of the

permanganate method will scarcely serve to recommend

i

It. We find, for example, that in two experiments made
on July 21 two-thirds the quantity of permanganate was
reduced in the one case in double the time. As Mr.

Jones points out, the quantity of dust may affect the

rapidity of reduction. If this is the case, effective ventila-

tion will produce disturbance of the air and movement of

dust as well as local currents from gas-jets, and it will be

difficult to differentiate the two. The results which Mr.

Jones obtains are precisely what might be anticipated if

we take into account the fact that a coal fire produces an

enormous air current through a room near the floor level,

whereas a gas fire usually only serves to carry away its

own products of combustion. Mr. Jones finds that the

purest atmosphere is maintained with a coal fire and
electric light ; then follow gas fire with electric

light, coal fire and gas light, and gas fire and gas light.

The worst effect is produced by an open gas cooking

stove without fliie. The author shows, moreover, that
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gas light is more deleterious than a gas fire. That the

worst atmosphere exists at the top of a room where the

heated products of combustion accumulate is only

natural. That is the reason, it is to be presumed, why

the topsy-turvy method of ventilating at the floor level

with a coal fire is the one most generally in use.

J. B. C.

OUR BOOK SHELF.
Lamarckiens et Darwiniens; Discussion de quelqiies

Theories sur la Formation des Especes. Par Felix Le
Dantec, Charge du Cours d'Embryologie gdndrale k la

Sorbonne. Pp. 191. (Pans: Felix Alcan, 1899.)

This is a well-intended, but scarcely adequate, endeavour
to reconcile the Darwinian with the Lamarckian con-

ception of evolution. While admitting the principle of

natural selection as an important factor in organic
development, the author seeks to explain the origin of

species mainly on a Lamarckian basis. It may be
doubted whether his suggested compromise will com-
mend itself to either party. We are of opinion, pace
M. Le Dantec, that Darwin's estimate of Lamarck was
perfectly just ; and that if Lamarckian views are to

prevail, it must be by dint of facts and arguments other
than those adduced by Lamarck himself. The present
volume contains nothing approaching a demonstration
of the inheritance of acquired characters ; and until this

is forthcoming, the Lamarckian fabric must be held to

lack foundation. It is curious that the author, who has
undoubtedly grasped the principle of natural selection,

should not see how groundless is his hesitation in apply-
ing it. A reason for this failure is doubtless to be found
in his tendency to deal with cases of adaptation as if

they were ready made ; he has apparently not taken into

account the evidence of gradual approximation to the
completely adapted condition. How, he asks, can chance
have produced the aspect of Kallitna ? A study of allied

forms might have shown him that his question was wide
of the mark. On the crucial subject of mimicry and
protective resemblance, this strange reluctance to carry

an admitted principle to its legitimate end produces
especially unfortunate results. M. Le Dantec is con-
stramed, not only to suppose that the white of Arctic

animals may be a direct result of the colour of their

surroundings "as in Poulton's experiments on cater-

pillars," but to assume the conscious adoption of ap-
propriate habits on the part of protected organisms. It

would seem that not much is here gained by the abandon-
ment of the Darwinian standpoint. In the last few
chapters of the book the author expounds his " bio-

chemical" theory of heredity, but without throwing any
new light on the familiar difficulties of the subject. It is

open to any one to proclaim his faith in the essentially

chemical character of all kinds of protoplasmic activity,

but the fact remains that among these phenomena there
is a residuum which does not easily relate itself with
what is known of the properties of other kinds of matter.
This is where the problem was found by M. Le Dantec,
and this is where he has left it. F. A. D.

Helen Keller : Souvenir. Pp. 65. (Washington :

Volta Bureau, 1899.)

The achievements of Miss Helen Keller bear striking

testimony to what it is possible to accomplish in the
eduratipn of the deaf. Though totally blind, as well as

deaf, from infancy, she succeeded in passing the examina-
tion for admission into Radcliffe College, Harvard Uni-
versity, a year ago. In honour of this remarkable result,

the Volta Bureau, which exists for the increase and
diffusion of knowledge relating to the deaf, has published

this souvenir, containing an account of her career, con-
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tributed by Dr. A. Graham Bell, Miss A. M. Sullivan

and other instructors, and herself.

Dr. Bell considers that the lesson taught by Miss
Keller's case is that books should be used at the earliest

stages of a deaf or blind child's education. " I would
have a deaf child read books in order to learn the

language," he remarks, " instead of learning the language
in order to read books." Miss Sullivan describes how
she gave Miss Keller books printed in raised letters

long before her pupil could read them. Words of par-

ticular shapes were associated with particular objects and
actions, and in a comparatively short time Miss Keller thus

acquiredan exceptional knowledge ofthe English language.

Miss Sullivan employed the manual alphabet exclusively

as a means of communication at the commencement of

the child's education. She adopted the method of talk-

ing to Miss Keller just as she would to a seeing and
hearing child, spelling into her hands the words and
sentences she would have spoken to her if she could have

heard, in spite of the fact that at first much of the

language was unintelligible to the child. Three years

after beginning to communicate by means of the manual
alphabet, Miss Keller began to try to imitate sounds.

Some deaf children are taught to speak by imitating the

movements of the lips of the teacher. Miss Keller could

not see these movements, but she could feel them by
touching her teacher's lips, and she was soon able to

reproduce the same sounds and articulate words.

How Miss Keller was prepared for admission into

Radcliffe College, the entrance examination of which is

exactly the same as that of Harvard College, is described

by her instructors, and Miss Keller gives a simple chrono-

logical account of her studies. The whole statement

is a remarkable narrative, and will be of the deepest in-

terest to teachers of the deaf and students of psycho-

logical development.

The Psychology of Reasoning. By Alfred Binet. Trans-

lated by Adam Gowans Whyte. Pp. 191. (Chicago :

Open Court Publishing Company. London : Kegan
Paul and Co., Ltd., 1899.)

This is a translation of the second edition of M. Binet's

well-known book, the main object of which is to show

the essential similarity of perception and reasoning, and

to illustrate the nature of the latter by our more com-

plete knowledge of the former, especially with reference

to the part played in perception by mental images.

When the " Psychologie du raisonnement " first appeared,

the more or less novel facts about mental imagery dis-

covered by Galton and Charcot were described in a clear

and interesting manner, and this feature remains with-

out alteration. In fact no appreciable alterations have

been made in the present edition, even when called for ;

thus Parinaud's evidence in favour of the central seat of

after-images is repeated, although generally acknow-

ledged to rest on a misconception ofthe relations be-

tween the two eyes. The book is full of interesting

psychological facts ; but unfortunately most of these are

drawn from hypnotic experiments, and Binet does not

yet appear to have recognised that, owing to the influence

of unconscious suggestion, it is very dangerous to found

psychological theories on such a basis.

Nevertheless M. Binet's work should be very welcome

in an English form, and this the more so that the

translation has been very well done.

Electric Batteries: How to Make and Use Them.

Edited by P. Marshall. Pp. 63. (London : Dawbarn

and Ward.)

The principal forms of primary electric batteries are

described in this little book, and some serviceable details

are given concerning their working and use. The book

will be particularly helpful by amateur electricians ;
and

students of electricity will find in it some information not

usually given in the text-books.
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LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of rejected

manuscripts intended for this or any other part of Nature.
No notice is taken of anonymous communications.'\

Snow-drifts on Ingleborough in July.

On July 4 last I was on Ingleborough with a party of

geologists examining the swallow-holes which mark where
the water, running off the impervious drift and shale above
Newby Moss on the southern shoulder of the hill, first reaches

the Mountain Limestone. Some of these swallow-holes are

what we may call obsolete—that is to say, when new openings
have been formed and enlarged as time went on, some of the

chasms which obviously at one time carried off the flood-water

from a large gathering-ground, now receive only what oozes in

from the peat and drift immediately round it, or the rain which
falls directly on it : and rain seldom falls vertically up there.

Some of them seem to have been developed without any large

body of water having ever invaded them. They run to great

depths, the open shaft being from 30 to 360 feet deep, below
which the cavernous rock carries the water on through caves
and crevices and open joints far down to the valley below.

In one of the vertical caves, which lies east of Long Kin and
luns down into the limestone rock to a depth of some 70 feet,

there were masses of snow to 4 feet in thickness. It was
speckled brown on the surface, from the particles of peat which
had been blown on to it, but was pure and white within. Obviously
the chasm had been filled by drifted snow during the winter, and
the summer's sun could not reach that depth to melt it, while

the earth temperature was lost on the moist pinnacled rock on
which it rested. No flood ever filled this particular chasm with

a swirling torrent, such as at times fills Weathercote Cave,
Hunt Pot, or even Gaping Ghyll up to the brim, and causes
them to overflow.

Here, therefore, we had an accidental combination of con-

ditions favourable for the preservation of snow, long past mid-
summer, at a height of not more than 1500 feet above the sea,

on the flank of a Yorkshire mountain.
This is an interesting fact to bear in mind when speculating

upon the causes of glacial conditions having so -recently pre-

vailed over the British Isles. We see here that half-way up
Ingleborough, in an exceptionally hot summer, the air tempera-
tiire alone could not remove last winter's snow.

T. McKenny Hughes.

The Total Eclipse of the Sun of May 17-18, 1901.

In tht Nautical Almanac Circular (No. 18) local particulars

of this eclipse are given for four places in the eastern portion of

the shadow track, three of which, Padang, Pontianak and
Amboyna, are situated in Netherlands India. In the explana-
tions it is mentioned that, from inquiries which have been made,
it appears that the positions selected are the most accessible,

and that it would probably be impossible for observers to occupy
any neighbouring station for which the astronomical conditions
might be more favourable.

Surely these inquiries have not been made on the spot, where
the information could best have been obtained. • Other localities

in the Government of Sumatra's west coast are as easily accessi-

ble as Padang, from which a railway leads to the interior ; and
other localities on the banks of the Kapuas as easily as Ponti-
anak. Moreover, many other places may give opportunity to

eclipse parties for observation, viz. on the islands of Lingga
and Singkep, on the banks oi the Barito and the eastern coast

of Borneo, in the Gulf of Tomini (Celebes) and in the Moluccas.
The conditions, however, will be most favourable in the western
part of the Archipelago, both on account of the longer duration
of totality and also for local resources. Through the Koninh-
lijhe Natuurkundige Veruniging at Batavia, data have been
gathered referring to the conditions of weather and cloudiness
at a numljer of stations most suitable for the observation of the
eclipse, and the data will be published in due time. The general
impression is, however, that the chance for fine weather is

nowhere very great. The Society will be pleased to procure
full information as to the choice of stations, and observers may
be sure to receive every available assistance from the local

authorities and officials in the Dutch colonies.

J. J. A. MULLER.
(President of the Kon. Natuurk. Ver., Batavia, July 17).
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The Reform of Mathematical Teaching.

Many schoolmasters tell us that boy-nature is so depraved
that his time must be fully occupied, and that a "regular hard
grind " is the only way to keep him out of mischief. They give

him things to grind that do not interest him ; it may be that he
does not understand them, or that they have no human interest.

And yet every boy has interests, and teaching directed towards
those interests would enthral him. The first aim should be to

attract the boy's attention, and a subject which no excellence of

teaching will make interesting to a particular boy is no fit subject

of study for him.
The case of mathematics is bad. The reasoning is too abstract

for a boy's mind, but it has worse faults. Long strings of reason-

ing are employed to deduce fairly obvious conclusions from
premises no more obvious, e.g. in the theory of parallels. On
the other hand, incorrect proofs are given because the boy cannot
grasp correct proofs, e.g. for the binomial theorem. Geometry
is in worse case than algebra. Euclid's interest was logical

rather than geometrical ; he wished rather to put together a con-
sistent series of syllogisms than to give the best .solution of his

problems: witness his bisection of a straight line. In con-
sequence, the natural order of development is lost sight of. A
boy ought to be at home with rulei and compasses before he
reasons about the constructions possible with them, and yet most
schoolboys have never handled compasses. A few weeks ago I

asked some hundred boys in a well-taught school (as present
teaching goes) to give a certain construction of Euclid's, and also

to carry out the construction with ruler and compasses on a
given line. Hardly one failed to write out the construction and
proof, but only one of the hundred carried out the practical con-
struction. Clearly our present Euclidian teaching has little to do
with geometry.
To lay before a boy a proof he does not understand is useless,

to prove the obvious is confusing, to give an incorrect proof is

immoral. Prof. Perry's plan to abolish proofs in the early stages

is a great step in advance of present teaching. For the boy of

mathematical ability it would perhaps be well to run theory

alongside, at the rate of five or six propositions for Euclid's

entire first book. This would, however, interfere with class

teaching, and the mathematical boy would lose little by going
through a good deal of the practical course before touching

theory ; if with a hint here and there he could be got to evolve

the theory for himself, he would gain much.
Possibly a theoretical training leads one to look with too

favourable an eye on early theory. In any case, that in the

hands of a good teacher theory and practice could well go hand
in hand for boys even of average ability is shown by two able

papers by Mr. Branford, in the Journal of Education, on the

first teaching of geometry. We may finally reach this stage, but

till we have these good teachers practice should precede theory.

David Mair.

Functions of an Organ of the Larva of the Puss Moth.

This season I am breeding, with the object of observing their

gradual growth and development, a number of the larvae of

Cerura (or Dicranura) vinula, the Puss Moth ; but I have

sought in vain for the function performed by the slender red

filaments, ejected, at the insect's will, from its twin tails. They
appear to shoot from their sheathes, just on the same principle

as do a cat's claws ; but to what purpose ?

Surely such a beautiful, delicate organism could not have
been appointed to no purpose ! Is this merely an instance of

entomic mimicry, simulating, for its own protection, the sting of

some venomous insect ; or does this strange organ perform some
practical, active function ?

I shall be very greatly obliged if you can tell me whether

this point has been already decided or not, and, in the latter

case, perhaps some of your correspondents will kindly com-
municate their views upon it. Arthur S. Thorn.

4 Malcolm Road, Penge, August 10.

Dark Images of Photographed Lightning Discharges.

A VERY clear illustration of the reason why some of the light-

ning discharges in a photographed thunderstorm appear dark

was afforded me at Wednesfield, Staffordshire, about mid-day

on Thursday, July 19. There were a number of double flashes,

that is, two discharges occurring rapidly in the same apparent
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region, but following dififerent courses, and separated in time by

from one-eighth to one-half of a second. But one flash, quite

near to where I stood (one second and a half between flash and

sound), gave a repetition following absolutely the same path as

the first flash and practically as bright. The only diff"erence

was that two faint branches of the first flash were not repeated

in the second discharge. The second flash followed so quickly

(about an eighth of a second, I estimate), that the impression on

the retina of the first discharge had not died out when the

second exactly covered it, so that I could appreciate the absolute

coincidence. A few kinematographic records of thunderstorms

would show whether or not such repetitions are common, and
whether they are the cause of dark flashes on the photographic

plate.

Cave Castle, Dumbartonshire, N.B. J. B. Hannay.

THE LAVOISIER MONUMENT.

''P
HE monument erected by international subscription

A in honour of Lavoisier was unveiled on July 27, in

the presence of M. Leygues, French Minister of Public

Fig. I.— The statue of Lavoisier.

Instruction, and many eminent men of science, including
!

most of the members of the International Congress of
j

Chemistry. The committee entrusted with the raising

of the fund for the statue succeeded in obtaining a sum
of 100,000 francs, which was subscribed by admirers of
Lavoisier in most parts of the civilised world. M.
^Moissan was the secretary of the committee, and he
acknowledged at the unveiling ceremony that there had
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not been the slightest difficulty in obtaining the means
to erect the monument—many subscribers, indeed, were
astonished to learn that Paris, where monuments abound,
did not possess a statue of the eminent chemist whose
investigations helped to lay the foundations of moderi>
chemistry. It is true that appreciation of the great
chemist has been shown by the publication of his com-
plete works, but these are only known to a limited
number of students, and the people who live in the pre-
sent are likely to forget how much they owe to the past
unless they are reminded of their indebtedness by some
striking monument in bronze or stone. For this reason,
it is well that a permanent memorial of Lavoisier's
greatness has now been erected.
The statue, which is represented in the accompanying

illustration from La Nature., is erected in the open space
behind the Madeleine Church, close to the house where
Lavoisier lived for some years. It is of bronze, and
stands upon a granite pedestal ornamented with bas-
reliefs. The statue is by M Barrais, and the ftedestal

is due to M. Gerhardt. Upon the front of
the statue the following inscription appears,
in French, " Antoine Laurent Lavoisier,.

1 743- 1 794, founder of modern chemistry.
Erected by public subscription, under the
patronage of the Academy of Sciences. M.
Berthelot, Permanent Secretary of Physical
Sciences, 1900." One of the bas-reliefs repre-

sents Lavoisier explaining his discovery of
the composition of air to his colleagues of
the Academy of Sciences, of which he was
president, the characters introduced into
the scene being Monge, Lagrange, Condorcet,
BerthoUet, Vicq d'Azyr, Laplace, Lamarc
and Guyton de Morveau. On the other
bas-relief Lavoisier is shown in his laboratory-

dictating notes to his wife. The statue
appears to be a real work of art, worthy of
»the sculptor and of the subject.

M. Berthelot was to have presided at the
ceremony of the unveiling, but illness pre-

vented him from being present, and his

address was read by M. Darboux.
Reference was made to the fact that the

inauguration took place under the auspices
of the Institute of France, the City of Paris
and the French Government, and stress was
laid upon the truly international character
of the homage to the genius of Lavoisier^

as testified by the subscriptions. The fol-

lowing is a free translation of parts of the
address :

—

The names of Galileo, Newton, Leibnitz and
Lavoisier show that science has no nationality, a
monopoly of pure or applied science being the

property of no one nation. The erection of a

statue in a public place is an honour usually

reserved for statesmen and warriors, men who
have spattered the earth with blood, too often

without lasting profit to the nation devoted to

them. To-day the famous savant, thinker, artist,

is put in the first rank ;by enlightened people,

and posterity will doubtless continue to show an

increasing respect for the memory of those men
who have served the human race, and to relegate

to obscurity the men of blood and intrigue who
have enslaved it.

The work of Lavoisier is epoch-making from two points of

view, from that of philosophy, because he established the fun-

damental law which governs the chemical transformations of

matter, and from the practical point of view, because this law

has become the base of innumerable industries founded ork

these transformations, and the origin of the rules of hygiene

and therapeutics which follow from it. The fundamental dis-

covery of Lavoisier was the distinction between matter and the

imponderable .agents, such as heat, light, electricity, which
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influence it. The discovery of this distinction overthrew all the

old ideas dating from antiquity, and which continued up to the

end of the last century. According to the idea? which were cur-

rent when Lavoisier started his work, there were four elements

—earth, air, fire and water—from which all substances existing

in nature were said to be built up. By associating these ele-

ments in different proportions and by different methods, it

ought to be possible to produce all bodies and transform any

one into any other. As a matter of fact, the prolonged re-

searches of serious workers had never succeeded in establishing

this transformation, nor has this been accomplished since. But

preformed ideas are tenacious, especially when supported by

mysticism.

An equally grave mistake was committed in supposing that

bodies submitted to the influence of heat alone could vary in

weight, a variation apparently proved by innumerable observa-

tions with the balance in chemistry. It is, in fact, a most

singular error, although one frequently held, that the use of the

balance in chemistry dates only from the end of the last century.

In reality its use is sixteen centuries old. The balance was used

both in chemistry and in trade ; it may be seen represented on

the monuments of ancient Egypt. Bodiessuch as coal, oils and

organic substances under the action of heat were known to lose

their weight, hence was drawn the conclusion that matter may
be transformed into heat and disappear ; whilst heat, on the

other hand, under inverse conditions, could be fixed, becoming

visible ponderable matter. These opinions gave way to the

views of Stahl, according to whom combustible bodies were

rich in phlogiston, or fixed heat. Such was the state of science

about 1772, when Lavoisier appeared on the scene. Ten years

were sufficient for him to effect a complete transformation. He
established, by the most precise experiments, a fundamental

distinction, previously unknown, between the nature of bodies

which we know, and heat and other agents capable of modifying

these ; it is the distinction between ponderable bodies and the

imponderable heat, light, electricity, the intervention of which

causes no change of weight in ponderable matter.

It could hardly have been expected that one man alone should

make all the researches establishing the properties of gases, the

composition of air and of hot water, and in this respect there

can be no doubt that Lavoisier profited by the partial work of

his predecessors and of contemporary workers ; but to him alone

belongs the merit of demonstrating the connecting links, and
of giving the facts their true interpretation.

Two fundamental problems were first attacked by Lavoisier,

the gain in weight of metals on calcination, and the apparent

loss of weight of carbon, sulphur and oils on combustion. His

first discovery was to put these phenomena upon a proper ex-

perimental basis. He demonstrated that in all such cases a

weighable substance contained in the air takes part in the

change, the addition of which explains the increase of weight of

the calcined metals, an increase equal to the loss of weight sus-

tained by the air. The same ponderable element in the air was

shown to take part in the burning of carbon, sulphur and oils,

forming gaseous compounds, the weight of which was also de-

termined by Lavoisier. It was thus established, what had

never been done before, that the materials of bodies possessing

weight kept this weight constant throughout a series of chemical

changes, heat and other agents of the same order having no

effect either in increasing or decreasing the weight of the original

bodies. This fundamental distinction between ponderable

matter and imponderable agents is one of the greatest discoveries

that has ever been made ; it lies at the base of physical, chemical

and mechanical science. Lavoisier, however, went farther than

this, and attempted to penetrate the constitution of ponderable

matter itself. He recognised that in all known experiments it

presents itself as constituted by a certain number of unde-

composable elements or simple bodies, which, combining
amongst themselves, form ail known compounds.
The two fundamental laws of nature once established—the

distinction between matter and imponderable agents, and the

invariability of the nature and weight of the simple bodies

—

Lavoisier went on to draw important conclusions on the

composition of the acids and metallic oxides, the composition

of air, water and organic substances, on the rdle of heat

in chemistry, on animal heat and on the niture of respiration

in physiology.

What share ought to bs now attributed to Lavoisier in the

classical discovery of the compound nature of air and water, a
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discovery in which he competed with Priestley and Cavendish ?

The matter would take too long to give here in detail. Suffice

it to say that he alone swept from the composition of air and
water the erroneous notion of phlogiston maintained by his

contemporaries.

All these discoveries, accumulated in the course of only a
dozen years, and carried out with wonderful ardour and energy,

were not simple proofs of isolated facts ; on the contrary, they

were the consequences logically deduced and experimentally

demonstrated of the two fundamental laws due to the genius

of Lavoisier. The physiological questions relating to respira-

tion were also answered completely and successfully ; given a
correct knowledge of the elementary composition of carbonic

acid, of food materials and of air, respiration was then obviously

a slow combustion of food by the oxygen of the air, a com-
bustion producing carbonic acid and developing at the same
lime sufficient heat to maintain the human body at a nearly

constant temperature.

A complete account of the after effect of Lavoisier's work
would require almost a history of physical science during the

nineteenth century ; but an attempt will be made to recapitu-

late the more immediate consequences upon existing knowledge.
The notion of the invariability of the weights of the simple

bodies dominates the whole of chemistry at the present time ; it

is the scientific basis of all our chemical equations of composition
and constitution, the origin of the new and singular algebra
which, from its origin in the vvorks of Lavoisier, so struck the

mathematicians of his time. It is also the solid foundation of

all our analyses, and is a certain starting-point in industries the

most diverse, the manufacture of acids, alkalis, colouring

matters, scents, drugs, in metallurgy and in agriculture.

And here a necessary reflection occurs. It cannot be pretended

that Lavoisier was the direct and personal author of the vast

array of discoveries here enumerated ; but it is certain that it

is he who has established the solid base upon which the modern
chemical edifice is constructed, and without which these dis-

coveries could not have been made ; it is he who has raised the

flaming torch of truth which we daily invoke, and for that

reason it is just and equitable to give to him a part of the glory

of the inventions of science and modern industry.

T'

NILE FLOODS AND MONSOON RAINS.

HE practice or science of weather forecasting will

evidently proceed on two very dififerent lines

—

according to the relative importance of local or seasonal

changes in the general meteorological conditions, and
whether the prediction has reference to a long or a short

period. The machinery employed in cases where the

forecast aims at great minuteness over a small area

consists mainly of the synoptical chart, based on inform-

ation supplied by rapid telegraphic communication, and
in the hands of experts this means probably proves

sufficient, and furnishes a fair percentage of accurate

predictions. But in the more difficult, as certainly the

more important, problem of predicting the weather some
time in advance, and over a considerable area, a problein

which regularly recurs in the monsoon forecast for India,

one must evidently depend on the more general physical

conditions that are produced by the motions of the earth

and the distribution of land and water on its surface.

These causes, it is true, are always operative, and to a

certain extent ineteorological phenomena, broadly con-

sidered, must be periodic in their main features. The
causes of deviation from periodicity, and the extent of

the area afifected by such abnormal conditions, are prob-

lems which the professional meteorologist has to

encounter, and it is to be feared with insufficient means.

But it seems not unlikely that, in proportion as the

problem becomes more general, by bringing wider areas

within the scope of the discussion, the prospects of

greater success will become more assured ; and it cannot

but be considered a most significant feature that indica-

tions are not wanting that in the two considerable areas,

India and Egypt, the respective climates betray
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peculiarities which may either react upon each other, or

the origin of which must be sought in a common source.

From two independent investigations come attempts

to trace a connection between the amount of the Nile

floods and the abundance or deficiency of the south-west

monsoon rainfall in India. Mr. Willcocks broached this

subject in a paper read before the meteorological

congress at the World's Exposition in Chicago, and
there suggested that famine years in India are generally

years of low flood in Egypt, and that when the summer
supply of the Nile had been deficient and late, a high

flood might well follow, since the drought in the valley

of the White Nile must create a powerful draught from
the Indian Ocean or the Arabian Sea, a district in which
is to be sought the origin of the massive current of the

south-west monsoon. Unfortunately, any exact data to

establish this interesting connection are not forthcoming,

and can hardly be expected, since the Nile is supplied

from two distinct sources, and it is impossible to separate

and trace the effect of either contribution. Of the great

lakes of Central East Africa which constitute a reservoir

for the Nile waters, little is known as to the variation

in their relative height due to the rainfall in their

vicinity, which lasts from March to December. At Port

Alice, on the Victoria Nyanza, and at some other

stations, observations, more or less regular, are made of

the variation in the heights of the water, but in the

absence of any common datum level these heights are

referred to that of the mean lake. Much surveying work
and long-continued observations will have to be made
before these scanty statistics can be turned to full

account. Of the second source of supply to the Nile,

viz. the flood waters in the Atbara, the Blue Nile and
other rivers, fed during the rainy season from June to

November, we know practically nothing as to their

amount. But if is this seasonal supply which is prob-
ably the greatest factor in causing variations in the Nile

floods, and where a connection with the causes of the

Indian rains is closest. Whatever influences the flow of

the monsoon current from the equator northwards over
the Indian seas towards the heated regions of India and
the Malay Peninsula must have a proportional effect on
East Africa and South Arabia. With heavy monsoon
rains, therefore, it is not unlikely that the contributing

rivers add materially to the volume of the Nile waters,

but it is not altogether a trustworthy guide to gauge the

amount of water that enters the Nile by measuring the

quantity that passes a particular station. Much water
enters the Nile that never contributes to the irrigation of

Egyptian lands. Of the amount lost by evaporation no
account can be taken, but a source of greater error arises

from the peculiar flatness of the ground about Shambe,
which forms the apex of the swamp delta. Here the

Nile can spread its waters over a large area, and
practically lose itself as a river among the beds of reeds
and rushes, which form a veritable swamp. Engineering
works, already projected or actually begun, aim at clear-

ing some or other of the feeding streams, such as the
Bahr el Gebel or the Bahr el Zarab, and the effect must
be, when completed, to break the continuity of such
observations as have been made. Other sources of error
are to be found in the varying quantity and character of

the " sudd" which may interrupt the flow or diminish the
amount of evaporation ; but without insisting on too
much accuracy, there exists a certain amount of evidence
that the two great agricultural countries of Egypt and
India are likely to be prosperous together or to suffer in

common.
Mr. Eliot, the meteorological reporter to the Govern-

ment of India, in his recent forecast of the probable
character of the south-west monsoon rains of 1900, not
only fully endorses Mr. Willcocks' statement, but adds
some statistics which render a connection highly
probable. Omitting a few local particulars from Mr.
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Eliot's statistical summary, the broad features are shown
below.
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same train in order to visit the Brimham Rocks. These
two excursions will occupy the whole of Saturday. The
excursions, then, arranged for Saturday, September 8, are

as follows :

—

Bolton Priory.—The party will leave the Bradford
(Midland) Station at 1.32. Drive from Bolton to the
Priory, where they will be received by the vicar, the Rev.
A. P. Howes, who will give a brief description of its his-

tory and architecture. They will then drive forward
along the banks of the Wharfe to the Wooden Bridge,
where tea will be provided : an opportunity will be given
for a visit to be made to the Strid (celebrated by Words-
worth), and then the party will be driven back to the
station in order to reach Bradford in time for dinner.
Mr. Geoffry Fison will be the leader of the excursion.
Farnlev Hall.—The residence of the Fawkes family,

which contains a wonderful collection of Turner's pic-

tures. The Hall- is of great historical interest, as it was
the residence of Lord Fairfax in the time of the Civil

War, and many relics of the period are shown. The
party will leave the Midland Station at 1.15 for Otley,

where they will be met by Major Mitchell, of Cayley
Hall, the leader ; they will then be driven to Farnley,

and as much time as possible will be spent in inspecting
the Turner pictures and the beautiful old Hall. Major
Mitchell will afterwards entertain the party to tea in his

grounds, and they will then be driven back to the

station.

Ilkley.—The excursion will start from the Midland
Station at 1.32, under the leadership of Mr. Mortimer
Wheeler ; at Ilkley the party will be divided into several

smaller bodies, who will in turn visit the Roman camp
and fortifications, some curious Saxon crosses that are

to be seen in the churchyard, and some remarkable
instances of cup and ring marks, which are to be seen
on Rombald's Moor above the village. At 4.30 the
different parties will reassemble in the beautiful grounds
of the Wells House Hydro, where they will be enter-

tained to tea by the invitation of the directors. They
will arrive back in Bradford about 7 o'clock.

Haworth.—The train will leave the Midland Station

at 1.20, and the party will be met at Haworth by Mr.
F. Greenwood, the president of the Bronte Society,

who will escort them to the church and the Bronte
Museum, and show them many places which will be
familiar, from description, to the readers of "Shirley."
The leader of the party will be Mr. J. A. Clapham.
Knaresborough.—Major H. D. Sichel will conduct

a party to Knaresborough, the train leaving at 1.15. On
arrival, the visitors will be divided into two parties, and,
under the leadership of Major Sichel and Mr. Arthur
Harris respectively, they will be taken by opposite routes

to visit the Castle, the petrifying Dropping Well, and
Eugene Aram's Cave. Afterwards they will be driven
to Plumpton Rocks, where tea will be provided, and they
will return by a train reaching Bradford about 7.30.

Kirkstall •A.bbey and Adel.—The train will leave
the Midland Station at 1.25, and Kirkstall Abbey will

be described by Mr. E. Kitson Clarke, the leader. The
visitors will then be driven to Adel Church, which is

almost a unique instance of Saxon architecture, and which
will be described by the vicar. They will then drive
back to the Yorkshire College, Leeds, where they will

be entertained to tea by the principal. Dr. Bodington,
one of the vice-presidents of the Association.

Pateley Bridge.—As indicated above, this is the only
excursion extending over the whole day. Two parties

will leave by a special train at 1.15, the one conducted by
the Mayor (Mr. Wm. C. Lupton, J. P.), for a small party
of engineers, who will be driven from Pateley to the Nidd
Valley Waterworks ; the other, exclusively for geologists,

who, under the leadership of Mr. J. Lower Carter, will

walk to the Brimham Rocks, and visit other places of
geological interest.

NO. 1608. VOL. 62]

For the week-end (September 8-10), the Yorkshire
Naturalists' Union are organising a specially interesting

excursion. The district which has been selected is the

neighbourhood of Grassington, in Upper Wharfedale,
which is not merely a romantically picturesque region,

but a remarkably good district for nearly all branches of

natural history and geology. The excursion is intended,

as far as possible, to be one strictly for practical working
naturalists, and as accommodation is very limited, it will

be needful to give preference to such members of the
British Association as are likely to investigate in their

own particular department. The arrangements will be
under the direction of leading Yorkshire naturalists, who
hope to introduce their comrades from other parts of the

country to a remarkably interesting district. There will

be the usual fully descriptive circular prepared, which
will be sent to any one who may apply for it to the hon.

sees, of the Yorkshire Naturalists' Union, Leeds.
Thursday, September 15.—The whole-day excur-

sions arranged for the concluding day of the meeting are
as follows :

—

The Ackton Colliery.—This excursion, which will

be under the leadership of Mr. C. J. Cutcliffe-Hyne, is

intended for a limited number of botanists, geologists

and engineers, in order that some opportunity may be
given them of examining ^he Yorkshire coal-measures.

The party will be divided into two on arriving at Feather-
stone : the one will be taken down the pit, while the other
will examine the machinery and various interesting

material on the bank. They will then meet at one o'clock

and will be entertained to lunch by Lord Masham, the

owner of the mine, after which the proceedings will be
reversed, and the respective parties will be taken round
the bank and down the pit ; they will then reunite, and
after partaking of afternoon tea will return to Bradford.

Bolton Priory.—This is an amplification of the

previous half-day visit, again under the leadership of
Mr. Geoffry Fison. Fuller opportunities will be fur-

nished of seeing the Priory and the Strid, and lunch
will be provided at the Wooden Bridge. In the after-

noon a visit will be made to Barden Tower, the ancient
keep of the Lord Clifford, of the Wars of the Roses
fame, and of his son, the Shepherd Lord.
RiPON AND Fountains Abbey.—Mr. Mortimer

Wheeler will conduct a party to Ripon ; after a special

musical service at the Cathedral, they will be driven to

Fountains Abbey, and lunch will be provided in the

Refectory. They will then be taken over the ruins by
the Dean of Ripon, after which the Marquis of Ripon
will entertain the party to tea. On returning to Ripon,
if time permits, they will be conducted to the crypt and
the more interesting parts of the Cathedral by the Dean
before leaving for Bradford.

Swinton Park.—By the invitation of Lord Masham
and under the leadership of the Mayor, Mr. William
Lupton, a party will visit Masham. On arrival, they
will be driven to Jervaulx Abbey, the ruins of which, of
course, possess great historical interest, and will then

return to Lord Masham's residence, Swinton Hall, the

drive each way being of extraordinary beauty. At the
Hall they will be entertained to lunch by Lord Masham,
after which the afternoon will be spent in inspecting the

very fine collection of Old Masters and modern pictures,

and the party will drive to the station to join the special

train, which will convey also the party from Ripon.

Malham. —A party, under the leadership of Mr. Cecil

Slingsby, will leave at an early hour for Bell Busk ;

thence they will drive across country to Malham, and
after lunch they will visit Gordale Scar, and, if time per-

mits, at the invitation of Mr. Walter Morrison, M.P.,

they will go on to Malham Tarn and Malham Cove.

They will leave Malham about 5 p. m. and drive to Skipton,

visiting Skipton Castle on the way, and thence by train

back to Bradford.
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Settle and Clapham.—By the same train which
conducts the party to Malham, another party will leave

for Settle under the guidance of Mr. J. J. Brigg. After

visiting the Victoria Caves, they will drive to Ingleton

and lunch. From there they will walk through the

beautiful grounds of Mr. J. A. Farrer and explore the

Clapham Caves, in which most extraordinary specimens
of stalactites and stalagmites are to be seen.

The two last excursions are specially intended for

geologists.

York.— It is, of course, essential that York, where the
first meeting of the British Association was held seventy
years ago, should be visited. The party will arrive in York
about II o'clock, under the leadership of Mr. J. A.
Clapham. The visitors will immediately proceed to see
the walls, the museum, and St. Mary's Abbey. Then,
after lunch at the Station Hotel, they will visit the Min-
ster, where most of the afternoon will be spent. By the
invitation of the Lord Mayor, they will afterwards be
entertained to tea at the Guildhall before leaving for the
station.

For all the half-day excursions a uniform charge will

be made, and similarly for Thursday's excursions there
will also be a uniform charge. Visitors applying for ex-

cursions will be required to hand in this fee, together with
the application form ; and tickets, as nearly as possible
in accordance with their preferences, will be allotted to

them. By making all the excursions of equal cost, it is

•expected that the work of allotment will be simplified.

The next article will deal with the mayoral and civic

functions that have been arranged, and some account will

^be given of the large garden-party which the municipality
will hold on Monday, September lo, and of the various
.private garden-parties to be given on September 12.

Ramsden Bacchus.

NOTES.

We regret to announce the death of Dr. John Anderson,

F.R.S., the distinguished zoologist.

Dr. D. Morris, C.M.G., the Imperial Commissioner of

Agriculture for the West Indies, has just arrived in this

-country.

Prof. G. Carey Foster, F.R.S., has been appointed Prin-

cipal of University College. Prof. Foster is a Fellow of the

•College, and was formerly professor of Experimental Physics

and Quain Professor of Physics ; he is also a Fellow of the

University of London, in which University he acted as ex-

aminer previous to his election to the Senate.

The International Geological Congress is now in session at

Paris. Among the items included in the programme are dis-

cussions on international co-operation in geology, fundamental

researches for the establishment of a definitive classification,

scheme for an international lexicon of petrology, and the

.photography of types of fossil species.

Reuter reports that Major Gibbons, the African traveller,

reached Omdurman on August 20. The line of route traversed

by the expedition represents a distance of 13,000 miles. Among
the objects attained were the mapping of Barotseland ; the

accomplishment of the first steam navigation of the Middle
Zambesi; and the tracing of the whole course of the river, the

-discovery of its source, and the determination of its watershed.

Thence the route of the expedition was eastward, and by way of

the Great Lakes and the Nile.

The annual meeting of the English Arboricultural Society
was held at Manchester last week. Prof. Somerville was ap-

.pointed president for the ensuing year. Reports were read from
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the judges upon essays on " Foreign versus Native Timber,"
"Agricultural and Woodland Drainage," and "Thinning."
The silver medal for the first essay was awarded to Mr. George
Cadell, late of the Indian Forest Department, and bronze medals
for the other essays were given to Mr. D. A. Glen, of Kirby,
near Liverpool, and Mr. A. Dean, of Egham.

The third annual report of the Council of the Rontgen
Society shows that the society is making satisfactory progress.

The demonstrations at the meetings are very valuable to all

workers with Rontgen rays, and the papers and abstracts pub-
lished in the Archives enable members who are unable to attend

the meetings to keep well in touch with the latest developments
of radiographic work. Dr. J. B. Macintyre, one of the earliest

and most prominent investigators with Rontgen rays, has con-

sented to be nominated as the next president of the society.

Sir William Stokes, the eminent surgeon, died suddenly

at Pietermaritzburg on Saturday. He filled the post of President

of the Royal College of Surgeons of Ireland in 1896 ; and among
his other appointments was the professorship of surgery in the

Royal College of Surgeons in 1872, senior surgeon of the

Government Hospital of Ireland in 1868, president of the Patho-

logical Society of Ireland, and Surgeon in Ordinary to the Queen
in Ireland from 1892. He was the author of a number of

addresses, and contributions to the medical press, on clinical and
operative surgery.

A Reuter telegram from St. Petersburg states that news
has been received there from Dr. Sven Hedin, showing that

his expedition this spring to Lob Nor to settle the various

questions in dispute regarding that lake and its surroundings

has resulted in discoveries exceeding his expectations. He
found, in fact, that the lake known to previous explorers no

longer exists, having dried up, leaving its bottom strewn with

shells and marine growths. Around this old basin, however,

a regular system of new lakes has been formed, which Dr.

Sven Hedin has explored and mapped. In connection with

this announcement, it is worth remark that at the time of the

visit of Prince Henry of Orleans to Lob Nor, towards the

end of 1889, the lake consisted of a number of interlacing

lakes and river-arms, the contraction of the former large

water-area being probably due to the using up of the waters

of the Tarim for irrigation by the increasing population of the

river basin.

The Scientific American announces that the U.S. Congress

has granted funds for the inauguration of agricultural experiment

stations in the islands of Hawaii and Porto Rico. Prof. S. A.

Knapp has been selected to investigate the agricultural condi-

tions and possibilities of Porto Rico. He went to the island in

June, and will study the lines of experimental investigation

which should be undertaken there, places suitable for stations,

and the approximate expense of inaugurating and maintaining

the work. Dr. W. C. Stubbs will make a preliminary survey

of the conditions in the Hawaiian Islands. He sailed for

Hawaii about the middle of July, and will spend the month of

August in the islands. The conditions there are somewhat

diff"erent from those of Porto Rico, as a station for experiments

in sugar production has been maintained by private beneficence

for a number of years.

The Berlin Academy of Science has (says Science) made the

following grants for scientific work : Prof. Adolf Schmidt, of

Gotha, for the collating and publication of material on terrestrial

magnetism, 750 marks ; Dr. Leonhard Schultze, of Jena, for

investigations on the heart of invertebrates, 2000 marks ; Prof.

Emil Ballowitz, of Greifswald, for investigations on the structure

of the organs of smell of vertebrates, 800 marks ; Dr. Theodore

Boveri, of Wurzburg, for experiments in cytology, 500 marks

;
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Prof. Maxima Braun, of Konigsberg, for studies on the Trema-

todea, 970 marks ; Dr. Paul Kuckuck, of Heligoland, for in-

vestigations on the development of Phreosporere, 400 marks ;

Dr. Wilhelm Solomon, of Heidelberg, for his geological and

mineralogical investigations in the Adamello mountains, looo

marks ; Prof. Alexander Tornquist, of Strassburg, for the publi-

cation of his work on the mountains of Vicenza, 1 100 marks ;

Prof, .\lfred Voltzkow, of Strassburg, for the drawings of his

work on the development of the crocodile, 1000 marks : Prof.

Johannes Walther, of Jena, for the publication of his work on

deserts, 1000 marks.

We learn from the Daily Graphic that the Norwegian

Government has built and fitted out a steam vessel for the

express purpose of marine scientific research, and has placed

her, as well as a trained staff of assistants, in charge of Dr. J.

Hjort as leader of the Norwegian Fishery and Marine Investi-

gations. The vessel herself, the Michael Sars, has been con-

structed in Norway on the lines of an English steam trawler

—

that type of boat being regarded as the most seaworthy and

suitable for such an expedition—but considerably larger, being

132 feet in length, 23 feet beam, and fitted with triple expansion

engines of 300 horse-power. The fishing gear includes, inter

alia, trawls, nets, and lines of all kinds, with massive steel

hawsers and powerful steam winches to work the heavy appa-

ratus, while the numerous scientific instruments are of the very

best and latest description. The expedition left Christiania in

the middle of July, on what may be termed its trial trip along

the Norwegian coast (accompanied for part of the time by Dr.

Nansen, who was desirous of testing various instruments in

which he had made improvements), and has just sailed from

Tromso on a lengthy cruise to the North Atlantic and Arctic

Oceans. Dr. Hjort has already added so much to the know-

ledge of pelagic fishes, their life, habits, and the causes affecting

their migrations, that, with the means now at his disposal, a

considerable amount of valuable information will probably be

gained which will prov« of service to the fishing industry of all

nations.

Messrs. Jochelson and Bogoras, of the Jesup North

Pacific Expedition of the American Museum, recently started

for the north-eastern part of Asia, by way of San Francisco and

Vladivostok, to continue the work of the expedition in Siberia.

A few particulars of the investigations undertaken are given in

the American Mitseuni Journal. The region to be visited is

situated north-east of the Amur River. The explorers will study

the relations of the native tribes of that area to the inhabitants

of the extreme north-western part of America, and also to the

Asiatic races visited by Dr. Laufer, under the auspices of the

Museum, and to those living farther west. It is expected that

in this manner they will succeed in clearing up much of the

racial history of these peoples, and it is hoped that the question

as to the relations between the aborigines of America and

Asia will be definitely settled. Thus the work proposed is

part of the general plan of the Jesup North Pacific Expedition,

which was organised for the investigation of the relations be-

tween the tribes of Asia and America. It is fortunate that this

inquiry has been taken up at the present time, since the gold

discoveries along the coast of Bering Sea are rapidly changing

the conditions of native life ; so that within a few years their

primitive customs, and perhaps the tribes themselves, will be

extinct. It is expected that the journey, which will extend

over a period of two years, will result in a series of most in-

teresting additions to the collections of the Museum, and in an

important advancement of our knowledge of the peoples of the

world.

It has already been noted (vol. 61, p. 451) that Prof. A.

Heilprin has brought forward evidence which throws doubt
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upon the permanence of the waters of Lake Nicaragua, the-

fountain head of the San Juan River. His conclusions have

been criticised, but he gives further reasons for them in the

Bulletin of the Geographical Society of Philadelphia (July), and'

shows that this new factor will have to be taken into con-

sideration in connection with the proposed Nicaragua Canal.

The full conclusions now drawn by Prof. Heilprin from data

furnished by the Nicaragua Canal Commission of 1897-99, and'

the special reports of the chief engineer and hydrographer

appended thereto, are:—(i) Lake Nicaragua has undergone

marked shrinkage during the period of the last twenty- five to

fifty ye )rs. (2) The shrinkage is a progressive one, and there

are no known conditions by which the loss incurred can be

made good. (3) The assumption is well founded that the earlier

measurements of the altitude of the lake surface, made by

Galisteo and Baily, indicating an abasement of the waters by

20 to 30 feet, were accurate. The relations of these conditions

to canal construction become immediately apparent, and it may

well be agreed that a region subject to the changes which have

been indicated " would offer serious obstacles to the construction-

of a canal of the magnitude of the one proposed or to its

permanency after construction."

Mr. W. N. Shaw, F.R.S., informs us that Mr. W. Kennedy,,

the observer for the Meteorol'ogical Office at Roche's Pointy

CO. Cork, notes that at 9.15 p.m. (G.M.T.) on August 13 a

very large meteor shot into view eastward, going E.S.E. At

about an altitude of 70° it exploded with a brilliant flash, andl

a noise was heard like that of a rocket fired off at some dis-

tance. The meteor left a long luminous track visible for some

seconds after the explosion. The trail would have been very

brilliant but that the eastern sky was lit up by the nK>on at the:

same time.

In the afternoon of Friday, August 17, some parts of the south-

of London were visited by one of the sharpest thunderstorms

that have occurred for some time. The weather was very close,

the thermometer reaching 82'', and the distribution of barometrie

pressure was of a complex character. During the storm, which

lasted about an hour, and was accompanied by a heavy hail

squall, the amount of rainfall at the central part, near Heme
Hill, was I 2 inch. In some parts of the suburbs the roads

were completely flooded, while in others comparatively little

rain fell. At Westminster there was none, at Brixton 0*4 inch,

and at Greenwich only five-hundredths of an inch. During the

same afternoon a severe thunderstorm also occurred at Ilford,

Essex.

A DISCUSSION of the thunderstorm observations recorded in

1897 at ten selected stations in India, by Mr. W. L. Dallas, is

contained in Part ix. vol. vi. of the Indian Meteorological

Memoirs. The results for the year have been divided into five-

day periods. The storm-frequency varies considerably in

different parts, but, generally speaking, the number of storms is

unimportant during February and the early part of March ; but

after the middle of March the thunderstorm season commences,

and continues until the middle of October, the maxima occurring

towards the end of May and September. After October 23 no

storms are reported. Storms are much more frequent in the

afternoon than in the morning, and when a storm occurs in the

forenoon it is followed, almost without exception, by another in

the afternoon. There is a belief that the damage done by light-

ning in the tropics is slight compared with that done in tem-

perate zones, and the fact that at ten observatories in the year

in question only four instances of damage being recorded gives

support to this belief.

Prof. Cancani remarks in a recent paper (Ital. Soc. Sismol.

Bolt., vi. pp. 37-42) that seismology stands almost alone among,

the sciences of observation and experiment in that so far no-
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pattern instrument and no comparable apparatus have been intro-

duced. He admits that the Seismological Committee of the

British Association have taken a step in the right direction, but

considers that the instrument used by them possesses several

defects which prevent its general adoption. The conditions

which should be satisfied by the type apparatus, he describes as

follows : It must be astatic or possess a stationary mass, and

must be equally capable of recording the very small and rapid

preliminary vibrations and the subsequent undulations of long

period ; it must have the sanction of experience, the cost of

erection and maintenance must be small, and the construction

so simple that it does not easily get out of order ; it must allow

the continuous inspection of the traces, and its sensibility must

lie within convenient limits.

About two years ago Dr. Sambon brought forward evidence

that sunstroke was an infectious disease, and consequently due

to microbic influences. This view has not met with general

acceptance, and Mr. E. H. Freeland, who has had exceptional

opportunity of observing cases of sunstroke, both ashore and

afloat, shows in the Middlesex Hospital Journal (July) that

all the phenomena of this aff'ection can be explained on general

physiological principles without reference to germs at all. He
concludes his paper as follows :

—"Whether sunstroke be due

to external physical causes, or whether it be an infectious

disease and due primarily to a micro-organism which has yet to

be isolated, must be decided in the future. For the present it

seems to me that there is ample evidence for believing that

sunstroke is due primarily to thermic influences—the exposure

of the body to a hot moisture-laden atmosphere—and secondarily

to the circulation in the blood of certain toxic poisons, the re-

sult of perverted tissue metabolism ; and that, until more tangible

evidence is brought forward to prove that the aff"ection is due to

microbic influence, one may safely accept the older doctrine

with regard to its causation as a sound working hypothesis, if

nothing else."

Prof. F, E. Nipher, of Washington University, St. Louis,

Missouri, has sent some further particulars with reference to the

methods he uses to obtain a " zero " plate. His observations

upon photographic reversal have already been noticed in these

columns (pp. 62, 159), and he has pointed out the bearing of

his work upon eclipse photography (p. 246). The following

details of the operations he follows may enable other photo-

graphers to repeat his experiments. " The plate is placed

under a punched stencil in a printing frame. It is exposed at

/cm. from a 16 c.p. lamp. By a few trials one can find the

time-interval of exposure, so conditioned that nothing will

develop on the plate in a developer of fixed composition,

strength and temperature, and at a fixed distance from the

16 c.p. lamp. This is a standard developer. With a shorter

time of exposure than that giving the zero plate, a negative

will result, and with a longer time, a positive. A plate to be

used in taking any picture to be developed in the standard

developer (as a positive) is all exposed to the 16 c.p. light at a

distance / cm. for a time which experiment has shown will put
the film into the zero condition when developed in the standard

bath. It is then put into the plate-holder, and given a camera
exposure in the usual way, after which it is developed. It is not

important that the developing bath should be at any particular

distance from the lamp. The plate is to be pre-exposed so that a
zero plate will result in that particular bath, at any fixed

distance from the lamp. I usually make this distance about
eight inches."

According to Maxwell's electromagnetic theories, a moving
body charged electrically produces a magnetic field. In the

BiiUetin of the French Physical Society, M. V. Cremie.u
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gives a brief note on certain experiments destined to test the

actual existence of such a field, as well as the converse result

that a moving charge placed in a variable magnetic field

experiences a certain ponderomotive force. Having, at the

suggestion of M. Lippmann, conducted some experiments for

the purpose of investigating the latter effect, with ' negative

results, M. Cremieu now gives an account of certain investi-

gations made with a disc of 37 cm. in diameter, rotating at the

rate of 100 to 130 revolutions per second in the centre of an
annular coil connected with a highly sensitive galvanometer.

If the disc is suddenly charged, the convection current thus

produced should give rise to an induced current through the

galvanometer, and the magnitude of the convection current being

determined by the number of revolutions and the density of the

charge, the amount of the expected deflection of the galvano-

meter could be calculated. No deviation of the predicted magni-

tude was obtained, and the author concluded that a moving
charge does not produce a magnetic field. Such a conclusion

leads logically to the rejection of existing theories of the electric

current, and M. Cremieu proposes to conduct further experi-

ments with the object of throwing more light on this difficult

question. The author does not, in this note, say anything
about the effects of the self-induction of the rotating disc, and
further information on this point appears desirable in criticising

the results.

A FEW interesting details referring to the use of wireless

telegraphy in the French navy are given by a naval correspon-

dent of the Daily Graphic. It is stated that half-a-dozen ships

in the combined French squadron recently at Cherbourg were
fitted for wireless telegraphy, and the clicking, crackling, and
sparking of the big coils was heard on board all day. Messages
have been taken in and sent out at distances quite twice or three

times as great as anything achieved with the instruments in use

in the British ships. The French do not fit the wire to a gaff" as

in our ships ; it is suspended between the funnels to the triatic

stay, and is much less conspicuous. The manoeuvring of the

submarine boats, Morse and Narval, is described as marvellous ;

they are, it is stated, much ahead of the American Holland bosii,

which is considered to be a formidable weapon.

An interesting and detailed account of Count von Zeppelin's

successful trial trip of his navigable balloon on July 2 is given in

Die Uinschaii by an anonymous author, who has endeavoured to

dispel the somewhat exaggerated reports which have been

circulated as to the success or failure of the experiment. It is

pointed out that the delay in the ascent, which some persons

attributed to an accident, was really caused by the wind being

too strong at the tima originally proposed for the trip. The
wind-velocity at the time of starting was 5 5 metres per second,

and the balloon was actually driven forwards for a short distance

in the face of this wind. But after a short time the path deviated

till it made an angle of 30° with the wind-direction. This

deviation, the writer explains, was due to several causes. In

the first place the rope broke which supported the movable
mass necessary for the maintenance of longitudinal balance, and
to restore equilibrium it was necessary to stop or even reverse

one of the machines, so that the balloon could no longer be

driven full ahead. Moreover, the framework was found to have

undergone a little deformation, which gave the machine a slight

bias to one side, interfering with the steering. The wind causing

the balloon to drift towards the shore, a descent was made in

order that Count Zeppelin might land on the water (to use an
Irishism), and thus have his machine towed back by steamer.

The descent was very gradual, the cars gently sinking down to

the water without the sudden jerk which is commonly experienced

in an ordinary balloon. This result is attributed to the favour-
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able form of the balloon, a cylinder experiencing greater

resistance than a sphere. The performance of the motors and

screws is described as brilliant.

We have already referred to the great loss anthropology has

sustained in the death of Mr. Frank Hamilton Gushing on April

10. In the current number of the American Anthropologist are

memorial notices by various leading American anthropologists,

from which it is evident that a peculiarly gifted and winning

personality has passed away. Mr. Gushing had great manual
dexterity and an acute appreciation of how things were made,
and he had practised himself to do anything an American
Indian could accomplish, and with the same limited resources.

For five years he lived with the Zufii Indians, living their life

and familiarising himself with their ideas and modes of thought,

and he rose high in the social Pueblo life, taking part in their

councils and in their sacred ceremonies. An intense eagerness

to learn more and more of aboriginal thought and deed was the

mainspring of his life, and his kindly sympathetic nature and
keen intelligence and dexterity placed him in the front rank of

field investigators. We understand that Mr. Gushing left an
immense amount of MS. material, which it is to be hoped will

be fully published, for his published works by no means do
justice to the extent and value of his researches.

Our contemporary Science, for July 27, contains a summary
of the " Lacey Act," recently passed by Gongress for the pro-

tection of game and other birds in the United States, and for

the regulation of the importation of foreign birds and mammals.
The carrying out of this important Act has been confided by the

Secretary of the Department of Agriculture to the Division of

Biology, Dr. T. S. Palmer being the officer selected to supervise

its actual administration. Dr. Palmer has lost no time in making
known the principles of the new law, having already published

a Bulletin of the Department, entitled "Protection and Im-
portation of Birds, under Act of Gongress, approved May 25,
1900." As regards the importation of wild animals and birds,

an absolute veto is placed on certain injurious species ; and im-

porters must in all cases obtain special permits from the Secre-

tary of Agriculture before a single individual can be landed.

These permits should be applied for in advance. No permits

are issued for shipping birds from one State to another, although

in certain States the Gommissioners of Fish and Game have

authority to allow the shipment of a limited number for breeding

purposes. No permits are necessary for domesticated birds, and
the same applies to natural history specimens for museums. In

the case of the larger ruminants special permits will be issued,

as heretofore, in the form prescribed for domesticated mammals.
The prohibited species include the European house-sparrow, the

starling, fruit-bats or flying foxes, and the mongoose, or ichneu-

mon. Special inspectors are appointed to carry out the law,

and to give advice in cases of difficulty. The attention of all

concerned is drawn to those sections which make it unlawful

to ship from one State to another animals or birds taken in

contravention of local laws, and which require all packages
containing live birds and animals to be clearly marked with

the name and address of the shipper, and with the nature of

their contents.

Whether or no the inferior animals have souls, forms the

subject of an article by Herr S. von Uexkiill in the Biol.

Centralblatt of August i.

•
In Part 3 of vol. xxviii. of the Morphologisches Jahrbuch, Dr.

B. Haller publishes his third memoir on the vertebrate brain,
treating specially of that of the mouse, but adding some ob-
servations in regard to Echidna. The second article in the same
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number is by Dr. Fiirbringer, and treats of the systematic position

:
of the Myxinoids. The author is of opinion that vertebrates

should be subdivided as follows :

—

I. Acrania (Amphioxina).
II. Graniota :

(1) Distoma (Myxinoides).

(2) Cyclostomi ^Petromyzontes).

(3) Gnathostoma :

(a) Anamia (Pieces, Dipneusta, Amphibia).
\b) Amniota (Reptilia et Aves, Mammalia).

We have received the Report of the Manchester Museum for

1 899- 1 900. From this we learn that the Museum has been en-

riched during the period in question with two collections of

first-class importance, one of these being Mr. G. H. Schill's

cabinet of Lepidoptera, and the other the Layard collection of

weapons and implements.

In the concluding part of his " Ornithological Notes," pub-

lished in the July issue of the Victorian Naturalist, Mr. Robert

Hall, of Melbourne, discusses the question whether a tree-

building diamond-bird (Pardalotes) is the foster-parent of a

cuckoo. In the case referred to the young cuckoo was actually

seen to be fed by the diamond-bird, one of whose own young

was brought up with it. The incident is at present quite unique.

The Library of the Patent Office is an institution known and

appreciated by many students of science, both pure and applied.

A series of classified catalogues of the contents of the Library

has just been started by the publication of a " Subject List of

Works on Photography and the Allied Arts and Sciences."

Each volume of the series will contain (i) a general alphaliet of

subject headings, with descriptive entries, in chronological

order, of the works arranged under these headings ; (2) a key

or a summary of these headings shown in class order. The pre-

sent list comprises 557 works (73 serials, 484 text-books, &c.)

wholly or in part photographic—representing \}po volumes.

The catalogue is really a valuable little bibliography of photo-

graphy as well as a guide to the contents of the Library.

The additions to the Zoological Society's Gardens during the

past week include a Green Monkey {Cercopithecus callitrichus),

a Monkey (^Cercopithecus, sp. inc.) from West Africa, pre-

sented by Mr. L. J. Sparrow ; a Mozambique Monkey (^Cerco-

pithecus pygerythrus) from East Africa, presented by Mr.

G. Mackay ; three Pheasants (Phasianus colchicus), British ; a

Gommon Peafowl (Pavo cristatus, S } from India, presented by
Gaptain G. H. Arnot ; a Long-legged Buzzard (Buteo ferox),

a Black Y>\\.&{Milvus tnigrans), two Lesser Kestrels

(

Tinnunculus
cenchris), European, two American Kestrels

( Tinnunculus
sparverius) from America, presented by Mr. J. Simonds ; a

Bengal Weaver Bird (Ploceus bengalensis), a Manyar Weaver
Bird (Ploceus manyar), four Black- throated Weaver Bird

(Ploceus atrigula), an Indian Roller [Coracias indica) from
India, presented by Mr. E. W. Harper ; a Spiny-tailed Iguana

(Ctenosaura acanthiira) from Gentral America, presented by
Mr. G. Hagenbeck ; a Gommon Lizard (Lacerta vwipara),

British, presented by Mr. Stanley S. Flower; a Military Macaw
(Ara militaris) from South America, a Roseate Gockatoo
(Cacatua roseicapilla), six Blue Lizards (C^rr^/w/Mj coeruleus)

from Australia, three Blue-tongued Lizards (Tiliqua scincoides)

from Western North America, a White collared Kingfi.sher

{Halcyon chloris) from India, a Saddle-backed Tortoise (7V.f/»/a'<7

ephippiuni), three Albemarle Tortoises
( Testudo vicina), two

Thin-shelled Tortoises
( Testudo microphyes) from the Galapagos

Islands, deposited; an Argali Sheep (Ovis amnion, <i) from
the Altai Mountains, two Black Storks (Ciconia nigra),

European ; a Ring-necked Pheasant (Fhasianus tori/uatus) horn
Ghina, purchased; four Indian Grows (Corvus splendens), a
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Little Cormorant {Phalacrocorax javanicus), a Green-winged

Dove {Chakophaps indica) from India, received in exchange ; a

Japanese Deer {Cervits sika), five Rosy-billed Ducks {Metopiana

peposaca), bred in the Gardens.

OUR ASTRONOMICAL COLUMN
Velocities of Meteors.—At the second annual meeting of

the Astronomical and Astrophysical Society of America, recently

held at Columbia University, New York, Dr. W. L. Elkin
described the apparatus and results of photographs obtained at

the Yale Observatory for the determination of the velocity of

meteors (Science, vol. xii. pp. 125-6). The idea of using photo-
graphy for this purpose appears to have been first suggested by

J. H. Lane in i860, but it was not until 1885 that Zenker made
the next practical attempt in Berlin, and attention has again

been recently called to the matter by Prof Fitzgerald. The
Yale apparatus consists of a bicycle wheel fitted with twelve
radial opaque screens, fixed so that, while rotating, the screens

are brought intermittently in front of the cameras. The wheel
as at present worked makes about 50-60 revolutions per minute,
but it would be better to increase this speed in future apparatus. A
check on the velocity is afforded by records made each revolution

on a chronograph. The length of interruption of the meteor
trail and the consequent velocity are then determinable if a
second observation of the meteor from a distant station has been
obtained. In November and December 1899, five such duplicate
trails were secured. The apparent velocities of the.se are given
as50'4, 12-2, 50'3, 20'2, 36-5 kilometres per sec; their altitudes

varying from 45 to 100 kilometres. Correcting the apparent
velocities for the attraction of the earth and the diurnal rotation

by Schiaparelli's formula;, the true velocities with respect to

the sun are 34 '4, 32 'o, 32-4, 39"8, 34'o kilometres per sec.

Comparing these velocities with those calculated on assumption
of parabolic or elliptic orbits, the real velocities are in all cases

smaller, indicating that the atmospheric retardation has amounted
to 8-15 kilometres per sec. The elements deduced for one
meteor, an Andromedid, agree remarkably closely with those of

Biela's comet, showing the method to be capable of considerable

accuracy.

Standards for Faint Stellar Magnitudes.— Prof
E. C. Pickering announced at the above-mentioned conference
that a grant of 500 dollars had been made from the Romford
Fund for the purpose of carrying out an investigation on the
brightness of faint stars by the co-operation of several observ-
atories possessing large telescopes. The point immediately
desirable is the accurate measurement of a few stars which shall

serve as standards for future work on a larger scale. Five
photometers have been constructed, each having a photographic
wedge which may be interposed between the eye and the star

as seen by the telescope. Thirty-six regions have been care-

fully selected in different parts of the sky, and twenty stars

(five of each of magnitudes 12, 15. 16, 17) are to be chosen in

each region, the faintest to be selected and measured with the
Lick and Yerkes telescopes. The stars of the i6th magnitude
will be measured with the 26-inch of the University of Virginia,

and perhaps also with the 23-inch Princeton refractor ; those
of the 15th magnitude will be measured by the 15-inch Harvard
telescope. All of these are to be then compared with stars of
the I2th magnitude, whose absohite magnitudes will finally be
determined with the 12-inch Harvard meridian photometer.
After the work is properly got in hand, it is hoped that it may
be reduced to a simple routine without sacrificing the quality
of the results.

The Total Solar Eclipse, May 28, 1900.—As more
detailed reports of the results obtained by the American ob-
servers during the recent total eclipse come vo hand, it is interest-

ing to note the increased use which has been made of large
diffraction gratings, both concave and plane. In Science (vol.

xii. pp. 174-184), Mr. L. E. Jewell describes the work at Pine-
hurst, N.C., and Griffin, Georgia, of the two parties organised
by the physical department of the Johns Hopkins University.

At each station there were installed two spectro.scopes, one having
a plane diffraction grating, surface 3x5 inches, 15,006 lines to

the inch, used in conjunction with a quartz lens to photograph
the spectrum of the first order ; the other having a concave
grating of 10 feet radius and 15,000 lines to the inch, mounted
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in the usual Rowland form, with a large quartz lens to throw
an image of the sun on the slit-plate from a heliostat. The
photographs were very successful, and show the spectrum from
wave-lengths 3000 to 6000, even the exposures of only one
second giving good negatives.

In the same number of Science Profs. E. B. Frost and E. E.
Barnard describe the apparatus they successfully used during
the same eclipse at Wadesboro, N.C.

Report of the Cape Observatory.— In his report for

the year 1899 Sir David Gill, Her Majesty's Astronomer at the
Cape of Good Hope Observatory, makes special mention of the
completion of the new record room, providing storage for manu-
scripts, the safe preservation and orderly arrangement of the
precious astrographic plates, and also serving as the place where
the measurements of these plates are undertaken.
The pier and foundations for the new transit circle are com-

pleted, but the delay in obtaining the sheet steel dome has kept
the work at a standstill. The observations with the transit

instrument have been mainly those of the standard stars for the
reduction of the Catalogue Astrographic plates.. When the new
transit circle arrives it will be entirely devoted to the systematic
meridian observations of the sun. Mercury, Venus and funda-
mental stars. With the heliometer, observations of all the
oppositions of major planets have been continued.

The 24-inch object glass of the McClean equatorial was
returned to Sir Howard (irubb for refiguring, and this instru-

ment has hitherto only been used with a slit spectroscope for

stellar spectra. Since the photographic objective was dis-

mounted the 18-inch visual lens has been used for measurements
of twenty-one close double stars. The 7-inch equatorial has
been used in the revision of the Cape Photographic Durch-
musterung, in the observation of suspected variable stars, and ii>

the detection of double stars.

The 6-inch instrument with a Zollner photometer has been
used for determining the visual magnitudes of stars in selected

areas of different galactic latitudes, the photographic magnitudes
of which are already determined. A comparison between the
visual and photographic magnitudes will subsequently be made.
With the astrographic equatorial 152 chart plates and 184 revision

cata/o^ue p]&tes have been passed. 103 plates, containing 38,785
stars, have been measured during the year, all observations
showing an error of o"-6 being repeated.

Seventy-eight photographs ollris were taken during the period

July ii-December 31, with six exposures on each plate. In
conjunction with meridian observations of comparison stars, it is

intended to use the results of the measurements of these plates

for determining the mass of the moon.
The geodetic survey of South Africa and Rhodesia has been

considerably advanced, but was interrupted by the outbreak of

the Transvaal war. The Anglo-German boundary survey has
been hindered by the waterless character of the Kalihari Desert,
but the work is now completed as far as Arahoab, from which an
offset chain will be carried to the 20th meridian.

RousDON Observatory (Devon).— Sir C. E. Peek sends
a pamphlet of sixteen pages containing the sixth contribution of

systematic observations of variable stars made at his observatory
at Rousdon, Lyme Regis, Devonshire. The present report

furnishes the details of the variability of T Cassiopeins for the ten

years 1889- 1898, and of R Cassiopeise for the twelve years

1887-1898. The light curves of both stars are also plotted at

the end of the pamphlet.

Independent Day Numbers for 1902.—A small pamphlet
has been issued from the Cape Observatory giving the indepen-
dent day numbers for correcting the places of stars given in the
Nautical Almanac for 1902. The values of the constants of

precession, aberration and nutation employed in these tables are

those recommended by the Paris International Conference of

1896.

THE AUGUST PERSEIDS OF 1900.

QBSERVATIONS of this well-known annual display were
^^^ much hindered by moonlight, though the weather was
generally clear at about the time of the maximum. Oilt

satellite was full on the evening of August 10, and obscured
all the smaller meteors. Apart, however, from this inter-

ference, the shower of 1900 seems to have been a somewhat
scanty one. It furnished a considerable number of large
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meteors it is true, and of these it is hoped the real paths may be
computed ; but on the nights of August lo and 1 1 observers

were somewhat disappointed with the character of their results.

The effect of the full moon's influence in practically obliterating

a meteoric shower may not, however, have been given sufficient

weight. The best night appears to have been August 12, when
shooting stars were tolerably frequent considering the circum-

stances.

But if moonlight presented an obstacle to success in the

second week of August, there was no such impediment early in

the month and during the last fortnight of July. The earlier

stages of the shower were therefore well observed. In fact, it

is questionable whether the Perseids have ever been more suc-

cessfully observed in the month of July. Among those who
participated in the observations were Prof. A. S. Herschel,

Messrs. J. R. Bridger, W. E. Besley, A. King, and many
others. At Cambridge a large number of meteors were re-

corded. The results show that the first Perseids were noticed

on about July 16, and gradually increased in numbers until the

date of maximum. The radiant showed the usual E.N.E.
motion in a most decided manner.
At Bristol, between July 15-30, in 17J hours of observation,

177 meteors were seen, including about 24 Aquarids (radiant

338"- 10') and 20 Perseids. But the only night on which a

sufficient number of Perseids were registered to indicate a good
radiant was July 30, when the position was at 3i°-f 54° from 10

paths. Several of the most prominent of the minor showers of the

epoch were observed, and their radiants accurately determined as

follows :

—

24' + 43°. 7 meteors
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released easily. The current was from o-oo20

to 00027 ampere.

30 volts. The fingers, hands, wrists, the forearms and upper
arms nearly paralysed ; the fingers or hand
could scarcely be moved ; serious pains in the

fingers, hands and arms, and the experiment
not endurable for more than lO seconds. The
wires could, however, be released, but only by
using the greatest determination. Current,

0"0I5 ampere.

40 volts. The fingers, hands and arms were instantaneously

paralysed, and the pain was almost unbearable.

The wires could hardly in any case be released.

The pain could not be endured longer than 5
seconds.

50 volts. Again instantaneous paralysis of all the muscles of

the fingers, hands and arms ; the wires could

not be released ; the state endurable for 2

seconds at most, whence it was impossible to

measure the current.

Having obtained the above results, the experimenter did not

find it advisable to let the pressure exceed the 50 volts ; the

fact that when the hands were wet, it was impossible on 50
volts pressure to release the wires, seemed to prove to him that

serious danger was just beginning at this point.

With dry hands he formed the following results :

—

P.D.. Effect.

40 volts. The fingers only tingle slightly ; the current too

feeble for measurement.
The effects gradually increasing and extending to

the arms up to the shoulders, until at

80 volts. The fingers, hands and arms were almost cramped
and aching in every part ; great effort was
required to release the wires ; current from
0009 to o'oii ampere.

90 volts. At the same moment in which the wire is seized,

the hands are absolutely paralysed and the wire

cannot be released again. The pains in the

hands and arms were so violent that they caused

the experimenter to call out involuntarily ; the

effects could not be endured for more than 1-2

seconds.

The experimenter now went back to 80 volts,

and the difference was so great that the effects

of this pressure seemed to be extremely feeble

relatively to the effects at 90 volts pressure ;

this fact prevented him from trying the effects of

pressure higher still

From these experiments Prof. Weber draws the following

conclusions :

—

" A simultaneous touching of both of the poles of an alter-

nating current circuit is dangerous as soon as the pressure

exceeds 100 volts ; and since it is impossible to set one's self free,

the case must be regarded as fatal whenever immediate help is

not at hand."
These results are consistent with several disasters which have

happened in practical life.

In 1896, in Horgen (Switzerland), a man, to prevent his falling

down from a ladder, seized with both his hands two non-

insulated leads with a P.D. of 240 volts between them, and was
immediately killed.

In a mine in Silesia a workman seized in the same manner
some non-insulated leads and was killed on account of his being
unable to release them, the P.D. being 300 volts.

In the Electric Central Station in Olten a workman, desirous

of proving to his companions that a pressure of 500 volts was
quite safe, seized both of the leads and was killed instantly.

From this it is obvious that the general opinion of a pressure

of 500 volts not being dangerous does not hold good, the limit

being much lower. In spite of the great number of disasters

which have already happened, the danger does not seem to have
been generally appreciated, and workmen and erectors are often

seen to deal with leads and apparatus of relatively high pressures

in the most careless manner. That disasters have not taken
place far more often may be due to the fact that in most cases

help has been at hand instantly.

Entirely differing from these are the results of the other series

of experiments (<5). In this case the person is supposed to

fitand at one of the poles itself, namely, the earth, from which
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he is, however, rather well in.'ulated by means of his shoes;
and, as it will be evident from the results, the danger is in thi»

case very small even at high pressures.

The arrangement used for this series of experiments consisted
of twenty glow-lamp.s,each for 100 volts pressure, connected in

series and all well insulated, the total alternating pressure
between the first and the last lamp being 2000 volts. The free

terminal of the first lamp was earthed, and between every two
consecutive lamps a 6 mm. copper wire was soldered to the
main connecting the lamps. Between the earth and the first,

second, third to the twentieth of the 6 mm. wires, the pressure
was consequently 100, 200, 300, . . . 2000 volts.

Standing on the ground. Prof. Weber touched the different

wires— firstly, merely by a slight touch ; secondly, by firmly
gripping them in his hand. The experiments were made under
two conditions, the experimenter standing firstly on moist gravel
soil, and afterwards on clay covered by a thin layer of coal-

dust.

Standing on moist gravel soil, he obtained the following
results :

—

P. D. Eflfect when the wire was
Slightly touched. Firmly gripped.

800 volts. Feeble stinging of the No effect,

skin.

Gradually increasing until at

2000 volts. Violent stinging of the Intense trembling of the

skin. fingers.

Standing on clay covered with coal-dust, he obtained the
following results :

—

P. D. Effect when the wire was
Slightly touched. Firmly gripped.

200 volts. Scarcely sensible sting- No effect whatever,
ing of the skin.

fThe fingers begin to tingle

feebly.
'

!- uraduaiiy mcreasmg. ^ Intense trembling of the
'

I fingers, hands, arms and
^ ankle-joints.

1000 „ Stinging like burning The effects in the fingers,

by a flame. hands, arms and feet not

endurable longer than

I to 2 seconds ; difficulty

in releasing the wire.

1300 ,, Same effect. ' The fingers, hands, and
the arms are entirely

paralysed, and the wire

cannot be released.

From the last series of experiments it will be obvious that

to touch one of the poles is not dangerous as long as the

pressure does not exceed about 1000 volts ; the intense stinging

which appears at the first slight touching serves as a protection

against the danger, for the hand is instinctively drawn back
rapidly.

The main result of these experiments is, then, that all pres-

sures between 100 and 1000 volts must be regarded as equally

dangerous, and consequently there is no reason for not using the

higher pressures between 500 and 1000 volts, especially as they

lead to greater economy in the working of the electric railway.

Further, there is only a very little chance of the passengers or

other persons coming into contact with both of the leads. To
this danger the employes only are exposed, and being generally

people with some electric training, they are acquainted with the

danger and may be supposed to be sufficiently careful.

Finally, it is to be remarked that the authorities after these

investigations allowed the use of a working pressure of 75*^

volts as originally proposed.

500
700

SEA COAST DESTRUCTION AND LITTORAL
DRIFT.

"T^HE increasing number of seaside resorts that are coii-

* stantly being established all round the coast of this

country, and the necessity of protecting the sea front from the

devastation of the waves, has led recently to greater interest

being shown in the protection of the shores and cliffs.

The means taken to preserve our coasts are as diverse as

many of them are ineffectual ; and in many cases are designed

without any proper consideration being given to the way in

which the waves act, or to the physical conditions which have to

be dealt with in the management of the littoral drift ; while
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frequently the amenities of the beaches of seaside resorts, and
their use and enjoyment by visitors, are impaired by structures

as ugly as they are useless to attain the object in view, and in

other cases the construction of costly works is rapidly followed
by their destruction by the sea.

It is proposed as shortly as possible in this article to state the

coriditions that have led to the present state of the cliffs and
coast, and the conditions under which the material is drifted

along the shore. For the purpose of illustration, the coast-line

of the south-west of England between Start Point and the Solent
has been selected, as this presents features of unusual interest for

the study of coast destruction and the drift and accumulation of

beach material. The cliffs between these two points consist of a

series of rocks of varying degrees of hardness, showing in many
places almost vertical faces to the sea, and ranging in height up
to 500 or 600 feet. The destruction of these cliffs leads to the
deposit, on the beach at their base, of fragments of rock, or

inland gravels derived from their summits, which are converted
by wave action into shingle, consisting of pebbles of varying

character and size, but generally shaped into the form of flattened

ovoids, readily distinguishing them from the angular gravels due
to glacial drift, or the rounded pebbles rolled down inland rivers.

Originally, no doubt, these cliffs descended to the bed of the

English Channel with the same slopes as characterise their land

faces, and were washed by the deep water of the sea without

the intervention of the sand beaches which now stretch from
them, and which, where they exist, have an almost uniform
inclination along all parts of the coast.

The present form of these cliffs is due to the destructive

action of the waves, or to landslips and weathering from rain

and frost. The wearing away has not been regular. Head-
lands composed of hard rocks project out boldly to low-water
mark and beyond, while the softer rocks which formerly ad-

joined them have been gradually worn away, leaving indents of

various shapes and depths.

Some indication of the original position of the coast, and the

distance to which it extended beyond the present line, is afforded

by the remains of a raised beach, portions of which, consisting

of pebbles which have been subjected to marine action, are to

be found at Portland Bill on the east of Lyme Bay, at Hopes
Nose, near Torquay, at Brixham and in Start Bay on the west.

These beaches are at a much higher level than the present

water-line. The direction of this old beach was located by the

late Sir J. Prestwich as running in an unbroken line at ten miles

outside the present shore between the thirteen- and twenty-
fathom contour. There are also patches of gravel near the

nine-fathom contour extending all round the bay at about a mile
from the shore.

The coast-line has been broken up into three principal indents

between the two headlands, namely, Lyme Bay, Weymouth
Bay and Bournemouth Bay ; the contour of which again is split

up into numerous minor bays and coves, the greater number of

which have their own peculiar characteristics and contain their

own peculiar accumulations of shingle. Two of these shingle

banks, namely, the Chesil Bank in Lyme Bay, and that at

Hurstcastle at the entrance to the Solent, are, perhaps, the most
remarkable accumulations to be found anywhere round the coast

of Great Britain ; while at Axmouth is one of the most extensive

landslips of which there is any record. The fight between sea

and land is continuous and unceasing, with the result that the

area of this country is gradually being reduced.
The rivers which discharge into the sea along the south

coast are few and insignificant in character, and are utterly in-

capable of transporting from the land the large amount of stones
or sand now found on the coast. In some cases they have been
blocked up by the littoral drift. A careful consideration of all

the circumstances can therefore only lead to the conclusion that

some of the results which have been attained must be due to

other and mightier forces than those now in existence. These
forces may probably be ascribed to the .same agencies that gave
to this country the shape which it now assumes, and by which
the valleys and rivers were scooped out.

At the close of the last great Ice Age the melting of the vast

bed of snow which then covered this country must have led to

large torrents of water escaping seaward, which would carry with
them the debris from the rocks broken up by frost and ice, in

the shape of boulders, gravel and sand ; and besides leaving de-
posits in the valleys and those which are to be found on the
summit of the cliffs, would carry the degraded material to the
sea and form a talus at the level of the water. This deposit,
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after the wear and tear caused by the waves during long ages,

resulted in the present sand beaches.

It is certain that the enormous mass of sand which now covers

the littoral of the sea cannot have been deposited by existing

agencies. The degradation of the cliffs that takes place is quite

inadequate to account for its existence ; more especially as only

the harder rocks have afToided the material of which the sand is

composed, the softer detritus having been carried away in sus-

pension to the depths of the ocean. The sand of the seashore

consists almost entirely of grains of quartz of a nearly uniform size,

and even where flints abound in the sea cliffs and in the shingle

on the beach, this material is conspicuous by its absence in the
sand of the shore.

As pointed out in my letter in Nature of November 30 last,

only about one-third of the flints lying on the beaches along the
south coast, not only in the part dealt with but also on those

bordering on the chalk cliff's extending from Brighton to the
North Foreland, and in the large accumulations at the Chesil
Bank and Dungeness, are derived from the chalk, the colour of

the majority of the flints being different shades of brown, &rey,

white and red, the former being most prevalent, whereas nints

from the chalk are invariably black with a white exterior coating-

If the above assumption as to the deposit of land detritus on
the coast be correct, it affords a reasonable explanation of this

phenomenon.
Another proof that the large accumulations of shingle along

the coast are not due to agencies at present operating, is afforded

by the fact that the Chesil Bank and Hurst Bank, where the
supply of new material drifting along the coast is limited, have
not varied materially in shape or increased in size during the

time to which the most ancient records relating to them extend,

the fresh supply coming from the cliffs being only sufficient in

these cases to make up the wear and tear caused by the waves.

The supply afforded by the degradation of the cliff's is after

all limited in quantity, and only about equal to making good
the waste due to ihe constant wave action on the shingle. If

from any cause an abnormal accumulation takes place on any
particular part of the coast, denudation immediately sets in on
the coast beyond. Instances of this are afforded by the ex-

tension of the Point at Dungeness and the banking up of the

shingle on the west side, which has led to a diminished supply

all along the Dymchurch and Hythe coasts. The construction

of the Admiralty Pier at Dover has led to the denudation of the

coast to the northward along St. Margaret's Bay. The pier at

Shoreham Harbour for a time denuded the supply at Hove and
Brighton ; and it is found universally to be the case that where
the drift has been stopped by the debris from the fall of the

cliffs acting as a groyne extending out to low water, or where
artificial works have arrested the progress of the drift, the coast

beyond has suffered from denudation.

There is no continuous drift of shingle throughout the whole
length of this coast, but the material is confined to the various

bays and the banks where it has been accumulated. It has

been stated that the land gravel found along the foot of the

chalk cliffs at the east end of the English Channel may have

been derived from the waste of the gravel beds of the cliffs of

Dorset and Hampshire, and that pebbles found on the Chesil

Bank have been derived from the coast of Devon ; but an
examination of the coast shows that under present conditions, at

any rate, this is neither the case nor physically possible. For
this to have occurred the shingle must not only have passed the

numerous headlands which project into the water, but also the

approaches to Southampton and Portsmouth, in which the depth

of the channels is from five to ten fathoms.

Nearly every bay and cove along the coast here dealt with has

its own peculiar accumulation of shingle, which does not travel

beyond the projecting headland, and in many cases there are

long intervals along the shore where the rock is bare. Thus
the shingle in Slapton Bay is of a different character from that

found in any other part of the same coast. It consists almost

entirely of round white quartz pebbles, resembling peas in

shape, and averaging from an eighth to a quarter of an inch in

diameter. This shingle not only covers the beach, but has been

thrown up into a bank, the top of which is above the level of

high tides, and has drifted across a deep indent in the bay, into

which two fresh-water streams discharge, entirely closing this

from the sea and forming it into a fresh-water lake about two
miles long. The quartz pebbles of the Slapton beach do not

drift beyond the eastern horn of the bay, and are not to be

found in the next recess. All along the Devonshire coast
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the numerous bays and coves have beaches on which are

accumulated shinsjle derived from the limestone, slate, green-

stone, and other rocks which surmount them, while in others

there is an absence of shingle and only sand is found. In the bay

lying between the headland of the Exe and that at Otterton

Point, the beach at Budleigh Salterton is strewn with quartzite

boulders and pebbles derived from a large bed contained in the

cliffs' bordering this part of the bay. These pebbles are of

a pink colour, some having marks on them like blood spots.

No stones of a similar character are found in the next bay, the

drift being stopped by some rock ledges which project out from

Otterton Point and form a natural groyne. The shingle in front

of Seaton consists almost entirely of the chert and flint derived

from the rocks at Beer Head. Beyond this, for several miles

there is no continuous bank of shingle, but accumulations are

to be found in the bight of the bays, the pebbles being derived

almost entirely from the gravel beds in the cliffs. The shingle

on the east side of Bridport Harbour is of a different character

from that on the west shore, and resembles in size and shape

that at Slapton, but the colour of the pebbles is different,

these consisting of flint instead of quartz. This small shingle

continues all along the coast, and up to the commencement of

the Chesil Bank.
The drift of shingle along the shore only takes place above

the line of low water, and within the zone covered by the

horizontal range of the tide, and it does not accumulate below
the line of mean tide level, except where its progress is stopped

by encountering an obstruction, and when the quantity has

become so great as to extend out into deep water. When the

shingle encounters a river of any magnitude, it extends out in a

spit across the entrance to the estuary, causing the tides to be
diverted from their direct course, and to flow round the end ;

or else the channel becomes diverted from its course to the

leeward, and made to flow in a course parallel with the coast

for some considerable distance. Examples of this are found

along the coast here dealt with, in the Spits across the estuaries

of the Teign and the Exe, and that across Christc uirch Harbour,
and in the diversion of the streams at Seaton and (^harmouth.

The Chesil Bank, which commences near Abbotsbury and
extends in a south-easterly direction to the island of Portland,

a distance of lof miles, has in its course diverted several small

streams, which now flow in a channel running parallel with the

bank. The width of this great mound of shingle is about 500
feet, and its height varies from 32 to 53 feet, its top being from

23 to 43 feet above high tides.

Hurst Castle shingle bank extends out from the mainland at

the entrance to the Solent for i^ miles, terminating in a hook-
like formation on which stands Hurst Castle, erected in the

reign of Henry VHI. The bank slopes down across the Solent

for a distance of three miles, leaving only a deep narrow passage

between its foot and the Needles, in which is from 4 to 9 fathoms

of water. This shingle bank forms on its southern side a steep

submarine clifT from 20 to 70 feet in height, the face being very

steep and dropping almost suddenly from a dry bank to several

fathoms of water. So far as any record exists, this bank has not

increased or diminished in size or undergone any material altera-

tion since the castle was built. Eastward of the bank there is

no drift of shingle, the foreshore for several miles consisting of

a wide belt of alluvial deposit.

Another lesson this stretch of coast appears to teach is, that

the theory which has generally received acceptance, that the

prevailing direction in which the shingle is drifted along any
given coast is always in tVie same direction as that of the pre-

vailing wind, is not founded on fact. This theory may be said

to have been settled on the facts brought forward in a paper

read at the Institution of Civil Engineers in 1853 on the Chesil

Bink, and the discussion which followed.

A careful examination of the facts mentioned in that article

do not appear to warrant any such conclusion, but, on the

contrary, tends to disprove it. The local movement of shingle

along the south-west coast, and also along the other parts of the

seashore, are certainly not uniformly in accord with the direction

of the prevailing winds of this country. Approximately, the

wind in England blows for two-thirds of the year from the

south-west. On the east coast the general direction of the

drift is from north to south. On the south-west coast the

general direction is from west to east. From Beachy Head to

Dover it is north-east ; from Dover to the North Foreland,

northerly ; from the North Foreland to the mouth of the

Thames, westerly ; and north of the Thames south-west«rly.
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On the west coast, the drift is from south to north, up to the
middle of the Irish Channel ; and north of this, from south to

north ; and up the Bristol Channel from west to east. In all

these instances the movement is in the same direction as the
set of the flood-tide.

Although this is the general direction of the drift, there are

numerous instances where, owing to the varying set of the tides,

the drift moves in three or four different directions within very
short ranges. Taking the example of Lyme Bay and the Chesil
Bank, the locality where the prevailing wind theory was estab-

lished, the facts as given by the author of the paper were : That
the prevailing direction of the wind on this part of the coast varied

between S.S.W. and S.W.^W., which is practically at right

angles to the Chesil Bank. If then the drift is in the direction

of the prevailing wind, this should lead to a north-easterly

movement. The bulk of the materials of which the bank is

composed are stated in the paper to have come from the cliffs

to the west of the bank, and therefore must have travelled in

a south-easterly direction. At the east end of the bank
the shingle derived from the debris of Portland moves
in a northerly direction. On the other side of the island of

Portland, in Weymouth Bay, the shingle is moved in a south-

westerly direction ; therefore, within the space of five or six

miles, the drift is in three opposite directions, not one of which
is in the direction of the prevailing winds, but all of which are

in the direction at which the flood-tide strikes the shore.

Further, it is correctly stated that the effect of winds from the

south-west tends to pull down the bank, which is restored

again to its normal condition during calms and north-east winds.
Along all tidal coasts it will be found that the general direc-

tion of the drift is the same as that of the flood-tide, and that

the beach material in bays is moved in the same direction as

that in which the wavelets due to the flowing tide break on the

beach. It is not contended that shingle is not drifted by waves
due to wind. On the contrary, it is a well-known fact that

shingle is frequently drifted, first in one direction and then in the

opposite, during the occurrence of gales blowing from different

quarters obliquely on the shore, and that the beaches are alter-

nately heaped up with material at one place and denuded at

another. This process, however, is only occasional and inter-

mittent, and beyond it there is a regular and continuous drift in

one given direction, the main course along the coast being in the

same direction as the flood-tide, the building up of shingle

banks being most active during calms and off-shore winds.

After a long and careful investigation the writer has satisfied

himself that the building up of shingle banks and the regular

and continuous drift that takes place along the coast are due to

wave action caused by the flow and ebb of the tides. As the

great tidal wave moves along the deep water of the channels
surrounding the coast, its crest is in advance of the sides, which
encounter the friction of the shallower water. The swelling tide

therefore meets the shore at an angle oblique to its central

course. As the lateral flow of the swelling water comes in con-

tact with the shore it is checked and reflected back, causing a

series of small undulations or wavelets, which break at the margin
of the water.

Although these waves are small, varying in height, according

to the condition of the tide and the slope of the beach, from 6 to

24 inches, they are constant, and never cease during the time

that the beach is covered by the tide, the number of them vary-

ing from ten to twenty a minute. Allowing a mean of fifteen,

this gives a total of 3600 impulses during the period that each

tide is acting on the shore. These wavelets are never absent

from the shore, except when absorbed by larger waves due to

wind. As the wavelets break, the water attains a horizontal

movement, and aided by the flood current lifts up and carries

forward coarse sand and pebbles in a movement oblique to the

coast Ime, and so gives them a slow but continuous forward

movement.
The constant murmur that is heard on a shingle beach on days

when there is a total absence of wind, and when the sea is per-

fectly smooth and calm in the offing, attests the fact that the

pebbles on the face of a shingle beach are in constant movement.
These tidal wavelets are capable of moving and pushing up
the face of a shingle bank pebbles weighing from i or 2 ounces

up to 5 or 6 lbs. A calculation as to the mechanical power of

the water contained in an average sized wavelet shows that the

kinetic energy developed amounts to 165 foot lbs., which is

capable of lifting 9900 pebbles, each weighing 4 ounces, to a

height of I foot. W. H. Wheeler.
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RECENT STUDIES IN GRAVITATION.^

THE studies in gravitation which I am to describe to you this

evening will perhaps fall into better order if I rapidly run

over the well beaten track which leads to those studies, the

track first laid down by Newton, based on astronomical

observations, and only made firmer and broader by every later

observation.
- I may remind you, then, that ihe motion of the planets round

the sun in ellipses, each marking out the area of its orbit at a

constant rate, and each having a year proportional to the

square root of the cube of its mean distance from the sun,

implies that there is a force on each planet exactly proportional

to its mass, directed towards, and inversely as the square of its

distance from the sun. The lines of force radiate out from the

sun on all sides equally, and always grasp any matter with a

force proportional to its mass, whatever planet that matter

belongs to.

If we assume that action and reaction are equal and opposite,

then each planet acts on the sun with a force proportional to its

own mass ; and if, further, we suppose that these forces are

merely the sum totals of the forces due to every particle of

matter in the bodies acting, we are led straight to the law of

gravitation, that the force between two masses Mj M^ is always

proportional to the product of the masses divided by the square

of the distance r between them, or is equal to

G X M, X M,

and the constant multiplier G is the constant of gravitation.

Since the force is always proportional to the mass acted on,
^

and produces the same change of velocity whatever that mass

may be, the change of velocity tells us nothing about the mass

in which it takes place, but only about the mass which is pulling.

If, however, we compare the accelerations due to different

pulling bodies, as for instance that of the sun pulling the earth

with that of the earth pulling the moon, or if we compare

changes in motion due to the different planets pulling each

other, then we can compare their masses and weigh them, one

against another and each against the sun. But in this weighing

our standard weight is not the pound or kilogramme of terres-

trial weighings, but the mass of the sun.

For instance, from the fact that a body at the earth's surface,

4000 miles, on the average, from the mass of the earth, falls

with a velocity increasing by 32 ft. /sec.^ while the earth falls •

towards the sun, 92 million miles away, with a velocity increas-

ing by about | inch /sec. -, we can at once show that the mass

of the sun is 300,000 times that of the earth. In other words,

astronomical observation gives us only the acceleration, the

product of G X mass acting, but does not tell us the value of

G nor of the mass acting, in terms of our terrestrial standards.

To weigh the sun, the planets, or the earth, in pounds or

kilogrammes, or to find G, we must descend from the heavenly

bodies to earthly matter and either compare the pull of a

weighable mass on some body with the pull of the earth on it,

or else choose two weighable masses and find the pull between

them.
All this was clearly seen by Newton, and was set forth in his

" System of the World " (third edition, p. 41).

He saw that a mountain mass might be used, and weighed

against the earth by finding how much it deflected the plumb
line at its base. The density of the mountain could be found

from specimens of the rocks composing it, and the distance of

its parts from the plumb line by a survey. The deflection of the

vertical would then give the mass of the earth.

Ne.vton also considered the possiVjility of measuring the

attraction between two weighable masses, and calculated how
long it would take a sphere a foot in diameter, of the

earth's mean density, to draw another equal sphere, with their

surfaces separated by J-inch, through that J-inch. But he made
a very great mistake in his arithmetic, for while his result gave

about one month, the actual time would only be about

5i minutes. Had his value been right, gravitational experi-

ments would have l)een beyond the power of even Prof. Boys.

Some doubt has been thrown on Newton's authorship of this

mistake, but I confess that there is something not altogether

unpleasing even in the mistake of a Newton. His faulty

1 A discourse delivered at the Royal Institution of Great Britain on
Friday, February 23, by Prof. John H. Poynting, F.R.S.

arithmetic showed that there was one quality which he shared

with the rest of mankind.
Not long after Newton's death the mountain experiment was

actually tried, and in two ways. The honour of making these

first experiments on gravitation belongs to Bouguer, whose
splendid work in thus breaking new ground does not appear to

me to have received the credit due to it.

One of his plans consisted in measuring the deflection of the

plumb line due lo Chimborazo, one of the Andes peak.s, by
finding the distance of a star on the meridian from the zenith,

first at a station on the south side of the mountain, where the

vertical was deflected, and then at a station to the west, where
the mountain attraction was nearly inconsiderable, so that the

actual nearly coincided with the geographical vertical. The
difference in zenith distances gave the mountain deflection.

It is not surprising that, working in snowstorms at one station,

and in sandstorms at the other, Bouguer obtained a very in-

correct result. But at least he showed the possibility of such
work, and since his time many experiments have been carried

out on his lines under more favourable conditions. Now, how-
ever, I think it is generally recognised that the difficulty of

estimating the mass of a mountain from mere surface chips is

insurmountable, and it is admitted that the experiment should

be turned the other way about and regarded as an attempt to

measure the mass of the mountains from the density of the earth

known by other experiments.

These other experiments are on the line indicated by Newton
in his calculations of the attraction of two spheres. The first

was carried out by Cavendish.

In the apparatus (Fig. l) he used two lead balls, b b, each 2"

in diameter. These were hung at the end of a horizontal rod 6'

long, the torsion rod, and this was hung up by a long wire from

its middle point. Two large attracting spheres of lead, w w,
each 12" in diameter, were brought clo.se to the balls on opposite

sides so that their attractions on the balls con.spired to twist

the torsion rod round the same way, and the angle of twist was
measured. The force could be reckoned in terms of this angle

by setting the rod vibrating to and fro and finding the time of

vibration, and the force came out to less than 1/3000 of a grain.

Knowing M, Mg and r the distance between them and the force

G Ml y[.2lr-, of course Cavendish's result gives o, or knowing

the attraction of a big sphere on a ball, and knowing the

attraction of the earth on the same ball, that is, its weight, the

experiment gives the mass of the earth in terms of that of the

big sphere, and so its mean density. This experiment has often

been repeated, but I do not think it is too much to say that

no advance was made in exactness till we come to quite recent

work.

By far the most remarkable recent study in gravitation is Prof.

Boys' beautiful form of the Cavendish experiment, a research

which stands out as a model in beauty of design and in exactness

of execution (Fig. 2). But as Prof. Boys has described his ex-

periment already in this theatre (Proc. A\I., xiv. Part ii. 1894,

p. 353), it is not necessary for me to more than refer to it. It

is enough to say that he made the great discovery, obvious

NO. ]6c8, \OL. 62]



404 NA TURE [August 23, 1900

perhaps when made, that the sensitiveness of the apparatus is

increased by reducing its dimensions. He therefore decreased

the scale as far as was consistent with exact measurement of the

parts of the apparatus, using a torsion rod, itself a mirror, only
2" long, gold balls, m m, only J" in diameter, and attracting

lead masses, M M, only 4J" in diameter. The force to be

measured was less than 1/5 x lo® grain.

The exactness of his work was increased by using as suspend-

ing wire one of his quartz threads. It would be difficult to

over-estimate the service he has rendered in the measurement of

small forces by the discovery of the remarkable properties of

these threads.

One of the chief difficulties in the measurement of these small

gravitational pulls is the disturbances which are brought about

by the air currents, which blow to and fro and up and down
inside the apparatus, producing irregular motions in the torsion

rod. These, though much reduced, are not reduced in propor-

tion to the diminution of the apparatus.

A very interesting repetition of the Cavendish experiment

in place of the somewhat untrustworthy metal wire which he
used in the work already published.

Prof. Boys has almost indignantly disclaimed that he was en-

gaged on any such purely local experiment as the determination
of the mean density of the earth. He was working for the
Universe, -seeking the value of G, information which would be
as useful on Mars or Jupiter or out in the stellar system as here
on the earth. But perhaps we may this evening consent to be
more parochial in our ideas, and express the results in terms of

the mean density of the earth. In such terms, then, both Boys
and Braun find that density 5 "527 times the density of water,

agreeing therefore to i in 5000.

There is another mode of proceeding which may be regarded
as the Cavendish experiment turned from a horizontal into a

vertical plane, and in which the torsion balance is replaced by
the common balance. This method occurred about the .'ame

time to the late Prof. V. Jolly and myself. The principle of

my own experiment {Phil. Tians., 182, 1891, A, p. 565) will

be sufficiently indicated by Fig. 3. A big bullion balance with

a 4-foot beam had two lead spheres, ab, each about 5olbs. in

weight, hanging from the two ends in place of the usual scale

Fig. 2.—Boys' apparatus.

has lately been concluded by Dr. Braun {Denkschriften

der Math. Wiss. Classe der Kais. Akad. der Wissenschaften

Wien, Ixiv. 1896) at Mariaschein, in Bohemia, in which he has

sought to get rid of these disturbing air currents by suspending

his torsion rod in a receiver which was nearly exhausted, the

pressure being reduced to about ^\^ of an atmosphere. The
gales which have been the despair of other workers were thus

reduced to such gentle breezes that their effect was hardly

noticeable. His apparatus was nearly a mean proportional

between that of Cavendish and Boys, his torsion rod being about
9" long, the balls weighing 54 gms.—less than two ounces—
and the attracting masses either 5 or 9 kgms. His work bears

internal evidence of great care and accuracy, and he obtained

almost exactly the same result as Prof. Boys.
Dr. Braun carried on his work far from the usual laboratory

facilities, far from workshops, and he had to make much of his

apparatus himself. His patience and persistence command our

highest admiration.

I am glad to say that he is now repeating the experiment,

using as suspension a quartz fibre supplied to him by Prof. Boys

Fig. 3.—Common balance experiment (Poynting).

pans. A large lead sphere, M, i' in diameter and weighing

about 350 lbs., was brought first under one hanging weight, then

under the other. The pull of the lead sphere acted first on one

side alone and then on the other, so that the tilt of the balance

beam when the sphere was moved round was due to twice the

pull. By means of riders the tilt, and therefore the pull, was
measured directly as so much increase in weight. This increase,

when the sphere was brought directly under the hanging weight

with i' between the centres, was about \ mgm. in a total weight

of 20 kgm., or about i in 100,000,000. If, then, a sphere i foot

away pulls with i/io* of the earth's pull, the earth being on the

average 20,000,000 feet away, it is easy to see that the earth's

mass is calculable in terms of the mass of the sphere, and its

density is at once deduced. The direct aim of this experiment,

then, is not g, but the mass of the earth.

It is not a little surprising that the balance could be made to

indicate such a small increase in weight as i in 100 million.

But not only did it indicate, it measured the increase, with

variations usually well within i per cent, of the double attrac-

tion, or to I in 5000 million of the whole weight, a change in

weight which would occur merely if one of the spheres were

moved Vu inch nearer the earth's centre. This accuracy is only
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attained by never lifting the knife edges and planes during an
experiment, thus keeping the beam in the same state of strain

throughout, and, further, by taking care that none of the

mechanism for moving the weights or riders shall be attached

in any way to the balance or its case, two conditions which
are absolutely essential if we are to get the best results of which
the balance is capable.

Quite recently another common balance experiment has been
brought to a conclusion by Prof. Richarz and Dr. Krigar-
Menzel (" Anhang zu den Abhandlungen der Konigl," Preuss.

Akad. der Wissenschaften zu Berlin, 1898) at Spandau, near
Berlin. Their method may be gathered from Fig. 4. A
balance of 23 cm., say 9-inch beam, was mounted above a
huge lead pile aliout 2 metres cube, and weighing 100,000 kgm.
Two pans were supported from each end of the beam, one

pan above, the other pan below the lead cube, the suspending
wires of the lower pans going through narrow vertical tubular

holes in the lead. Instead of moving the attracting mass, the

attracted mass was moved. Masses of i kgm. each were put
first, say, one in the upper right-hand pan, the other in the

lower left-hand pan, when the pull of the lead block made the

right hand heavier and the left hand lighter. Then the weights
were changed to the lower right hand, and the upper left hand
when the pulls of the lead pile were reversed. When we
remember that in my experiment a lowering of the hanging

balance experiment (Richarz and Krigar-Menzel).

sphere by i^ inches would give an effect as great as the pull I

was measuring, it is evident that here the approach to and
removal from the earth by over 2 metres would produce very

considerable changes in weight, and, indeed, these changes
masked the effect of the attraction of the lead. Preliminary

experiments had, therefore, to be made before the lead pile

was built up, to find the change in weight due to removal from
upper to lower pan, and this change had to be allowed for.

The quadruple attraction of the lead pile came out at i 3664
mgm., and the mean density of the earth at 5*505.

This agrees nearly with my own result of 5*49, and it is a
curious coincidence that the two most recent balance experi-

ments agree very nearly at, say, 5*5 ; and the two most recent

Cavendish experiments agree at, say, 5*53. But I confess I

think it is merely a coincidence. I have no doubt that the

torsion experiment is the more exact, though probably an experi-

ment on different lines was worth making. And I am quite

content to accept the value of 5 '527 as the standard value for

the present.

And so the latest research has amply verified Newton's cele-

brated guess that " the quantity of the whole matter of the

earth may be five or six times greater than if it consisted all of
water."

I now turn to another line of gravitational research. When
we compare gravitation with other known forces (and those
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which have been most closely studied are electric and magnetic
force's) we are at once led to inquire whether the lines of

gravitative force are always straight lines radiating from or to

the mass round which they centre, or whether, like electric and
magnetic lines of force, they have a preference for some media
and a distaste for others. We know, for example, that if a
magnetic sphere of iron or cobalt or manganese is placed in a
previously straight field, its permeability is greater than the air

it replaces, and the lines of force crowd into it, as in Fig. 5.

Fig. 5.— Paramagnetic sphere placed in a previously straight field.

The magnetic action is then stronger in the presence of the

sphere near the ends of a diameter parallel to the original course

of the lines of force, and the lines are deflected. If the sphere

be diamagnetic, of water, or copper, or bismuth, the perme-

ability being less than that of air, there is an opposite effect, as

in Fig. 6, and the field is weakened at the end of a diameter

parallel to the lines of force, and again the lines are deflected.

Similarly, a dielectric body placed in an electric field gathers in

the lines of force, and makes the field where the lines enter and

leave stronger than it was before.

If we enclose a magnet in a hollow box of soft iron placed in

a magnetic field, the lines of force are gathered into the iron

and largely cleared away from the inside cavity, so that the

magnet is screened from external action.

Now common experience might lead us at once to say that

there is no very considerable effect of this kind with gravitation.

The evidence of ordinary weighings may, perhaps, be rejected,

inasmuch as both sides will be equally affected as the balance

is commonly used. But a spring balance should show if there

is any large effect when used in different positions above

different media, or in different enclosures. And the ordinary

balance is used in certain experiments in which one weight is

suspended beneath the balance case, and surrounded, perhaps,

by a metal case, or perhaps by a water bath. Yet no appreciable

variation of weight on that account has yet been noted. Nor
does the direction of the vertical change rapidly from place to

place, as it would with varying permeability of the ground

below. But perhaps the agreement of pendulum results, what-

ever the block on which the pendulum is placed, and whatever

the case in which it is contained, gives the best evidence that

there is no great gathering in, or opening out of the lines of

the earth's force by different media.

Still, a direct experiment on the attraction between two

masses with different media interposed was well worthy of trial,

and such an experiment has lately been carried out in Ameriqa

Fig. 6.—Diamagnetic sphere placed in a previously straight field.

by Messrs. Austin and Thwing (Physical Review, v. 1897,

p. 294). The effect to be looked for will be understood from

Fig. 7. If a medium more permeable to gravitation is inter-

posed between two bodies, the lines of force will move into it

from each side, and the gravitative pull on a body, near the

interposed medium on the side away from the attractmg body,

will be increased.
• j r n

The apparatus they used was a modified kmd of Boys
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apparatus (Fig 8). Two small gold masses in the form of

short vertical wires, each '4 gm. in weight, were arranged at

different levels at the ends virtually of a torsion rod 8 mm. long.

The attracting masses M^ Mj were lead, each about i kgm.

These were first in the positions shown by black lines in the

figure, and were then moved into the positions shown by

dotted lines. The attraction was measured first when merely

the air and the case of the instrument intervened, and then

when various slabs, each 3 cm. thick, 10 cm. wide and 29 cm.

high, were interposed. With screens of lead, zinc, mercury,

water, alcohol or glycerine, the change in attraction was at the

most about i in 500, and this did not exceed the errors of

experiment. That is, they found no evidence of a change in

pull with change of medium. If such a change exists, it is not

of the order of the change of electric pull with change of

medium, but something far smaller. Perhaps it still remains

just possible that there are variations of gravitation perme-

ability comparabfe with the variations of magnetic permeability

in media such as water and alcohol.

Yet another kind of effect might be suspected. In most
crystalline substances the physical properties are different along

different directions in a crystal. They expand differently, they

conduct heat differently, and they transmit light at dififerent

speeds in different directions. We might, then, imagine that

the lines of gravitative force spread out from, say, a crystal

sphere unequally in different directions. Some years ago, Dr.

Mackenzie {Physical Review, ii. 1895, p. 321) made an

experiment in America in which he sought for direct

evidence of such unequal distribution of the lines of force. He
used a form of apparatus like that of Prof. Boys (Fig. 2), the

attracting masses being calc spar spheres about 2 inches in

medium in radia

field of force.

diameter. The attracted masses in one experiment were small

lead spheres about h, gm. each, and he measured the attraction

between the crystals and the lead when the axis of the crystals

were set in various positions. But the variation in the attraction

was merely of the order of error of experiment. In another

experiment the attracted masses were small calc spar crystal

cylinders weighing a little more than ^ gm. each. But again

there was no evidence of variation in the attraction with

variation of axial direction.

Practically the same problem was attacked in a different way
by Mr. Gray and myself {Phil. Trans., 192, 1899, A, p. 245).

We tried to find whether a quartz crystal sphere had any
directive action on another quartz crystal sphere close to it,

whether they tended to set with their axes parallel or crossed.

It may easily be seen that this is the same problem by con-

sidering what must happen if there is any difference in the

attraction between two such spheres when their axes are parallel

and when they are crossed. Suppose, for example, that the

attraction is always greater when their axes are parallel, and
this seems a reasonable supposition, inasmuch as in straight-

forward crystallisation successive parts of the crystal are added
to the existing crystal, all with their axes parallel. Begin,

then, with two quartz crystal spheres near each other with their

axes in the same plane, but perpendicular to each other.

Remove one to a very great distance, doing work against their

,mutual attractions. Then, when it is quite out of range of

appreciable action, turn it round till its axis is parallel to that of

the fixed crystal. This absorbs no work if done slowly. Then
let it return. The force on the return journey at every point is

greater than the force on the outgoing journey, and more work
will be got out than was put in. When the sphere is in its first

position, turn it round till the axes are again at right angles.

Then work must be done on turning it through this right angle
to supply the difference between the outgoing and incoming
works. For if no work were done in the turning, we could go
through cycle after cycle, always getting a balance of energy
over, and this would, I think, imply either a cooling of the
crystals or a diminution in their weight, neither supposition
being admissible. We are led, then, to say that if the
attraction with parallel axes exceeds that with crossed axes,

there must be a directive action resisting the turn from the
crossed to the parallel positions. And conversely, a directive

action implies axial variation in gravitation.

The straightforward mode of testing the existence of this

directive action would consist in hanging up one sphere by a
wire or thread, and turning the other round into various
positions, and observing whether the hanging sphere tended to

twist out of position. But the action, if it exists, is so minute,
and the disturbances due to air currents are so great, that it

would be extremely difficult to observe its effect directly. It

occurred to us that we might call in the aid of the principle of

forced oscillations, by turning one sphere round and round at a
constant rate, sO that the couple would act first in one direction

and then in the other, alternately, and so set the hanging sphere
vibrating to and fro. The nearer the complete time of vibration

of the applied couple to the natural lime of vibration of the

f
•'P,"
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Fig. 8.—Experiment on gravitative permeability (Austin and Thwing).

hanging sphere, the greater would be the vibration set up.

This is well illustrated by moving the point of suspension of a
pendulum to and fro in gradually decreasing periods, when the

swing gets longer and longer, till the period is that of the

pendulum, and then decreases again. Or by the experiment of

varying the length of a jar resounding to a given fork, when
the sound suddenly swells out as the length becomes that which
would naturally give the same note as the fork. Now, in looking

for the couple between the crystals, there are two possible cases.

The most likely is that in which the couple acts in one way
while the turning sphere is moving from parallel to crossed, and
in the opposite way during the next quarter turn from crossed to

parallel.. That is, the couple vanishes four times during the

revolution, and this we may term a quadrantal couple. But it

is just possible that a quartz crystal has two ends like a magnet,

and that like poles tend to like directions. Then the couple

will vanish only twice in a revolution, and may be termed a

semicircular couple. We looked for both, but it is enough now
to consider the possibility of the quadrantal couple only.

Our mode of working will be seen from Fig. 9. The hanging

sphere, '9 cm. in diameter and 1 gm. in weight, was placed in a

light aluminium wire cage with a mirror on it, and suspended by

a long quartz fibre in a brass case with a window in it opposite

the mirror, and surrounded by a double-walled tinfoiled wood
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case. The position of the sphere was read in the usual way by
scale and telescope. The time of swing of this little sphere was
120 seconds.

A larger quartz sphere, 6 6 cm. diameter and weighing

400 gnis. , was fixed at the lower end of an axis which could be

Jfotor,

ToAccuTivt

^?Ti'
Governor]

Lead, Flu-irheeL

::,f, -^^f%,,v

Fig. 9 —Experiment on directive action of one quart2 crystal on another.

turned at any desired rate by a regulated motor. The centres

of the spheres were on the same level and 59 cm. apart. On
the top of the axis was a wheel with 20 equidistant marks on its

rim, one passing a fixed point every 1 1 -5 seconds.

It might be expected that the couple, if it existed, would have

r~\^
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Or, if the gravitation is less in the crossed than in the parallel

position, and in constant ratio, the difference is less than i in

16,000 in the one case and less than i in 2800 in the other.

We may compare with these numbers the difference of rate of

travel of yellow light through a quartz crystal along the axis and
perpendicular to it. That difference is of quite another order,

being about i in 170.

As to other possible qualities of gravitation, I shall only

mention that quite indecisive experiments have been made to

seek for an alteration of mass on. chemical combination,^ and
that at present there is no reason to suppose that temperature

affects gravitation. Indeed, as to temperature effect, the

agreement of weight methods and volume methods of measuring
expansion with rise of temperature is good, as far as it goes, in

showing that weight is independent of temperature.

So while the experiments to determine G are converging on
the same value, the attempts to show that, under certain con-

ditions, it may not be constant, have resulted so far in failure all

along the line. No attack on gravitation has succeeded in

showing that it is related to anything but the masses of the at-

tracting and the attracted bodies. It appears to have no relation

to physical or chemical condition of the acting masses or to the

intervening medium.
Perhaps we have been led astray by false analogies in some of

our questions. Some of the qualities we have sought and failed

to find, qualities which characterise electric and magnetic forces,

may be due to the polarity, the -f and - , which we ascribe to

poles and charges, and which have no counterpart in mass.

But this unlikeness, this independence of gravitation of any
quality but mass, bars the way to any explanation of its nature.

The dependence of electric forces on the medium, one of

Faraday's grand discoveries for ever associated with the Royal
Institution, was the first step which led on to the electromagnetic

theory of light now so splendidly illustrated by Hertz's electro-

magnetic waves. The quantitative laws of electrolysis, again due
to Faraday, are leading, I believe, to the identification of elec-

trification and chemical separation, to the identification of

electric with chemical energy.

But gravitation still stands alone. The isolation which Fara-
day sought to break down is still complete. Yet the work I have
been describing is not a failure. We at least know something in

knowing what qualities gravitation does not possess, and when
the time shall come for explanation all these laborious and, at

first sight, useless experiments will take their place in the
foundation on which that explanation will be built.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences. August 13.—M. Maurice Le'vy in

the chair.—On the neogenic regions of Lower Egypt and the
Isthmus of Suez, by MM. C. Deperet and R. Fourtau. Of the
Miocene formation the following were recognised :—The Burdi-
galian, or first Mediterranean stratum, by the presence of

Echinolampas amplus, Scutella Inmsi, Lovenia, Cidaris
avenionensis, Amphiope truncata and other fossils ; the
Vindobonian, or second Mediterranean stratum, by a blue lime
containing Pecten cristato-costatus and numerous echinoderms.
Of the Pliocene, in the neighbourhood of Cairo, are layers of
yellowish sand containing Clypeaster aegyptiacus and other
characteristic fossils.—The area of the basins of Russia in Asia,

by M. J. de Schokalsky. The map is made upon the scale of

I in 4,200,000, and the area evaluated by means of a sheet of
celluloid divided in square millimetres. The area found is

16,085,000 sq. kilometres. — On a hypsometric map of
European Russia, by M. J. de Schokalsky. The previous map
of M. de Tillo was limited by the latitude 60° N. ; the present
map includes the whole of European Russia upon a scale of i

in 15,300,000.—Observations of the Borelly comet, made at the

Observatory of Algiers with the 31 "8 cm. equatorial, by M. F.
Sy.—A new arrangement of apparatus serving to measure geo-
desic bases, by M. Alphonse Berget. Ruled plates of iron float-

ing in a bath of mercury are used instead of the ordinary scales.

The method has the advantage of securing without trouble the
absolute horizontality of the rules ; two consecutive rules are
necessarily in the same horizontal plane, since their mercury
baths are connected ; there is no correction necessary for the
flexure of the rules, and the temperature correction is much
more certain.—Stereoscopic vision of curves traced by a phase
apparatus, by M. Marc Dechevrens.—Properties of magnetic

i Landolt, 2«V. /?<> Phys. Chem., xii. i, 1894. Sanford and Ray,
Physical Review, v. 1897, p. 247.

deposits obtained in a magnetic field, by M. Ch. Maurain. Iron
was deposited in a magnetic field either from a solution of ferrous

and ammonium chlorides, or from a solution of ferrous sulphate
in sodium pyrophosphate. It was found that the intensity of
magnetisation of different layers of the deposit growing in a
uniform field has the same value, and that the uniform mag-
netisation acquired by a depo.sited strip increases with the
strength of field in which the deposit is obtained.—The role of
discontinuities in the propagation of explosive phenomena, by
M. Paul Vieille. On the assumption of an adiabatic elasticity,

together with continuity, the velocities of wave propagation
found in certain cases are too great. It is necessary to assume
that the phenomenon is discontinuous.—Action of hydrogen
upon the sulphides of arsenic, by M. H. Pelabon. Details of
experiments of the interaction of realgar and hydrogen in sealed

tubes at 610° C. The reaction is a reversible one, and the limit

is affected by the introduction of an excess of arsenic.

—

The properties of the blue oxide of molybdenum, by
M. Marcel Guichard. The blue oxide is a molybdate, and
could not be obtained free from water, two oxides of molybdenum
only existing in the anhydrous state, M0O2 ^"^ MoO.,.—On the

colouring matter of Echinus escu/entus, by M. Griffiths.—On
the composition of the ashes of some medicinal plants, by M.
Griffiths.—On a cause of error in the examination of wines for

salicylic acid, by M. J. Ferreira da Silva. The method of Petlet

and Grobert will indicate the presence of salicylic acid in a pure
wine that is really free from it. The official German method
gives exact results.—On a variety of the anthrax bacillus ; a

short asporogenic form. Bacillus anthracis brevigemvians, by
M. C. Phisalix. In the organism of the dog the B. anthracis
undergoes important modifications, becoming shorter with a

rapid and complete segmentation. It is still uncertain whether
this should be regarded as a variety or a new species.—Anti-

hepatic serum, by M. C. Delezenne.—Application to man of the

regeneration of confined air by means of sodium peroxide, by
MM. A. Desgrez and V. Balthazard. The apparatus described

weighs twelve kilograms, and by its means a man can penetrate

easily into an irrespirable atmosphere.
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RIGHT- AND LEFT-HANDEDNE5iS.
Rechts- tindLinkshdndigkeit. Von Dr. Fritz Lueddeckens.

Pp. vi + 82. (Leipzig : Engelmann, 1900.)

"T^HE chief interest of the treatise under consideration
J- consists in the exposition of a variety of condi-

tions which, in the author's opinion, are associated
with that commonly known as right-handedness, a
condition which is generally assumed to refer to a
greater physical development and functional employment
of that side of the body. Moreover, the author seeks to

refer all the phenomena upon which his extended con-
ception of right- (or left-) handedness is based to a
common cause, which he finds in the existence of a
higher degree of blood-pressure in the vessels of one
side of the head (and in the common mstance, viz. the
right-handed one, in the vessels of the left side) than in

those of the other. Dr. Lueddeckens is thus firstly con-
cerned to prove the existence of such an inequality in

blood-pressure as has just been mentioned, and the
earlier pages of his book are devoted to this part of the
subject. From an account of the embryological history
of the arterial system, and the departures from original

bilateral symmetry which that system presents, we are
led (p. 8) to a study of the hydrodynamic conditions
obtaining in the aortic arch in the living subject, and in

this connection it is argued that the circumstances are
such as will produce a higher blood-pressure in the
left than in the right common carotid artery. The
greater frequencies of cerebral hyemorrhage, and of
embolism of the arteria centralis retince on the left

side of the brain, are urged in further support of this

view.

If it be conceded that the cerebral hemispheres may
differ in respect of the pressure in their arterial systems,
it becomes possible to divide individuals into three classes,

viz. those in whom the blood-pressure is higher on the
left side ; those in whom the pressure is higher on the
right side ; and, finally, there must be a category in which
will be ranged such cases as present a degree of blood-
pressure which is the same in each hemisphere. The
majority of cases will, it is believed, fall within the first

of these divisions, and to such cases (ordinary right-

handed persons) our attention is first directed : evidence
is drawn from a comparison of the structures supplied by
the chief branches of the common carotid arteries of
each side, and firstly of the structures in the area supplied
by the external carotid artery, including various super-
ficial structures and also the ear (internal maxillary
artery), and the conclusion is arrived at that there is a
predominance in growth and a more easily excitable

nervous sensibility (auditory sensations being especially

observed) on the left side, such preponderance being
directly associated with the higher blood-pressure on
that side.

In the second place, a number of observations on the
shape of the eyeball, and on the comparative dimensions
<^if the two eyes in the same individual, are discussed.
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For it is argued that a difference in blood-pressure will

find expression in a difference in the shape of the eyeball

on the same side, and that this difference in shape will,

in turn, be manifested by differences between the two
eyes, in respect of sight. And it is finally submitted that

observations on the respective refractive powers in the

two eyes of a number of persons examined with regard
to this point bear out the conclusion which was thus

arrived at on a priori grounds.

Thirdly, differences in the size of the pupil on the two
sides are taken as criteria of differences in blood-pressure,

the smaller pupil corresponding to the higher blood-pres-

sure, and vice versd. Thus we should, according to the

author's argument, expect normally to observe differences

in this respect. But inasmuch as such difference between
the pupils is, by many authorities, considered to accom-
pany pathological conditions only, the author is at con-
siderable pains to show that a purely physiological

difference in size may exist. And so again, his arguments
that the difference in blood-pressure will be manifested
by a difference in the pupils, and further that the differ-

ence is normally (in right-handed persons, that is) indi-

cative of a higher blood-pressure on the left side of the
head, are considered to be justified by the number of
cases in which the smaller of two " physiologically

"

unequal pupils was observed in the left eye.

Turning from the special domain of ophthalmic anatomy
and physiology, the relative weights of the cerebral hemi-
spheres next claim attention, and Hamarberg's results

are quoted as indicative of a slight excess of weight in

favour of the left hemisphere. The conformation of the
several cortical areas is then described, in allusion to

their well-known connection with the voluntary produc-
tion of movements (and of speech in particular). Sensory
phenomena are next considered, and evidence of a right-

sided predominance in nervous excitability is adduced
from the results of work by Biervliet (on the muscular
sense, taste, hearing, sight) ; and lastly, psychical events
are dealt with, though with much brevity owing to the
difficulty of obtaining relevant evidence.

Passing briefly over the category of subjects in whom
an equal blood-pressure is presumed to obtain on both
sides of the head, the remaining class in which the blood-

pressure on the right side of the head exceeds that on
the left is dealt with much in the same way, and in

nearly as much detail, as the first class ; and with very

similar results, muiaiis tnuiandis : in other words,
Dr. Lueddeckens finds in the majority of left-handed

persons the various sources of evidence which have
previously been detailed, and which indicate in the left-

handed persons a higher blood-pressure on the right

side of the head, just as they indicated this condition

on the left side of the head in right-handed persons.

Interesting observations on the psychical phenomena
of young left-handed individuals are recorded, and in

particular their difficulties in learning to write, their

tendency to adopt mirror-writing, and the greater fre-

quency of impediments to speech among the left-

handed may here be noted. Finally, the tendency of

the left-handed to lie on the left side during sleep is

commented upon.

The foregoing sketch will, it is thought, render the

T
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following comments intelligible. Firstly, the demon-

stration of an essential and fundamental point, viz. the

higher degree of blood-pressure in the area supplied by

the left common carotid artery, leaves a good deal in the

way of direct evidence to be desired : the most important

point urged in support being perhaps the comparatively

greater frequency of cerebral haemorrhage on the left

side. The author admits that, as regards the brain, the

confluence of the two vertebral arteries (to form the

basilar) equalises the conditions on the two sides so far

as the parts (medulla, pons, and posterior parts of hemi-

spheres) supplied by these are concerned, whereas the

equalising effect is not supposed to be felt in other parts

of the circle of Willis. We regret that we can find no

direct guidance on this point in Hill's important work on

the cerebral circulation.

The arrangement of the great vessels springing from

the aortic arch is also a subject that admits of a good

deal of discussion in the present connection.

With reference to the auditory nerve (p. i6), and the

greater sensibility of the auditory centre in the left hemi-

sphere, it may be mentioned that some support is afforded

to this view by the earlier date at which the auditory

fibres running up to the first temporal gyrus in the left

hemisphere acquire their medulla, and presumably attain

a fully functional state (Flechsig). In his observations on

the eye, the author is to be congratulated on having

devised new applications of routine clinical methods to

the elucidation of the questions with which he deals. As
regards actual differences in the dimensions of the eyes,

it is remarkable that no evidence on this subject is forth-

coming from the otherwise exhaustive work by L. Weiss

on the anatomy of the eye {Anatomische Hefle, Bd. viii.

1897). The recognition of non-pathological differences

in the size of the pupils is a point on which it is worth

while to insist ; moreover, the phenomenon will lose

little, if any, of its importance as a physical sign in the

early diagnosis of certain nervous diseases {e.g. general

paralysis of the insane). As regards the weights of the

hemispheres of the brain, it may be well to remark that

there appears to be a mis-quotation on p. 49, where the

weight of a left cerebral hemisphere is stated to be 218 gm.,

and that of the corresponding right hemisphere 133 gm.

only ; at any rate, if there is not a mistake in quoting

Hamarberg's figures, the brain could hardly be regarded

as other than pathological, and consequently valueless in

this connection. But more important than this is the fact

that Braune's extensive weighings show that the difference

between the two hemispheres is quite negligible. At the

same time we may mention that, according to Bastian,

the specific gravity of the left hemisphere exceeds that

of the right. Finally, we do not feel inclined to agree

with the author in explaining instances of the exist-

ence of double personalities on the supposed presence

of equal blood-pressure in right and left common carotid

arteries.

On the whole, we think that while the amount of

evidence in support of the author's main assumption

might well be increased, at the same time the clear

record of observations, and the deliberate discussion of

their significance, will render Dr. Lueddeckens' volume

of much interest to biologists.

W. L. H. Duckworth.

NO. 1609, VOL. 62J

MODERN VIEWS ON THE CHARACTERS OF
THE CELLULAR ELEMENTS IN THE
BLOOD.

Histology of the Blood : Normal and Pathological. By
P. Ehrlich and A. Lazarus. Edited and translated by
W. Myers, M..A, M.B., B.Sc. Pp. xiii + 216. (Cam-
bridge : At the University Press, 1900.)

NOT much more than a year has elapsed since the first

part of "die Anaemie,"by Ehrlich and Lazarus, ap-

peared in Nothnagel's " System of Pathology and Thera-
peutics "

; but during that short time the work has taken a
foremost place among those dealing with the histology of
the blood. Perhaps the most striking feature of the book
is its originality, broad lines being laid down along which
future investigators may work, and no subject is taken up
without being enriched by some suggestive hypothesis
based on interesting observations made by Ehrlich him-
self or some of his pupils. Although comparatively a
small book, it may be said, without disparagement to the
many other works on hasmatology, to be the one to

which the term " epoch-making" may, without exaggera-
tion, be applied. It is only possible to refer shortly to

some of the most important subjects discussed in its pages.

Although it is undoubtedly with reference to the leuco-

cytes that the most important observations are made,
there are also points of great interest treated of in the

chapter dealing with the morphology of the erythrocytes.

This is especially the case with regard to the authors'

views on polychromatophilia as a sign of degeneration,

and on the method of transformation of megaloblasts to

megalocytes and normoblasts to normocytes. Not less

important are the paragraphs dealing with the megalo-
blastic type of the blood and marrow in pernicious

anaemia. But it is when the authors come to discuss the

normal and pathological histology of the white blood cor-

puscles that we find on every page observations that shed
light on points that have been long in obscurity.

Although the authors belong to a comparatively small

school that believes in the absolutely distinct characters

of two types of white blood corpuscles, lymphocytes and
granular leucocytes, yet no one, whatever his own opinions
may be, can rise from a perusal of these pages without

granting that no stronger case could have been presented

in support of this view than the one placed before us
in this book. Perhaps it is mainly to Ehrlich and
Ribbert in Germany, and Muir in this country, that

we are indebted for the most powerful arguments
against the view that all leucocytes are developed from
the lymphocyte. The arguments presented in this book
in favour of the view that there are two great types of

white cells, are obtained from morphological, experimental,

pathological and clinical data. The morphological
characters of the different forms of white cells are first

described in a very lucid manner. There is an exceed-

ingly valuable contribution to our knowledge of the

functions of the spleen in Kurloff's work on the effects of

removal of that organ from guinea-pigs. The functions

of the lymph glands and bone marrow are described, and
additional evidence is given in favour of the two-fold type

of the white blood corpuscle.

The chapter dealing with the demonstration of the cell

granules and their significance is, of course, one in which

Ehrlich, as a pioneer in this subject, naturally finds him-
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self at home. He repudiates Altmann's claims to priority

with regard to the importance of cell granules. The de-

scription of the different types of leucocytosis and leuco-

cyth.emia is exceedingly good, and perhaps constitutes

the most valuable section of the work. It is unfortunate

that the translator has not seized the opportunity, as he

has done in the case of Kanthack and Hardy's investi-

gations, of referring to the very important work done by
Muir on experimental leucocytoses and leucocytha?mia.

It is to him that we are indebted in the first place for the

recognition of the " leucoblastic " type of marrow in

experimental leucocytosis.

Ehrlich's chemiotactic theories with regard to the
emigration of different cells from their seat of formation,

the marrow, into the blood, and from the blood into the

tissues, &c., are presented in a most interesting fashion,

although, unfortunately, it is still impossible to speak
about the etiology of medullary leucocythaemia in any-
thing but the most indefinite way. To Dr. Myers' trans-

lation one can only refer in terms of praise. Perhaps it

errs at places by being rather too literal. References to

Jenner's eosin-methylene blue mixture, and to Kanthack
and Hardy's work, are welcome additions made by the

translator and editor. Confirmation and amplification of

the very important investigations of Kanthack and Hardy,
and Hardy alone, on the solution of oxyphil granules
when cells containing the latter come in contact with
chains of B. anthracis, &c., would be heartily welcomed
by all who are interested in the subject of leucocyte

secretions. T. H. Milroy.

BIOLOGY AT WOODS' HOLL, U.S.A.

Biological Lectures from the Marine Laboratory at
Woods' Holl, U.S.A., for 1899. Pp. 282. (Boston :

Ginn and Co., 1900.)

T^HE present volume, like all its predecessors, is

-•- replete with interest and full of testimony to the

activity and good work of the Whitman School. It con-
tains the reports of sixteen lectures, of which as many as
four are for the first time botanical ; and although among
the zoological writers we miss the names of Whitman
and one or two of the most tried among his earlier col-

laborateurs, the effects of their teaching and example are
all evident. More especially is this the case with the
lectures by C. M. Child on "The Significance of the
Spiral Type of Cleavage," and by E. Thorndike on
" Instinct," in which certain of Whitman's most famous
conclusions receive support.

Conspicuous lectures are those by C. B. Davenport on
" The Aims of the Quantitative Study of Variation," and
by Jacques Loeb on "The Nature of the Process of
Fertilisation," each in extension of work for which these
investigators are now well known. The latter writer,

dealing with facts which show that the process of fer-

tilisation and development may be produced in the tg^
cell by the action of certain salts, to an advanced stage,
would have us believe he has transferred the problem of
fertilisation from the realm of morphology into the realm
of physical chemistry. There is an important address by
Alphicus Hyatt on "Some Governing Factors usually
neglected in Biological Investigations," in which the
uniformitarian hypothesis receives a check and a defence
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is set up of a law of " Tachygenesis " or " abbreviated
development " ; and there is incorporated in it a dis-

cussion on heredity, in its bearings on Ribot's argument
that it is a "specific memory," and that a form of

automatism is the link between memory and habit.

T. H. Morgan continues to write on " Regeneration,"

and among the lectures there are two which are note-

worthy as embodying full bibliographies, of service for

reference—viz. those by A. G. Mayer on " The Develop-
ment of Colour in Moths and Butterflies," and by G. N,
Calkins on " Nuclear Division in Protozoa." Interest

amounting to novelty is greatest as concerns the work of

C. H. Eigenmann on the breeding habits of the blind-

fishes, the Amblyopsidas, of the Mississippi Valley, in

which the discovery that the bleached condition is as-

sumed by the young even when reared in the light, is

brought forward as evidence of hereditary establishment

of an effect of the environment ; and as concerning a

lecture by H. S. Jennings on " The Behaviour of Uni-
cellular Organisms," in which, from the fact that a multi-

plicity of causes may bring about similar reactions, it

is argued that organisation and not the nature of the

stimulus determines the result of experiment. Of the

botanical lectures, that by D. H. Campbell on " The
Evolution of the Sporophyte" furnishes an argument
in favour of the abandonment of aquatic life having

had a potent influence in its higher development, while

another by D. P-. Penhallovv will be useful, as giving

a succinct account of the alteration and carbonisa-

tion processes undergone by vegetable organisms during

fossilisation. The remaining lectures are upon the

effects of temperature and currents of air upon distri-

bution, the significance of mycorrhizas, the associative

processes in animals, and the " Physiology of Secretion ";

and the tout ensemdle gives promise of increased at-

tention in the future to questions of cytology, in both

their experimental and physiological aspects, with a

leaning to those which involve philosophic principles

and abstract ideas. No doubt much of the biological

work of the next generation will be of this type, but in

view of the probability that that may stand in danger of

being overdone, and of the idea .that nothing remains

possible on the old lines, it may be said that in the very

book under review there is reached the conclusion that

"it is the individual which is the unit and not the cell."

In the future, when everything will need to be gone over

again under an advance in methods and a better under-

standing, the facts of mere anatomy—the value of which

there is a growing tendency to depreciate—will assuredly

prove as important and instructive as in the past. Our
American brethren may do well to bear this in mind.

OUR BOOK SHELF.
Brief Guide to the Commoner Butterflies of the Northern

United States and Canada. Being an Introduction
to a Knowledge of their Life-histories. With Illus-

trations of all the Species. By Samuel Hubbard
Scudder. * Pp. xi -f- 210 ; 22 plates. (New York:
Henry Holt and Co., 1899.)

Our notice of the first edition of this work appeared in

Nature for August 10, 1893. This is not before us
while writing ; but as far as we can tell without actual

comparison, the present edition, as regards the letter-
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press, is little more than a reprint of the first. But the

plates are a welcome addition. They represent seventy-

three species, without colour, carefully drawn and easily

recognisable, though sometimes badly printed. The
small size of the book renders it very convenient for

handy reference. A European entomologist will recog-

nise one or two old friends, such as the Camberwell
Beauty, the Painted Lady, Red Admiral, and a Small
Copper, hardly distinguishable from our own ; but the

proportions of the various families and genera are very
different from what obtains in Europe. A single plate,

representing five species, and another representing only
six species, are enough to illustrate the Satyridae, and
the Blues and Coppers together ; while a much more
crowded plate is required for the Hair-Streaks, and two
for the Skippers. There are also several very large and
conspicuous species, including six large Swallow-Tails,
and the northern representatives of several tropical

genera. But although the average size of the North
American butterflies is much larger than ours, and much
of the settled part of the country lies much further south,
the number of species in the Northern States is much
smaller than in Europe, owing to the comparative absence
of Satyridce and Lycasnidae ; and it is not till we reach
the frontiers of Mexico that the vast wealth of the tropical
American butterfly fauna (almost equalling that of all the
other continents put together) begins to dawn upon us.

W. F. K.

Elements of Qualitative Analysis. By G. H. Bailey,
D.Sc, Ph.D., and G. J. Fowler, M.Sc. Pp. 115.
(Manchester : J. E. Cornish, 1900.)

Among the distinctive characteristics of this addition to
the already numerous volumes on practical chemistry
are : the prominence given to the recognition of common
elementary substances by an examination of their simple
physical and chemical properties, the attention given to
dry methods of analysis, and the series of flame-reactions.
These sections provide students of practical chemistry
with excellent exercises in manipulation, and will counter-
act the belief that the best way to analyse a substance
is always to dissolve it and go through the usual routine
treatment of solutions and precipitates. There is little

sympathy with ordinary qualitative analysis at the present
time, but where the subject is taught it should be taught
intelligently ; and as this little book provides a reasonable
course of laboratory work, it merits a trial.

LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undei'take
to return, or to correspond with the writers of, rejected

manuscripts intended for this or atiy other part of Nature.
No notice is taken of anonymous communications.

'\

Railways and Moving Platforms.

About twenty years ago I was in the habit of speaking with
Prof. Ayrton and other friends about a scheme which might
increase ten-fold the carrying capacity of the Underground Rail-

way. I prepared a letter for the Times newspaper about two
years ago, but at the earnest entreaty of a friend I applied for

patent protection for the scheme, and did not publish the letter.

I have not proceeded with the patent, and wish now that I had
published the letter. Indeed, I wish that, instead of merely
talking the matter over with friends twenty years ago, I had
published what I had to say.

Travelling now on the new Central London Railway, one feels

that there is enormous waste of energy and of tinre in starting

and stopping the trains. Again, a train must not be longer than
the platform. On my scheme the train does not stop, and the

longer it is the better. Indeed, lean imagine an endless train

keeping a perfectly constant speed all the time.

My scheme is easy enough to understand now that moving
platforms are common. After passengers enter a station I get
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them gradually into a state of motion, so that moving alongside
the train and at the same speed, they may enter and other
passengers may leave. There are many ways in which the
scheme may be carried out. From a wayside station passengers
may enter an express train which does not stop, in the following
way. They enter a small train at the station ; this train gradually
gets up a speed equal to that of the express ; it runs alongside
the express at a particularly well-laid part of the line ; there is

an exchange of passengers, and the local train gradually comes
to rest again at the station.

For the Underground Railway, the method which most com-
mended itself to Prof. Ayrton and me long ago was this. At
a station, say St. James's Park, the platform was a carefully con-
structed turntable, 500 feet in diameter, the rim of which travelled
at 8 miles per hour. The whole area was not really a floor ; it

was only a skeleton of a turntable, being an outer rim 8 feet

broad and many radial passages. The very long train to Mansion
House, travelling at 8 miles per hour, was close to the rim of the
turntable; indeed geared with it in a rough, simple manner for less

than half its circumference ; the train from Mansion House did
the same on the other side. I need not speak of the automatic
opening and closing of the doors of the train.

A passenger, let us say second class for Mansion House, takes
his ticket and descends a spiral staircase, which revolves so
slowly that even the frailest and most timid of old ladies is

not frightened ; in fact, it revolves on its own axis once in 134
seconds. At the bottom the passenger sees a few notices ; one
of them saying second class, Mansion House, has a hand
pointing along a radial passage, and this is followed. As
the passenger moves radially, he does not notice that he is

gradually getting up speed circumferentially. He does not
notice that the floor gets slightly inclined as he moves out,
to counteract the small effect of centrifugal force. When he
reaches the outside of the platform he probably finds a train

there, seemingly at rest, with the doors open, and he enters it,

moving perhaps along the platform, choosing one compartment
rather than another. If he is lucky he has about one minute in

which to make his choice. But he will notice near him on the
platform an altering time signal which tells him how much more
time he has to waste : 50 seconds, 40, or 30, or 20, or 10 ; if he
delays after the signal says o, an iron railing will come between
him and the train ; he will see the train moving laterally

away from the platform, and he must wait seventy-four seconds
before he sees a train coming laterally towards him; the
railing goes away, and he has again sixty seconds in which to

enter.

If he had a third class ticket to South Kensington, he woukl
have proceeded in exactly the same way. Also every passenger
wanting to leave the train at St. James's Park had sixty seconds
in which to do it. Trains at 16 miles an hour give only
half these times. A platform of only 250 feet diameter would
give only half the time if the train speed was 8 miles an
hour. I need not dwell upon the details of this and other

methods which suggest themselves. It may be soon or syne, but

I feel sure—I have felt sure for many years—that my method
will have to be adopted. John Perry.

August II.

Snow-drifts on Ingleborough.

In his interesting letter on "Snow-drifts on Ingleborough in

July," Prof. Hughes describes what may be called the first stage

in the formation of a glaciere. These ice-caves, not very rare in

parts of the Alps and Jura, were made by the present Bishop of

Bristol the subject of an attractive book (published thirty- five

years ago), and have been occasionally noticed in the earlier

volumes of Nature and elsewhere. I have always beheved
that snow, drifted into caves during the winter, was the initial

cause of these natural ice-houses (about half a dozen of which I

have visited), and can quote a case from the Alps which is a

slight variation of that described by Prof. Hughes. On July 24,

1873, I went up the Pic d'Arzinol (9845 feet) from Evolena in

the Val d'Kerens, and on the way down—so far as I remember
between five and six thousand feet above sea-level—my guide

diverged from the track to show me what he called the Pertuis

Freiss. These were two fissures, apparently joints, opened by a

slight subsidence. A description of one will serve for both,

except that there was hardly any descent to its floor. The fissure

extended some four yards into the hill, and was at widest about

as many feet. Ice was patched about the floor, and in places
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formed a plaster on the walls, its thickness being at most three

inches. It showed prismatic structure, though rather small.

The air within was cold (I had no thermometer) ; but as the

surface of the ice was wet, it was above 32" P\, though I think

not much. The guide told me that the fissures in winter-time

were filled with snow. This accumulation, probably owing to

the shape of the fissure, no longer remained as snow, but was
represented by the ice on the floor and walls, which the guide
said seldom, if ever, disappeared. The absence of ice from the

walls of the Ingleborough" swallow hole" was probably due to

some exceptional dryness of the rock ; but Prof. Hughes has un-
doubtedly found a "baby" ice-cave, like that I have described,

and it will be worth examining some more of these dry shafts to

see whether a slightly better developed specimen may not be
lurking in the neighbourhood. T. G. BONNEY.

Permeability of Iron under the influence of the
Oscillatory Discharge from a Condenser.

In your issue of August 2 there is an abstract of a very interest-

ing paper, read by Prof. Trowbridge, on his experiments with a
battery of 20,000 secondary cells. In it he mentions that the

permeability of iron when under the influence of a very powerful
discharge from a large condenser is now under observation.

I should like to draw attention to some experiments I was
making over a year ago in Lord Blythswood's laboratory (an

account of which has not yet been published), in which I have
gone into the subject in some detail.

In my experiments the lowest frequency used was about
5000 a second. I enclose two photographs of sparks taken in

the usual way with a revolving mirror. The discharge in photo-
graph (i) took place through a coil of about 5 millihenrys self-

induction from a battery of Leyden jars of a total capacity of
•06 microfarads, the potential difil'erence between the coatings,

before discharge, being 13,500 volts. In photograph (2) a fine

wire core, consisting of 550 No. 28 soft iron wires, was inserted

into the coil (which was wound on a hollow paper spindle of

about I '3 cm. internal diameter). The other conditions of

discharge were identical in the two cases ; the speed of the

mirror, however, was 19 revolutions per second for photograph
(i), and 16 per second for photograph (2), thus tending to draw
out the spark more in the first photograph.
The essential differences are, however, well marked. At the

beginning of the discharge we have the "pilot" spark, first

noticed by Prof. Boys ; and then in the photograph (2), taken
with the iron w're cores, a series of oscillations gradually in-

creasing in length. The first half-oscillation, however, is nearly
twice as long as the half-oscillations in photograph (i), when
there were no iron wire cores in the coil. The increase in the
time for a half-oscillation is due, of course, to the increased self-

induction of the coil on account of the iron; and the gradually-
increasing length is due to the increase in permeability of the
iron as the intensity of the discharge dies away. In photograph
(i) the frequency of oscillation of the spark taken with the coil

having air cores is about 9000 per second, and in (2) the ap-
proximate magnitude of the current during the first discharge
with the iron cores, 15 amperes.

It would be impossible in the course of a short note to de-
scribe in detail the work that has been done, but in numerous
experiments (over three hundred spark photographs have been
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taken) that have been made, the iron has been found to behave
in the same way under these oscillating magnetisations as it does
when steady currents are used to produce magnetising forces of
the same intensity. In most experiments single layer coils have-
been used in which the magnetising forces due to a given cur-
rent can be calculated, and it has been possible to determine
approximately the forces acting on the iron. From the results,

curves showing the variation in permeability with magnetising
force have been plotted. In some experiments, the magnetising
current due to the discharge has been as large as 1000 amperes.
In order to obtain discharges as powerful as this, a very large

glass-condenser has been used with a total capacity of 15
microfarads, made up of plates of glass (coated with shellac)

I '6 mm. (1/16") thick. The conducting surfaces are of tinfoil.

The glass appears a great deal stronger than that used by Prof.

Trowbridge, as it has been tested repeatedly at 20,000 volts. It

is possible, however, that the suddenness with which his con-
denser is charged from his cells may account for the readiness
with which the glass breaks. In my experiments the condenser
was charged by a large Wimshurst machine of 160 plates, which
took almost half a minute to get up the full potential of 20,000
volts. The glass used is known technically as 15 oz. 3rds
selected flat sheet, and was obtained from Messrs. Malloch, of
Glasgow. E. W. Marchant.

Blythswood Laboratory, Renfrew, August 7.

Function of the Whips of the Larva of the
Puss Moth.

Y.OUR correspondent (p. 389) will find a detailed account of
the various defensive appliances of the larva of Centra vinula
in Prof. Poulton's work on the "Colours of Animals " (Inter-

national Science Series), and in papers published by him in the
Transactions of the Entomological Society of London for 1886
and 1887, the latter papers being illustrated by beautiful coloured
plates.

It is usually believed by entomologists that the function of
the " whips" in the caudal appendages of the larva is to drive

away, or frighten away. Ichneumon Flies or other enemies, but
there is still room for further inquiry ; and although the larva is

highly protected, it is liable to the attacks of .some species of
Ichneumon Flies, though it may be able to defend itself against
others, for the protection of no animal is absolutely complete.
The appendages are doubtless homologous with the retractile

fleshy fork in the neck of the larvoe of the Swallow-tailed
Butterflies (Papilionidae), which probably fulfils a similar

function. W, F. Kirby.
Hilden, Sutton Court Road, Chiswick.

The Migration of Swifts.

On the morning of Friday, August 10, I witnessed a large

flight of Swifts travelling westward along the Sussex coast. The
birds were passing this place in a continuous though thin stream
for several hours ; I saw them myself from 10 a.m. when I first

visited the shore, and watched them till 12 noon. A few birds

were also noted travelling in the same direction between 5 p.m.
and 6 p.m. The day was bright but showery, and a fresh

W.N. W. breeze was blowing at the time, so that the birds were
flying almost against the wind ; they flew low, seldom rising

fifteen feet in the air, and often passing within two feet of my
head as I lay on the shingle ; they kept to the coast-line and
for the most part over the top of the fringe of tamarisks that

here stretch for miles just above the shingle. Since that day I

have not seen a single Swift in the neighbourhood, in spite of
having travelled on my bicycle as far west as the mouth of

Chichester Harbour along the coast, and to various places north
of this line as far as Chichester and Arundel inland. It would
be interesting to know if other observers witnessed any similar

flights on August 10, and also if Swifts are still to be seen in any
places in our islands at the present time. I have on two previous

occasions seen Swifts arrive on the east coast of Norfolk as late

as the first week in September (after a complete dearth of the

birds for some three weeks), and depart again after a few days'

sojourn—these perhaps are migrants from the European conti-

nent. As many of your readers are now doubtless at the seaside,

it seems a favourable opportunity to ask them to keep their eyes

open and record any facts that they may observe bearing on the

movements of the.se birds. Oswald H. Latter.
East Preston, near Worthing, August 19.
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UNITS AT THE INTERNATIONAL ELEC-
TRICAL CONGRESS.

T the suggestion of Prof. Hospitaller, Section I. of

'- the Congress agreed that the following should be

the members of the Commission on Units :—Messrs.
Ayrton (Great Britain), De Chatelain (Russia), Dorn
(Germany), De Fodor (Hungary), Eric Gerard (Belgium),

Hospitaller (France), Lombardi (Italy), Kennelly (United

States) ; and at the first meeting of the Commission, on

August 21, which was attended also by Prof. F.

Kohlrausch and Sir W. Preece—whose names had been

added to the list of the Government delegates for Ger-

many and England—a report presented to the Congress

by the American Institute of Electrical Engineers was

taken into consideration. This report had been drawn up

for that Institute by a committee appointed for this

purpose, and it contained the following resolutions :

—

(i) We consider that it is necessary to give names to

the absolute units in the electromagnetic and electro-

static systems, as well as convenient prefixes to designate

the decimal multiples and submultiples of these units in

addition to those already in use.

(2) The International Congress of Electricians, which

will take place this year in Paris, should be invited to

choose the names and the prefixes.

(3) A great advantage would be gained by a rational-

isation of the electric and magnetic units, and the Con-
gress should be invited to find ways and means to obtain

such a rationalisation.

The proposition to rationalise the units—that is, to

change them so that the coefficient \n should not appear

—was withdrawn by Dr. Kennelly on behalf of the

United States ; as well as the suggestion regarding the

employment of prefixes, and it was resolved that :—
The Commission will only deal with propositions

that will introduce no change in the decisions arrived at

at previous congresses.

A long discussion then took place as to whether it was
really necessary to give names to the C.G.S. units either

in the electrostatic or the electromagnetic systems, and
finally it was agreed to withdraw the proposition so far

as it dealt with the electrostatic system.

The desirability of giving a name to the unit of

magnetic field and to the unit magnetic flux was strongly

urged, and as the names of Gauss and Weber had been
employed for some years in America for these units

respectively, the advantage of adopting these names for

the C.G.S. units of field and flux was advocated. On
the other hand, the resolution arrived at by the Electrical

Standards Committee of the British Association in 1895
to employ these names respectively for other units was
pointed out. Finally, the Commission, at the end of

their second sitting, on August 22, recommended the

following :

—

"The Commission is not of opinion that it is necessary

to give names to all the electromagnetic units.
" However, in view of the use already of practical

instruments which give the strength of a magnetic field

directly in C.G.S. units, the Commission recommends
that the name Gauss be assigned to this unit in the

C.G.S. system.
" The Commission proposes to assign to the unit of

magnetic flux, of which the magnitude will be subse-

quently defined, the name of Maxwell."
These resolutions were brought before Section I. of

the Congress on August 24, and led to a long discussion.

M. Mascart opposed the giving a name to the C.G.S.
unit of magnetic field. The employment of practical

instruments for the direct measurement of the strength

of magnetic fields in C.G.S. units was not, in his opinion,

a sufficient reason for assigning a name to that unit.

Besides, this decision of the Commission appeared to be
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contrary to the spirit of the Congresses of 1881 and 1889,
which did not give the names of men to the C.G.S.
units. He admitted that the name of a man might be
given to the practical unit. In any case, the name of
"Gauss" seemed to him liable to give rise to confusion,
for Gauss was the originator of the first absolute system
employed, viz. that of the "millimetre-milligramme-
second " system, and that system, as distinguished from
the " centimetre, gramme, second " system, was still in

actual use in certain cases—for the measurement of the
earth's field, for example.

Prof. Kohlrausch said that the "absolute units" were
enough for the physicists, but that, if the engineers felt

the need of practical units, Dr. Dorn and he did not
see that any inconvenience would arise from names being
given to them, such as those of Gauss and of Maxwell,
for example. The German delegates could not, how-
ever, commit their Government in the matter, and they
considered that the Congress should limit its recom-
mendations to the use of these new names without
seeking that legal sanction should be given to them.

Prof Ayrtonagreed with M. Mascart, and mentioned that
during the past five years many " Ayrton-Mather Field
Testers " had been constructed to read off the strength
of a magnetic field directly in C.G.S. units, but that no
need for any special name for that unit had been felt in

connection therewith. He added, however, that, while
holding the opinion expressed by M. Mascart that it was
not desirable to give the names of persons to the C.G.S.
units, the units of field and flux had this peculiarity, that

without any multipliers they were the practical units

adopted.
To this M. Mascart replied that the word " practical "

in this connection was ambiguous, since, although it was
true that the C.G.S. units of magnetic field and flux were
employed in practice, they did not belong to the so-called

"practical system."
M. Hospitaller appealed to the Section to give names

to the unit of field and the unit of flux. He did not ask
for any legal decision in the matter, for the names
were put forward as a simple recommendation to the

Section.

After a discussion in which Messrs. Ayrton, Carpentier,

Dorn, Hospitaller, Kohlrausch, Mailloux, Mascart, A.
Siemens, Silvanus Thompson and others took part,

Prof. Eric Gerard stated that in his opinion it was
desirable to come first to a decision that names should

be given to the C.G.S. units of magnetic field and to flux

of magnetic induction.

M. Mascart, expressing his approbation of this idea,

the president of the Section, M. Violle, put the following

proposition formally to the meeting :

—

"The Section recommends the adoption of specific

names for the C.G.S. units of magnetic field and of

magnetic flux." This proposition being adopted, with

only two dissentients, the meeting was adjourned for a

short time to enable the members to exchange their views

regarding the exact names that should be employed. On
the meeting reassembling, the president put the two
following propositions successively :

—

(i) The Section recommends the adoption ofthe name of
Gauss yj?r the C.G.S. unit of magneticfield.

(2) The Section recommends the adoption of the name of
MAXWELL/<7r the C.G.S. unit of magneticflux

,

both of which were adopted with only two dissentients.

On the same afternoon these resolutions of Section I.

were submitted to the Chamber of Government Delegates

to the Congress and adopted, and finally, at the closing

meeting of the Congress on Saturday, August 25, the

action which had been taken in the matter was formally

reported by M. Paul Janet, one of the two secretaries of

the Congress.
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THE AMERICAN INSTITUTE AND THE
ENGLISH INSTITUTION OF ELECTRICAL
ENGINEERS IN PARIS.

STARTING with a trip in electric launches up the

Thames on Sunday,. August 19, a lunch at Henley,
visits to electric works in London and its neighbourhood
on Monday, a dinner in the evening with many Anglo-
American patriotic speeches, a trip to Chatham on
Tuesday, inspection of the dockyard, a second lunch,

more speeches, and a reception by General and Mrs.
Fraser in the afternoon, the members of the two electrical

societies prepared themselves to encounter a somewhat
blowy passage in journeying together to Paris.

On Thursday, August 16, the formal joint meeting
was held in the large hall of the American Pavilion at

the Exhibition, with Mr. Carl Hering, the president of

the American Institute, and Prof. Perry, the president

of the English Institution, as joint chairmen. The
American, unlike the British Royal Pavilion, is a large

circular building stretching uninterruptedly from floor to

dome with a series of galleries running round it, and it

is fitted up as a kind of huge commercial club, whereas
the British Pavilion has been designed to represent an
old English manor house, and contains a loan collection

of the finest examples of the British school of painting,

chiefly of the eighteenth and early nineteenth centuries.

When one remembers the invasion of England with

American machinery—especially electric machinery

—

one envies the commercial mstincts that have produced
the American Pavilion, with all its facilities for aiding
commerce, its lifts, the doors of which magically glide

open and shut again on touching a button, and in which
you are rapidly and noiselessly wafted to any of the
many galleries.

In our Pavilion, on the contrary, commerce has been
relegated to a top room, reached by a back staircase,

entered literally through a back door, and the lift con-
nected with this commercial room has not advanced—
and never will advance—beyond the construction of the
well for it. But walk in at the front door, and you can
feast your eyes on the work of Gainsborough, Reynolds,
Romney, Constable, Turner, Lawrence, Hoppner, Opie,
Hogarth and of others ; and, after the roar of the Exhibi-
tion, the grinding of the moving platform running all

round it, and the rumbling of the electric railways, you
feel as if you had passed out of the whirl and money
making of a factory into the peace and grandeur of
Westminster Abbey. Why, however, has the British
Royal Commission made so little use of this treasure on
the Quai dOrsay ?

Mr. Hering welcomed the members of the two elec-

trical societies present, and expressed the hope that this

meeting might be the forerunner of many joint meetings,
the next of which he hoped to see held in the United
States, and an invitation to attend that meeting he
daintily expressed in English, French and German.

Prof. Perry followed, and stated that, although no
minutes could be read of any previous joint meeting,
minutes of the present meeting were being taken, as he
felt sure that there would be another joint meeting at
which they would have to be read.

Prof. Mascart rose to express the thanks for the honour
which the English Institution had done him in electing
him one of their four vice-presidents some months ago.
He hoped that not only might there be a joint meeting of
the two societies in the United States— at Philadelphia,
for example—but that it would be one at which all the
Institutions of Electrical Engineering in the world would
be represented. And although he feared that advancing
age might prevent his being present, he would none the
less co-operate in spirit.

The special subject dealt with at the present joint
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meeting was:—"The Relative Advantages of Alternate

and Continuous Current for a General Supply of Elec-

j
tricity, especially with regard to Interference with other

Interests," and the discussion was opened by Mr. Ferranti.

He stated that this was not a continuation of the old con-

tention between the relative advantages of direct and
alternating current, for the rivalry which formerly existed

between the two systems, and which led the advocates of

the one to regard everything as absolutely wrong which
was done by the advocates of the other, was luckily dying
out. Engineers had begun to realise that the direct and
the alternate current systems of electric distribution had
each their separate functions, and the object of the pre-

sent discussion was to elicit an expression of opinion as

to whether the " interference with existing interests" did

not furnish an important consideration in the choice of

the system to be adopted in a particular case. It was not

merely, he urged, the damage to water and gas pipes that

was 7toiv being caused by the employment of the direct

current that had to be taken into account, but they had
to bear in mind the value of the underground property

that might be injured ten years hence if the great develop-

ment of the distribution of electric energy, which must
necessarily take place in that period, were carried out on

a wrong plan. He concluded by expressing the opinion

that the difiference in the magriitude of the disturbance

caused by the two kinds of current was very great.

Mr. Arnold next spoke as a member of the American
Institute— it being arranged that representatives of the

two bodies should speak alternately. He drew attention

to the difficulty of using the alternate current for general

distribution arising from the inability to satisfactorily

balance the load, and he considered, therefore, that the

direct current system was the better. And, in view of

the difficulties which attended the employment of the

alternating current for driving electric tramcars, he con-

sidered that in this case also the direct current was the

one to be adhered to.

Sir William Preece reminded the meeting that he has
not given his adhesion publicly to either the direct or the

alternating current system, and, therefore, that he was
in a position to speak quite impartially. He considered

that the interference of alternating current circuits with

telephone lines could be entirely overcome by the em-
ployment of a metallic return for the telephone, but it

had to be admitted that the surgings which occasionally

took place in alternate current circuits disturbed the

block signalling on railways. He referred to a case in

France where the triphase alternate system of working
had supplanted the direct current one, and suggested that

this was an indication of the increasing appreciation of

the former method, and that the capacity of long cables

introduced a serious difficulty with alternate current

transmission.

The variety of frequencies employed by the various

companies—the London Electric Supply Company, for

example, using a frequency of 67, while the City of

London Company employed 97—he regarded as ob-

jectionable, and he hoped that this joint meeting would
deal with the importance of arriving at a uniform

standard of frequency. He also suggested that the

relative advantages of underground and overhead
conductors might well occupy the attention of the

meeting.
Dr. Kennelly spoke of the relative fields for direct and

alternating currents, and gave as an example that with

an isolated plant of moderate size a direct current at a
pressure of loo volts might be employed, while if the

area to be dealt with was larger, the current might still

be direct, but a pressure of 200 or 2.:0 volts would
have to be resorted to, whereas when the area became
large, transformation became necessary, and for that the

alternating current was, of course, especially well adapted.
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He referred to the growing use of high pressure alter-

nating currents for transmitting power to tramways,
and performing a double transformation for supplying

the low pressure direct current for driving the electro-

motors on the cars ; and he considered that this un-

necessary complication arose from the tramway motor
having been developed as a direct current motor, and
from the difficulty that would now be experienced in

replacing the many tens of thousands of direct current

tramway motors with an alternating current type. In

the case of new tramways and railways, at any rate,

he looked forward to the time when the alternating

current would alone be employed, but he admitted that

the electric simplification would be accompanied with
greater risk of shock and danger to life.

As to the interference that might be caused by electric

tramways to magnetic observatories, he thought that, in

view of the far greater commercial importance of the

tramway, the magnetic observatory would have to give

way, and remove its apparatus to a place where electric

tramways were not required by the public.

Prof Ayrton expressed the view that, since no doubt
existed as to the considerable damage that electrical under-
takings had caused to underground pipes, telephones,

submarine cables and magnetic observatories, the question

arose whether an endeavour was to be made to prevent the

attack or to strengthen the defence. In the case of tele-

phone circuits the Joint Committee of the two Houses of

Parliament in England had decided that since—wholly
apart from the advent of electric tramways—the Tele-

phone Companies had realised that, in order to prevent
interference between the telephone lines themselves,
as well as to prevent the disturbance caused by neigh-

bouring telegraph lines, it was necessary to abandon the

earth-return and employ a metallic return, and since

such a metallic return would shield the telephone circuit

from disturbance that might otherwise be caused by
electric tramways, there was no necessity to debar the

tramway from employing the earth.

But as regards the electrolytic destruction of gas and
water pipes the matter was quite different, and, therefore,

the Board of Trade had imposed a regulation forbidding

the difference of potential between any part of the rail

and the terminal of the dynamo being allowed to exceed

7 volts. Prof. Ayrton pointed out,: however, that this

limit was too high even to prevent electrolysis, and cer-

tainly would not prevent the mutilation of messages
received through a submarine cable which was landed in

the neighbourhood of an electric tramway, as instanced
at the Cape of Good Hope.
He questioned whether the security anticipated by Mr.

Ferranti and others that would follow from a general
substitution of alternating for direct current would be
nearly as great as was imagined, and he referred to the

experiments which he had published some years ago on
the comparatively rapid production of separated hydrogen
and oxygen that could be obtained in an ordinary
sulphuric acid voltameter, through which an ordinary
alternating current was passing. The specimen of a pipe
corroded with an alternating- current of one ampere
passing for six weeks lying on the table, and which had
been sent to the meeting by Mr. Trotter, of the Board of
Trade, was an important illustration of the electrolytic

action that could be produced with the commercial
alternating current supplied by the London Electric

Supply Company.
A magnetic observatory was in a more serious position

still, since, as the undisturbed magnetism of the earth

had to be measured, no system of defence could be
utilised, and nothing short of the absence of attack could
be satisfactory. He was glad, therefore, to say that the

Electric Tramway Companies in London, thanks to the

action of the Board of Trade in appointing a joint com-
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mittee to represent the commercial and the tramwray
interests, and thanks to the experiments and the negotia-
tions carried out by this committee during the past eight
months, had not regarded the preservation of magnetic
records from the drastic point of view advocated by Dr.
Kennelly. In fact, the president of their Institution,

Prof. Perry, in co-operation with Prof. Riicker, had suc-

ceeded in inducing the London Tramway Companies to

propose a scheme in which, first, all the lines within a
radius of two miles round the Kew Observatory should
be divided up into absolutely distinct one mile sections

;

secondly, that the current should be led to the trolley

wire and withdrawn from the rails at the 7niddle of each
of these sections ; and, thirdly, the difference of potentials

between the rails and the earth withm this two miles
radius should never be allowed to exceed one-fifth of a
volt. And with these conditions, calculation showed
that, although the protection afforded would not, of course,

be as good as that obtained with a wholly insulated

system, it would be probably sufficiently great to prevent
any appreciable interference being caused with the
magnetic observations regularly taken at the Kew^
Observatory.
M. Corda thought the adoption of the alternate or the

direct current was mainly a matter of cost, and since the
Fire Insurance Companies allowed the maximum pressure
to be used with the alternating current to be only half as
great as with the direct current, he considered that as
long as that regulation lasted the direct current must
gain the day.

Prof. Crocker said that the interference produced by
an electric circuit on another undertaking might be
divided into that produced by induction and that pro-

duced by leakage. The disturbance of the apparatus in-

a magnet observatory was due to both causes, but, as
there were so few magnetic observatories in the world,

that particular disturbance might be dismissed fron^

consideration. With alternating currents the disturbance
produced by induction was the more serious because
this induction set up currents in other wires, and it was,

therefore, very difficult to avoid. With direct currents

the leakage disturbance was the more serious, but it was
possible to prevent this. Some time ago he had had
occasion to test the insulation of the whole of the New-
York electric lighting system, which was split up into

sections for this purpose, and he found that the current

which leaked to earth did not exceed one per cent, of the

current that was supplied to the houses, whereas with the

gas system in New York from lo to 20 per cent, of the gas
was lost by leakage. Consequently, since very high

insulation could be obtained with the type of under-

ground cables that were employed with high pressure

work, it followed that the leakage on the low pressure

electric light system employed in New York could be
reduced to a still lower value than one per cent. Further,

that if it were possible in London to reduce the potential

difference between the rails and the earth to only half a
volt, he should imagine that electrolysis might be

avoided even with the ordinary trolley wire tramway.
He was, therefore, in favour of employing the direct

current for the purpose of avoiding interference with

other interests.

But he considered that the considerations of economy
and efficiency were more important than those regarding

interference, and, while the three-phase and the direct

current motors of the same power had the same effi-

ciency from half up to full load, the direct current motor
was the more efficient for small loads. Further, while

for constant speed the regulation with both types of

motor was about the same, the direct current motor
had a distinct advantage in regulation when the speed

was variable. On the whole, therefore, he was in favour

of the use of a direct current system of electric supply.
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Mr. Mordey, on account of lack of time, dealt shortly

with the drop of pressure along the rails of an electric

tramway, and stated that he had found that when the

length was even 28 miles, the difference of potential be-

tween any parts of the rails and the generating station

could be kept down to 7 volts ; and he referred to the

much greater attention that was given in England than

in America to reducing the maximum drop of pressure

along tramway rails. The employment of rotary trans-

formers, as on the new Central London Railway, he
deprecated as a makeshift, and suggested that, if the

cost of all the transformers employed along the 6 miles

of the route had been capitalised, it would have paid the

company to have employed far thicker conductors. As
regards the difficulty arising from the capacity of long
underground cables traversed with alternate current, he
pointed out that no difficulty in overcoming the effects of

capacity had ever been met with in dealing with the 250
miles of underground cable in St. Petersburg. The
Board of Trade had succeeded in using such instru-

ments in their laboratory at Westminster that no inter-

ference could be caused by the construction of any electric

tramway in the neighbourhood ; therefore, he deplored
the resistance that had been successfully offered a few
years ago by a London college to the passing of a Bill for

the construction of an underground electric railway near
that college.

Mr. Mailloux pointed out that the small power-factor
obtainable with alternate current motors, and the greater
change in speed with a change in the E.M.F. that was ex-

perienced with alternate current than with direct current
motors, was a serious objection to the employment of the

former, and he instanced a case where the large current

that was necessary for starting an alternate current motor
had led him to adopt a direct current system in a sugar
factory where 2000 horse-power was employed. The
Fire Insurance Rules in the United States, which com-
pelled the use of iron conduits, but which did not require

that both the going and return conductors should be
enclosed in the same iron tube—a condition, however,
rendered necessary if alternate currents were employed
—led to an important economy being obtained by using
two separate conductors in separate iron tubes, which
was, of course, quite possible with a direct current.

Prof. S. p. Thompson expressed his surprise that in

wiring ships for electric lighting, where the possible
disturbance of the compasses was a vital consideration,
the direct current and two pole machines, the worst
type to use, had been frequently employed even by the
best firms, like that of Messrs. Siemens. He looked
forward to seeing the use of multipolar machines on
board ship, and of the alternating current ; for not only
would the compasses be then secure from disturbance,
but there would be much greater freedom from electrolysis

in damp places, and therefore of fire. He pointed out
that the alternate current lent itself so readily to the use
of efficient lota voltage glow lamps combined with
economic ^I'j^/t voltage transmission ; and finally that,

since it was impossible to employ any device to screen a
magnetic observatory from magnetic disturbance, since
such a device would cut off the effects produced by
variations of the earth's magnetism which the observatory
existed to measure, there was a strong reason for running
electric tramways with alternating current in any city

where a magnetic observatory existed.

At the close of the preceding discussion, M. Hospi-
tal ier, Mr. Gavey, Mr. Hering and General Webber
referred to points of special and novel interest in the
several electrical sections of the Exhibition, in connection
with which they had served as jurors ; and in the after-

noon these gentlemen acted as guides in taking parties
of members of the two electrical societies to view the
exhibits which had been specially mentioned.

NO. 1609, VOL. 62]

THREE BOOKS OF POPULAR NATURAL
HISTORY}

MR. HUDSON has never written any book that is

not extremely pleasant to read, though since he-

settled in England he has never had so much to tell us
as was told in his " Naturalist in La Plata." That book,

though it may not be his own favourite, will always, if

we are not mistaken, be reckoned as his best ; and the
reason is simply that it treated of animal life among
which he was entirely at home, and of which we knew
little or nothing. His English books have not this

quality, though they have many other excellences. The
one before us, for example, is charmingly written, full of
grace and feeling, touched with a tender and sympathetic
imagination, made piquant by a certain quite inoffensive

egoism ; but, as we read in his pages of the South
Downs, we are forced to recognise the fact that he is not

of them. He is a stranger there—a most appreciative

one, it is true—but still a stranger. It is perhaps given-

to few who have not been bred among the Downs to-

enter fully into their spirit, and we will not deny that

Mr. Hudson, rambling alone through their sweet air and
lying on their delicious turf, has caught it as none could

do without rare gifts of sympathy and observation ; yet

there is something missing. ,

It IS not pleasant to have to find fault with a book so-

readable ; but a naturalist cannot but regret that Mr.
Hudson should have given himself up so entirely to

impressions throughout a volume of just three hundred
pages, that no real contribution to natural history is to-

be found in them. He notices an interesting point,

writes a charming paragraph about it, and leaves it,,

sometimes without making it clear what plant or creature

he is talking about. To take an example : he has ob-

served that the banded variety of Helix neinoralis is

almost the only one to be found on the high downs, andi

that its bright coloration does not save it from the
thrushes ; but he does not pursue this fact, which has-

attracted the attention of conchologists and suggested!

at least one interesting explanation. Snail life on the

downs is, indeed, so extraordinarily abundant, that a book,

which contains so much pleasant reading about the down
turf is hardly complete without a chapter specially de-

voted to it. The same may be said of his remarks on-

insect life ; he tells us of the common blue butterfly,,

and its habit of clinging to the bents, but of other blues

he says nothing ; a skipper is mentioned, but we are

left in the dark as to the species. In writing of a certain

fly, he declares that neither books nor entomologists

have been able to tell him its name, and leaves it with

a few words of good-natured contempt for the specialism,

of the present age. A little more exactness in a book
by a naturalist, which naturalists may be expected to

read, would have greatly added to its permanent value.

Even men of letters may complain when they find an-

allusion to Arthur Young's famous " Tour through Great
Britain in 1727." What book can this be ?

The best chapters are those which deal with the birds

and the human beings of the downs. Shepherds and
shepherd boys are delightfully pictured ; and Mr.
Hudson has discovered for himself the pleasing habit of

the ruddy-faced shepherd lads in adorning themselves
with wild flowers. About the birds he has plenty to tell

us— it is his own subject ; and the chapter on " Shep-
herds and Wheat-ears " will be read by all ornithologists

with mingled pleasure and pain. All that he writes of

the singers of the downland is beautiful and true; per-

haps the songs of the stonechat and whinchat have never

> "Nature in Downland." By W. H. Hudson. Pp. xii -f- 307. (London:
Longmans, Green and Co., 1900 )

"The Birds of Cheshire.'^ By T. A. Coward and Charles Oldham.
Pp. 278. (Manchester : Sherratt and Hughes, 1900.)

"In Birdland, with Field-glass and Camera." By Oliver G. Pike.

Pp. xvi -I- 280. (London : T. Fisher Unwin, 1900.)
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been so well described. Of the linnet, too, he says most
truly that it has one note, and only one, of almost un-

approachable musical beauty. The singing of the sky-

larks, that invariable accompaniment of down life, is

described with all Mr. Hudson's wonderful sympathy
and delicacy of language ; but what are we to say of

his belief that the highest notes of this bird maybe heard
on the downs at a distance of three miles ? It is a belief

which it would hardly be possible to test.

" The Birds of Cheshire " is an excellent book of its

kind. The first essential of such a compilation is that it

should be unimpeachable as a record ; and, so far as we
can discover, the compilers have here used both pains

and judgment in testing the records of others, while their

own experiences are recorded simply and faithfully. Thus
a real step is gained in the collection of valuable material

for that comprehensive work on the distribution of birds

in these islands which we may hope to see in due time.

There is no superfluous matter in this volume, and no

— Bearded Tit feeding young.

attempt at fine writing ; and excellent paper, print and
binding combine to make it a very pleasant book to

handle. The half-dozen plates of Cheshire scenery are

very effective, and nothing is wanting, unless it be a
rather better map of the county.

The avifauna of Cheshire, as the authors remark, is

surprisingly poor ; the county does not lie upon any
regular line of migration. It is too far north for the

nightingale, which has seldom occurred, though we note
that it has been recorded by that excellent observer, Rev.
C Wolley-Uod. The lesser whitethroat, as might be
expected, is not common, nor is the grasshopper
warbler. We should have expected the pied flycatcher

to be more common than seems to be the case ; the tree

sparrow, a bird of peculiar distribution, has probably
been often overlooked. The goldfinch and linnet are

decreasing in numbers, but the opposite is the case with

the turtle-dove. The list of waders, gulls, and birds of

the coast, is not very large, and we regret to find that
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the ubiquitous golfer is contributing to its further

diminution. The characteristic bird of the county is a
noble one—the great crested grebe, which is widely
distributed ; and in dealing with it the authors have
allowed themselves some half-a-dozen pages, which will

be welcome to all ornithological readers.

Mr. Pike's little book bears the same relation to his

photographs as a popular lecture does to its lantern
illustrations : i.e. it is of secondary interest. Photo-
graphy, applied to birds and their nests and eggs,
seems to be a most attractive pursuit, leading its

votary often to spend hours in the endeavour to catch a
bird at some opportune and interesting moment, or to

find the nest on which he has set his heart. It should
certainly be useful in training the faculty of observation,
and in assisting the memory ; and it may become a
most welcome substitute for the predatory habits of
private egg-collectors, who are perhaps the most dan-
gerous enemies of our rarer birds. The actual contribu-

tion to zoology, however, does not seem as yet to have
been great, and it is quite possible that before long we
may have too many books on the subject. Mr. Pike's

is, however, so unpretending and so pleasantly written,

that it will no doubt be welcome to many beginners in

ornithology who wish to learn where and how to look for

nests, and a few of his experiences and his photographs
will be interesting even to the more experienced. Part

iv., on Norfolk birds, is perhaps the most valuable

section of the book, and of the three photographs which
Mr. Pike succeeded in taking of the nest of the bearded
tit we select one for reproduction, as a favourable
specimen of his work.

THE INTERNATIONAL CONGRESS OF
MA THEMA TICIANS.

A CONGRESS of mathematicians was held at Chicago
^^ during the World's Fair ; but this was an isolated

one. The series of international congresses was in-

augurated at Ziirich in 1897, and the second congress of

this series met in Paris from the sixth to the eleventh

of the present month. About 225 mathematicians of

various nationalities, with 25 members of their families,

were present. It had been expected that the numbers
would be very much greater, as many as one thousand
provisional acceptances having been received before last

December ; the diminished attendance was doubtless due
partly to the great heat of the preceding month, but prob-

ably in greater measure to the fear of exhibition crowds
and e.xhibition extortions. It had been supposed that the

Exhibition would attract people to the Congress ; on the

contrary, it seems to have kept them away. The com-
position of the Congress was certainly international ; the

numbers of members from the different countries were
approximately as follows :—France, 90 ; Germany, 25 ;

United States, 17; Italy, 15; Belgium, 12; Russia, 9;
Austria and Hungary, 8 ; Switzerland, 8 ; England, 7 ;

Sweden, 7 ; Denmark, 4 ; the remainder being from

South America (4), Holland, Spain, Roumania, Servia,

Portugal, Turkey, Armenia, Greece, Canada, Mexico,

Japan.
The actual business was preceded by a reunion at the

Cafe Voltaire, on the evening of August 5, when about

half the members were present. The proceedings proper

consisted of two general meetings on Monday and
Saturday, with sectional meetings on the four inter-

vening days. The opening general meeting had been

announced for 2.30 p.m., August 6, in the Palais des

Congr^s in the Exhibition grounds : but unfortunately

some action on the part of the Exhibition authorities

necessitated changing the hour to the morning, and this

change was decided upon too late to be communicated to

all the members, many of whom had not even arrived in

Paris at that hour. Thus a considerable number of the
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nnembers were unable to be present at the first geheral

meeting, which was held on August 6 at 9.30 a.m. M.
Hermite was acclaimed president d'honneur ; M. Poincard,

president ; the vice-presidents (some in absentia) were
announced as MM. Czuber, Gordan, Greenhill, Lindelof,

Lindemann, Mittag-Leffler, Moore, Tikhomandritzky,
Volterra, Zeuthen, Geiser. The secretaries were MM.
Bendixson, Capelli, Minkowski, Ptaszycki, Whitehead

;

the general secretary, M. Duporcq.
M. Poincare, on taking the chair, spoke a very few

words of greeting, and then called upon the speakers of

the day. M. Cantor, in his address, " Sur I'historio-

graphie des mathematiques," sketched the development
of this subject through Montucla (toujours un module
que tout historiographe des sciences doit suivre),

Kaestner, Cossali, Bossut, Chasles, Libri, Nesselmann,
Gerhardt, Arneth, Hankel, Boncompagni, up to authors

of the present day. He expressed the firm conviction

that the history of mathematics, from the beginning of

Lagrange's work, can only be written as a series of special

histories, with a final volume (Histoire des Idees) co-

ordinating the whole. M. Volterra, "Trois analystes

italiens, Betti, Brioschi, Casorati, et trois maniferes

d'envisager les questions d'analyse," compared and con-

trasted the work of these three mathematicians, and con-
sidered the influence their differing lines of thought and
expression have had on the development of Italian

analysis.

Six sections had been arranged, with meetings extend-
ing over four days. While in general two sections were
sitting at the same hours, yet matters were so arranged
as to avoid, as far as possible, the conflict of interests

that had been felt at Zurich, where only one day was
devoted to the sectional meetings. These six sections,

with their presidents and secretaries, were as follows :

—

(i) Arithmetic and .Algebra: Hilbert, Cartan
; (2)

.Analysis : Painleve, Hadamard ; (3) Geometry : Darboux,
Niewenglowski

; (4) Mechanics and Mathematical
Physics : Larmor, Levi-Civita

; (5) Bibliography and
History: Prince Roland Bonaparte, d'Ocagne

; (6)
Teaching and Methods : Cantor, Laisant.

Owing, however, to the unavoidable absence on some
days of the president of Section 5, and the small number
of papers in that section. Sections 5 and 6 sat together,

under the presidency, first of M. Cantor (Wednesday),
and then of M. Geiser (Friday) ; and at the Wednesday
morning sitting the two papers of most general interest

in the Congress were read. These were Hilbert's

address on the future problems of mathematics, valuable
as assisting the mathematician to orientate himself, and
Fujisawa's account of the mathematics of the old

Japanese school, of special interest as giving information,
not readily accessible otherwise, about a system of

mathematics that is now entirely obsolete. It appears
that the Japanese invented zero for themselves, and em-
ployed the circle as a symbol for zero ; that they used
imaginaries and complex numbers, and calculated the
value of IT correctly to forty-nine places of decimals. In
connection with this, M. Cantor remarked that the use of
zero is probably Baby.onian, and dates from about
1 700 15. c.

M. Hilbert considered the origin and nature of the
problems of mathematics the study of which is most likely

to prove profitable ; the characteristics of a proper solu-

tion ; and the methods of attacking any problem that
offers special difficulties. If the problem is really in-

soluble, then for the advance of mathematics it is

essential that the impossibility be rigorously demon-
strated. He illustrated his argument by means of
selected problems that invite attack—problems regarding
the axioms of arithmetic and of physics, prime and
transcendental numbers, questions in the theory of
functions, and the determination of the arrangement of
the circuits that an algebraic curve can possess

;
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referring to a paper about to appear in the Nachrichten
der Kgl. Gesellschaft der Wissenschaften zu Gottingen,

1900, for a more complete list of definite problems that

demand investigation.

Much interest was displayed in the papers read by M.
Mittag-Leffler at the Tuesday morning sitting of Section
2, " Sur fonction analytique et expression analytique,"
" Sur une extension de la s^rie de Taylor." The domain
of an ordinary power-series is a circle that reaches to
the nearest singular point ; at all points inside this there
is convergence, at all points outside there is divergence ;

this the author generalised so as to obtain a certain

expression convergent within a particular region (an
etoile), and divergent without. He raised the question
whether an analytic expression can be found which shall

represent, throughout its domain of definition, an assigned
analytic function. A discussion followed between M M.
Borel, Hadamard and Painleve, as to the nature of the
connection between "analytic expression in a complex
variable jr" and " analytic function in jr." At the Thurs-
day sitting of Section i, M. Pade read a paper, "Apergu
sur les developpements recents de la th^orie des frac-

tions continues "
; in this he showed the dependence of

the expression of a function of .r as a continued fraction

on a certain diagram, in which each convergent is repre-

sented by a point whose co-ordinates are the degrees of
the numerator and denominator of the convergent ; and,
referring, to the discussion that followed Mittag-Lefiier's

paper, suggested that a continued fraction may be found
to be a suitable analytic form for any assigned analytic

function.

The Friday morning combined sitting of Sections 5
and 6 was to a great extent occupied by the discussion

of a resolution offered by M. Leau, urging the Academy
to consider favourably the adoption of a universal lan-

guage, not with a view to displacing any of the existing

languages, but as a scientific medium auxiliary to these.

Some such resolution has been brought forward lately on
several similar occasions by the advocates of the latest

artificial language, Esperanto. The discussion showed,
on the part of mathematicians, very little sympathy with

the suggestion, and very little recognition of a need for

any such medium. As one speaker remarked, mathe-
matics already has a universal language, the language of

formulas ; and the general sense of the sections was evi-

dently that the existing diversity of languages need
cause no real difficulty, so long as writers are willing to

confine themselves to English, French, German and
possibly Italian, this view of the case being formulated

by a Russian, M. Vassilief The only result of the dis-

cussion was the rejection of M. Leau's motion, and the

recording of a wish that the Academy would discoun-

tenance any unnecessary diversity in the languages
employed for scientific purposes. The four languages
enumerated by M. Vassilief are those officially recognised
in the meetings of the Congress, though it was notice-

able that a great many of the speakers chose to speak in

French, possibly out of compliment to their hosts.

Other communications of value, though of less general

interest, were the following :— In Section i, M. Ste-

phanos, Sur la separation des racines des equations
alg^briques ; in Section 2, M. Tikhomandritzky, Sur
I'evanouissement des fonctions e de plusieurs variables ;

M. Bendixson, Sur les courbes definies par les Equations

differentielles ; M. Jahnke, Zur Theorie der Thetafunc-
tionen von Zwei Argumenten ; in Section 3, M. Lovett,

On contact-transformations between the elements of

space ; M. d'Ocagne, Sur les divers modes d'application

de la methode graphique k I'art du calcul ; M. String-

ham, Orthogonal transformations in elliptic or in hyper-

bolic space ; M. Jamet, Sur le th^or^me de Salmon
concernant les cubiques planes ; in Section 4, M. Hada-
mard, Relations entre les caracteristiques reels et les

caract^ristiques imaginaires pour les Equations differ-
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•entielles k plusieurs variables independantes ; M. Vol-

terra, Comment on passe de I'equation de Poisson k

caract^ristique imaginaire k une equation semblable a

-caracteristique reel ; in Sections 5 and 6, M. Padoa, Un
nouveau syst^me irreductible de postulats pour I'alg^bre

;

M. Capelli, Sur les operations fondamentales de I'arith-

fti^tique. The attendance at these sectional meetings,

all of which were held at the Sorbonne, varied from 50
to 120.

The concluding general meeting was held at the Sor-

bonne at 9 a.m. on Saturday. The proceedings opened
with the sending of a message of greeting to M, Her-
mite, the president d'honneur of the Congress. It was
then unanimously voted that the next Congress be held

in Germany, in 1904, at the beginning or end of the

summer vacation, the place mentioned as probable being
Baden-Baden. M. Mittag-Leffler then delivered his

address, " Une page de la vie de Weierstrass," and
M. Poincar^ spoke briefly on the " Role de I'intuition et

de la logique en math^matiques," closing the proceedings
immediately afterwards with the few words, " La seance
est levee ; le congr^s est clos."

On the conclusion of the Tuesday afternoon sectional

meetings, members were received at the Ecole Normale
-Superieure, where a pleasant opportunity for social inter-

course was enjoyed ; and at noon on the day after the
closing of the Congress a banquet was held at the Salle

de TAthen^e-Saint-Germain, when about 160 members
sat down. In the absence of M. Poincard, the proceed-

fl ngs were conducted by M. Darboux ; speeches were
made also by MM. Geiser, J. Tannery, Stephanos and
Vassilief. A considerable number of members of this

and other scientific congresses accepted the invitation

of Prince Roland Bonaparte to a scientific soiree on
Saturday. A/^/^had been arranged by President Loubet
for Thursday evening, but could not be held on account
•of the funeral of the King of Italy ; the invitations were
consequently transferred to the/^/^ in honour of the Shah
on August 10.

It will be seen that very little business was transacted,
apart from the reading of papers. At the joint sitting of
Sections 5 and 6, it was asked what steps had been taken
to put into effect the resolutions of the Ziirich Congress
as to the formation of a committee to consider certain
-questions of bibliography, &c., these having been adopted
with the hope of ultimately consolidating mathematical
enterprise, and directing it into profitable channels. No
very satisfactory answer was forthcoming ; M. Laisant,
on behalf of the French Mathematical Society, replying
that they had done nothing in this line, having been
entirely occupied with making material provision for the
•Congress. He drew the attention of members, however,
to the announcement of the Annuairedes Mathematiciens.,
undertaken by Carre et Naud, 3, Rue Racine, which is

designed to be a complete register of all mathematicians,
with their addresses. It is much to be hoped that these
questions, raised at Zurich, will be dealt with in a
business-like manner at the Congress of 1904.

NOTES.
The Scientia Club gave a banquet to Lord Kelvin during

the International Physical Congress at Paris. M. Louis Olivier

presided over a distinguished company, and speeches in appre-

ciation of Lord Kelvin's scientific work were made by him and

-by Profs. Mascart and Cornu.

From the official report of the International Congress of

JElectricians at Paris, we see that two communications, by Mrs.

-Ayrtonand M. Blondel, were received with great appreciation.

Mrs. Ayrton's paper was on the luminous intensity of the electric

-arc with continuous current, and she showed that the best result,

•both from the point of view of luminosity and expenditure of
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energy, was obtained from an arc only a millimetre in length.

Demonstrations in illustration of this conclusion, and- showing
the absorbing and cooling effects of carbon vapour produced in

the arc, as well as the production and absorption of green and
yellow radiations, were given by Mrs. Ayrton at a special meet-

ing in the Ecole superieure d'Electricite. M. Blondel reviewed

the progress of electric lighting during the past ten years, and
made some very valuable remarks on arc lamps with alternating

currents, and on the carbons commonly used in arc lights.

In opening the business of Section A (Mathematical .and Phy-

sical Science) of the British Association at the forthcoming

Bradford meeting, we understand that Dr. Larmor will review

the change of ideas which has recently become current regard-

ing the scope and method of physical explanation. The bril-

liant experimental verification of Hertz has led to the acceptance

on the Continent of the views originated in this country regard-

ing the nature of electric actions and their dependence on the

tether ; but there has been a strong tendency to eliminate from

the exposition of the theory those dynamical explanations which
formed a main feature of its development in the hands of Clerk

Maxwell. It is of fundamental importance to consider how far

purely descriptive methods can thus avail towards an effective

formulation of general physical theory, without appealing to a

dynamical foundation of some kind. In all branches of the

subject the discrete atomic constitution of matter is reached

when we probe deep enough ; thus the method of representa-

tion of the physical activities of the material atoms, so far as

they can be known to us, is of the essence of a dynamical

treatment. This leads on to the cognate question,

whether denial of direct action at a distance necessarily

implies the passing on of all electric eflects from element

to element of the medium entirely by simple stress ; if that be

too narrow a scheme, the efforts that have been made towards

formulation on this basis were foredoomed to failure. The
scope and limitations of the method of statistical enumeration of

the activities of the atoms, which is the only one now available

in ultimate thermodynamic discussions, depend on considera-

tions of a different order. The modern extension of the range of

the principle of Carnot also requires us to face the question how
far the processes of chemical interaction between atoms, as

distinct from the properties of the molecules when formed, are

amenable to dynamical representation.—The general scheme

for the business of the section is to take physical papers of a

mathematical nature on Friday, September 7. On Monday,

September 10, the section will divide into two, dealing with

mathematics and meteorology respectively. On Tuesday a

discussion on ions will be opened by Prof. Fitzgerald. It is

also hoped to arrange discussions on the partition of molecular

energy, and on the relation of radiation to temperature, under

the thermodynamic aspect.

A Pasteur Institute has just been opened at Kasauli, a hill

station in the Punjab district, about thirty miles from Simla. It

is thus no longer necessary for a person bitten by a rabid animal

in India to journey to Paris for treatment by inoculation. The

treatment at the Kasauli Institute is to be given free of charge.

Prof. J. C. Bose, who has been attending the recent Inter-

national Congress of Physics at Paris as the delegate of the

Government of Bengal, will also attend the British Association

meeting at Bradford in the same capacity, and will there de-

scribe some electrical investigations with which he has lately

been engaged.

The following international congresses upon scientific subjects

will be held in connection with the Exposition at Paris during

September : 3-8, History of Religion ; 3-5, Basque Studies
;

3-4, Pharmacy SpeciaUties ; 10-16, Meteorology ; 10-12, Agri-
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culture; 10-12, Folklore ; 13-14, Fish Culture and Arboriculture ;

14-19, Agriculture and Fisheries; 15-20, Aeronautics ; 22-28,

Acetylene.

Prof. Giard, director of the biological station at Wimereux,

has been made Chevalier of the Order of Leopold by the Belgian

Government, as a recognition of the hospitality which he has

extended to Belgian students and naturalists at his laboratory

for many years.

Dr. J. VV. B. Gunning, the director of the State Museum at

Pretoria, speaks in high terms of the way in which he has been

treated by the new British authorities. He has not only been

confirmed in his post at the museum, but also materially assisted

in his efforts to add to it a zoological garden, which he had

planned before the outbreak of hostilities. It was to this (in-

cipient) garden that the celebrated lioness (now in the Regent's

Park Garden) was presented by Mr. Rhodes, but subsequently

returned to the donor by Mr. Kruger's order.

An international association for the promotion of psychical

research has been established under the title : Societe Inter-

nationale de I'Institut Psychique. A Bulletin has been issued

containing a report of the inaugural meeting held at Paris on

June 30, and explaining the objects of the organisation. The
Comite de Patronage includes the names of Prof. Mark
Baldwin, Prof. W. F. Barrett, Sir William Crookes, Prof. O. J.

Lodge, and Mr. W. H. Myers. The general secretary is

M. Yourievitch, Russian Embassy, Paris.

A MONUMENT to Bertrand Pelletier and J. B. Caventou,

renowned as pharmaceutical chemists, was unveiled at Paris, by

M. Moissan, ^during the recent International Congress of

Pharmacy. Caventou was born in 1795, and studied at the

Paris School of Pharmacy. While pharmacist at the St. Antoine

Hospital he met Pelletier, and their fruitful collaboration began.

Two years after discovering brucine and strychnine they were

able to announce the discovery of quinine, and with rare dis-

interestedness they made their work public by presenting an

account of their methods and results to the Paris Academy of

Sciences on September 11, 1820. In their memoir they stated

that they had succeeded in isolating cinchonine and quinine

from both yellow and red cinchona bark, and described the thera-

peutic properties of these substances. In 1827 the Montyon
prize of the Academy of Sciences was awarded to them in recog-

nition of their valuable discovery, and now the monument,

representing the two investigators together, stands to remind

observers of their joint services to science and humanity.

The International Meteorological Congress will be opened

at Paris on Monday, September lo, under the presidency of

M. E. Mascart, and will continue during the week. The
International Meteorological Committee, which met last year

at St. Petersburg, decided that it would convene, at the same
time as the Congress, the various committees appointed by the

Paris Conference in 1896. These committees are the fol-

lowing:— (i) Terrestrial Magnetism and Atmospheric Elec-

tricity. (2) Aeronautics. (3) Clouds. (4) Radiation and
Insolation. The first of these committees held an important

meeting at Bristol in 1898, the proceedings and resolutions of

which have been published in the reports of the British Associ-

ation. A great number of ascents, both with free as well as

captive balloons, have been made in different countries, for the

systematic investigation of the upper regions of the atmosphere.

Finally, the publication and discussion of the international

observations of clouds, made in 1896-97, will probably be

completed in 1900 in the majority of the countries taking part

in the same. From this it will be seen that communications of

very high interest will be brought before the Congress. The
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questions which will be dealt with are not restricted exclusively

to meteorology properly so-called : they will include, generally,

everything which affects the physics of the globe. The meetings

of the Congress and of the committees will be held at the

House of the Societe d'Encouragement, 44, Rue de Rennes,

where the International Conference met in 1896. Communi-
cations relating to the organisation or to the programme of the

Congress should be addressed to Mons. Angot, general secretary,

12, Avenue de I'Alma, Paris.

A Reuter telegram, dated Madrid, August 24, states that

twelve fragments of a meteorite have fallen on the boundary of

the provinces of Jaen, Cordova and Granada. The fall was
preceded by a series of loud detonations. One fragment,

weighing about a pound, which was picked up at Val, in the

province of Jaen, is said to be of hexagonal shape, grey on the

surface, and of a greenish colour inside.

As attempts are being made to found a domestic science, and
to introduce exactitude into the operations of the kitchen, a

note in the Monthly Weather Review recording the actual

experience of a housekeeper at Albuquerque, New Mexico, is

of interest. It appears that cooking recipes and practices

which are trustworthy not far from sea-level are worthless at

Albuquerque, the altitude of which is 4933 feet. Water boils

there at 202° F., instead of 212" F. ; hence articles of food, the

cooking of which depends upon heat applied through the

medium of water, require a longer time for cooking than is

given in the cookery books. On account of the extreme dry-

ness of the atmosphere, farinaceous foods, such as beans, corn,

&c., lose so much of their moisture that they have to be left for

a long time in water before cooking, in order to be softened.

But the worst difficulty is with cake-making. Ordinary recipes

as to number of eggs and amount of baking powder break down
altogether, and housekeepers have to modify them if they wish

their operations to be successful. As the barometric pressure

determines to what extent the disengaged carbon dioxide shall

expand and aerate the dough, this may explain the different

action of baking soda and egg batter. In any case, the observa-

tion is interesting, and chemists may find it worthy of their

attention.

La Nature of August 18 contains an article, by M. E. Roger,

director of the meteorological station at Chateaudun, near Paris,

entitled ** The Greatest Heat of the Century." A temperature of

103° 6 in the screen was observed there on July 27 of this year.

The nearest temperature to this hitherto recorded in the vicinity

of Paris during the last hundred years was loi^'S at Montsouris

Observatory on the 20th of the same month. At Poitiers in

July 1870, a temperature of io6°-2 was recorded. Among the

highest temperatures recorded in or near London are 95° '2 at

the late Mr. Symons' station, Camden Town, on July 16 last,

and 97°
• I at Greenwich in July 1881 ; in that month a reading

of 101° was obtained at Alton, Hants.

The Pilot Chart of the North Atlantic Ocean for August,

issued by the U.S. Hydrographic Office, contains a diagram

showing the path of the noteworthy cyclonic tropical storms of

the years 1898 and 1899, together with the time of their

duration, which varies from 2 to 39 days ; two of the storms

were traced entirely across the Atlantic. Taken collectively,

the several tracks exhibited show the doubtful accuracy of

generalised statements concerning certain characteristics of these

storms, such as their velocity, the latitude of their recurvature,

&c. Thus the statement is often made that in the higher

latitudes, after recurvature, the velocity along the track will

average 25 or 30 miles an hour. However true this may be as

the statement of an average, its untrustworthiness with regard

to a particular storm is well shown by one of the tracks laid down.
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in which the velocity of the centre after recurvature off the

coast of Florida fell to about three miles an hour through three

degrees of latitude.

We have received a copy of the meteorological observations

made at Sir Cuthbert Peek's observatory at Rousdon, Devon,

for the year 1899, the sixteenth year of the series. This obser-

vatory is a second order station of the Royal Meteorological

Society, and possesses a very complete equipment of instruments,

both astronomical and meteorological, including various patterns

of standard anemometers, the observation and comparison of

which form a special and valuable feature of the regular work of

the station. The mean temperature of the year exceeded the

average by more than 2° ; but the year was free from extremes in

either direction, although at Greenwich on August 12 a tempera-

ture of 90° was recorded. The rainfall was about two and a half

inches below the average, and amounted to only 29*31 inches;

falls of an inch or more occurred on five days. A daily com-

parison is made between the actual weather and the forecasts of

the Meteorological Office ; as regards wind, the percentage of

success has increased from 69 in 1884 to 93 in 1899, and in

the case of weather, from 73 to 92 in the same period.

The following notes from a report by Mr. H. A. Byatt,

assistant collector. Fort Alston, are published with others in the

British Central Africa Gazette :
—" After passing over the

ridge of hills which culminates about two miles to the east of

Ndonda, some forty miles from the lake shore, the appearance

of the country and the nature of its soil changes very consider-

ably. In place of the low-lying marshy expanses along the

coast, one finds a monotonous series of undulating grassy plains,

covered almost exclusively with a growth of tall rank grass.

The soil generally, though occasional small deposits of clay are

found, consists of a layer of coarse porous sand, apparently of

no great depth, lying upon a substratum of hard rock, and may
well have been washed down by centuries of rain from the low

hills above mentioned. The country is remarkably waterless.

Judging by the appearance of the vegetation which it supports,

the soil is of poor quality, and offers but little hope of successful

cultivation. Large timber is conspicuous by its absence, and it

is only at rare intervals that the raphia-palm and other trees

requiring a copious supply of moisture are found ; but possibly

such woods as the Mlanje cedar might be introduced with suc-

cess. Owing to the rank growth of grass, it is an ideal cattle

country ; but the true reason of the excellent condition of cattle

in this country is to be found, I believe, in the presence of a

certain salt in the earth—possibly a nitrate or phosphate t)f soda.

In many places itis so abundant that upon the evaporation of

the water it is left as a thick white deposit on the surface of the

soil, whence it is gathered up by the natives and used as a con-

diment. Of other minerals, beyond the existence of graphite,

I have so far found no trace."

The progress of work on the new wheel-pit of the Niagara

Falls Power Company, at Niagara Falls, N.Y., which is in-

tended to supplement the present hydraulic installation of the

same company, is described and illustrated in the New York
Electrical Review (August 15). It is only a few years since the

company began operations with a plant capable of being ex-

tended to 50,000 horse-power. Both the rapid growth of

electrochemical industries at Niagara, and of electric power

applications in BuiTalo, twenty-six miles away, have rapidly

carried the plant up to the limit of its former hydraulic equip-

ment. Now the new one, which is slightly larger than the old,

is under construction, and it is expected that within a year

105,000 horse-power will be generated and distributed from this

one plant. The growth of such industries in the United States

has been extraordinary. In New York State there is another

plant under construction which will be finished within a year,
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and will develop the enormous total of 150,000 horse-power.
Practically all of the latter installation will be used in electro-

chemical work in the manufacture of carbides and caustic and
bleaching powder.

The manufacture of artificial dye-stuffs in Germany was
referred to in a recent report from H.M. late Consul-General
at Frankfort-on-Main. The endeavours of manufacturers and
industrial chemists are directed, generally speaking, to pro-
ducing the organic natural products, such as those of colour

plants, dye woods, insects, molluscs, &c., by artificial and even
cheaper and purer means, and in a more serviceable form for

dyeing ; also to producing new colours, which not only approach
in brilliancy and effectiveness the natural kinds, but even surpass
them. Since the discovery that the important dye-stuff madder
—alizarine—could be produced in an easy and cheaper manner
from the carburetted hydrogen of coal-tar, the use of dye-stuffs

obtained by coal-tar distilling has gradually grown to such an
extent that in Germany about five times as many artificial

colours are made as in all other countries combined. According
to the census in 1895, there existed twenty-five factories for

the manufacture of aniline and aniline colours, and forty-eight

factories (with seven branches) for the production of other coal-

tar products {i.e. not only for colours, but also for other com-
modities, such as picric acid, &c.). The aniline works employ
7266 hands, the latter factories 4194 ; in all, 1 1,460 men.

In connection with the foregoing note, the Board of Trade

fournal gwes some particulars as to the n^nufacture of artificial

indigo in Germany, from a report to the Foreign Olifice. The
importance of indigo is evidenced by the fact that the production

of natural vegetable indigo equals in value the entire world's

production of artificial dye-stuffs. The present artificial indigo

of commerce represents almost pure indigotin. It is sold in the

form of a 97 per cent, powder, whereas the indigotin contained

in vegetable indigo fluctuates between 70 and 80 per cent. It

contains no indigo-red, no indigo-brown and no indigo- blue.

The lack of indigo-red and indigo-blue, which both seem to be

of some importance in the relation of the dye-stuff to the fibre,

are its special disadvantages. The indigo-red seems to be of

importance in the production of darker shades of colour. There

is no doubt that at some time not too far off it will be possible

to produce this ingredient also. Artificial indigo is used by

dyers in the same way as vegetable indigo. If it is possible to

render the process of manufacture materially cheaper, and thereby

to considerably reduce the price of artificial indigo, the danger

to natural indigo will be greatly increased ; it is, indeed, to be

feared that with the increase of chemical knowledge the same

fate awaits this dyeing plant, which is extensively cultivated in

British territories, as overtook the Krapp plant, the cultivation

of which nowadays no longer pays. Artificial indigo affords a

new example of the manner in which applied science revolu-

tionises the most varied spheres and destroys as well as creates

great wealth.

The Atlantic Monthly lox August contains an account, by Mr.

Sylvester Baxter, of a method devised by Mr. Arthur J. Mundy,
whereby a ship may be guided into port in stormy weather

which prevents ordinary signals from being of service. The
method is called " Acoustical Triangulation," It is based on

the property that sound travels under water with a velocity that

is unaffected by the disturbances such as winds, which have so

large an influence on the propagation of sound-waves in air ; and

the putting of this principle into practice depends on the

invention of a successful apparatus for ringing a bell underwater

by electrical connections. Three bells placed at the corners of

a triangle, preferably equilateral, are sounded at known intervals

of time. By noting the intervals of time between the instants

when the first and second bells are heard, the locus of the ship's
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position is known to be one of the branches of a certain hyper-

bola the foci of which are the two bells. By noting the apparent

interval between the second and third bell, the ship is similarly

located on another hyperbola, and the intersection of the two

curves gives the required position of the ship. The only

objection to the method appears to us to be that a pair of

hyperbolic branches may intersect in two points, so that for given

intervals between the bell sounds the position of the ship may be

ambiguous. This could be avoided by having four bells instead

of three.

At the annual meeting of the Physical and Natural History

Society of Geneva, Prof. A. Pictet surveyed the work which had

been brought before the society during 1899. Eighteen meetings

were held, and no less than seventy-three communications or

reports were read. M. F. L. Perrot and Prof. Guye have made a

series of measures of surface tension of various liquids by the

method of falling drops. The conclusion arrived at as a result

of their observations was that these tensions are not proportional

to the weight of the drops. A new recording telephone was

described by M. F. Dussan 1. M. T. Tommasina has studied

the variations of conductivity of coherers, and M. E. Steinmann

has contributed a note on the thermo-electricity of various alloys.

To the section of chemistry and mineralogy, M. Louginine has

contributed an important memoir on the latent heat of evaporisa-

tion of some organic liquids ; MM. Dutoit and Friderich have

determined the molecular weights of some organic liquids by the

method of capillary ascensions ; Prof. A. Pictet and M.
Athanasescu have presented a note on the constitutional relation

between two alkaloids of opium-papaverine and laudanine ; M.
Duparc has described his researches on the Liparite rocks of

Algeria ; and M. H. Auriol has made a detailed study of the

agricultural soils of the Canton of Geneva. In the section of

botany, M. de Candolle stated that grains of wheat which he had

kept for four years under mercury had germinated and pro-

duced normal plants ; and Prof. Chodat has described several

micro-organisms of plants. Among the subjects of papers con-

tributed to the section of zoology and anthropology are the

development of the wings of Lepidoptera, by M. A. Pictet ; and a

comparative study of a series of skulls from old burying-places in

the Valais district, by M. Pitard. In the section of physiology and
medicine. Prof. J. L. Prevost and Dr. Battelli have described

their detailed researches on the action of electric currents upon
animals ; and M. Babel has given an account of his work on the

comparative toxicology of aromatic amines.

The present trend of legislation in the interests of fish pre-

servation in the United States is. Dr. Whitten remarks {Stale

Library Btdkiin, No. 12, New York), to place more reliance

on methods of fish propagation than on a multiplicity of

vexatious restrictions, and to obtain through scientific research

the knowledge essential to enlightened regulation. In 1871

the United States commission of fish and fisheries was created

to undertake scientific investigations, collect information, and to

further the introduction and multiplication of food fishes, parti-

cularly in waters under national jurisdiction. In 1898 the com-
mission maintained 34 fish-cultural stations and distributed

SS7. 509.546 eggs, fry and adult fish. Fish commissions have
been created in every State except Kentucky. Many of the

commissions exist primarily for protective purposes, but others

carry on valuable scientific work and maintain hatcheries and
stock local waters with the most valuable food fishes. Illinois

has a zoological station, and Oregon has created the office of

State biologist for the investigation of the animal resources

of the State and the development of such as have economic
value.

The relation of the cell to the enzymes, or soluble ferments

which originate from cells, was touched upon by Sir J. Burdon-
Sanderson, Bart,, in the address he delivered before the recent
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International Medical Congress at Paris. Formerly, he pointed

out, each kind of cell was regarded as having a single special

function proper to itself, but the progress of investigation has

shown that each species of cell possesses a great variety of

chemical functions and that it may act on the medium which it

inhabits, and be acted upon by it, in a variety of ways. Thus,

for example, the colourless corpuscles of the blood (or, as they

are now called, leucocytes) are considered not merely as agents

in the process of suppuration or as typical examples of con-

tractile protoplasm, but rather as living structures possessing

chemical functions indispensable to the life of the organism. Simi-

larly, the blood disc, which formerly was thought of merely as a

carrier of hiemoglobin, is now regarded as a living cell possessed

of chemical susceptibilities which render it the most delicate re-

agent which can be employed for the detection of abnormal

conditions in the blood. The tendency of recent research is to

show that the reactions referred to as chemical functions of the cell

(action of the cell on its environment—^action of the environ-

ment on the cell) are the work of ferments—intrinsic or ex-

trinsic—which are products of the evolution of the living cell, and

therefore to which the term enzymes may be applied.

Recent researches have plainly indicated that in the case of the

disease- producing micro-organisms, the specific functions which for

years were regarded as proper to, and inseparable from, the cell

belong essentially to the enzymes which they contain. It has been

further shown that similar statements can be made as regards

ferment-processes which differ widely from each other and no

less widely from those induced by bacteria. So that in the

domain of microbiology the enzyme may in a certain sense be

said to have " dethroned the cell." For if, as.M. Duclaux has

said, it is possible to extract from the cell a substance which

breathes for it, another which digests for it, another which

elaborates the simple from the complex, and finally another

which reconstitutes the complex from the simple, the cell can no

longer be considered as one, but rather as a complicated machine,

the working of which is for the most part dependent on enzymes,

which, however numerous and varied may be the processes in

which they are engaged, all follow and obey the universal law of

adaptation, and all contribute to the welfare and protection of the

organism.

In our last week's issue reference was made to Dr. Haller's

views as to the relationships of the different groups of the

Vertebrata, based on his study of the hag-fishes and lampreys.

And in the July number of the Journal oj Anatomy and

Physiology the subject of the origin of Vertebrates, as deduced

from the study of the larval lamprey (Ammocoete^), is resumed

by Dr. Gaskell. In this important communication the author

arrives at the conclusion that Ammocoetes is a representative of

the Devonian Cephalaspids, and also that a larval form of the

latter group must have existed which was of the nature of the

Eurypterid Crustaceans. Again, judging from the development

of Limulus, it would appear that the larval Eurypterid resembled

a Trilobite, and there is evidence that Trilobites are Phyllopods,

which are almost certainly derived from Chretopod Crustaceans.

Admitting the derivation of the lampreys from Cephalaspids,

we find that the latter, in their adult condition, approximate to

larval Amphibians ; and we hence pass from the latter to the

lower Mammals, and so on to Man. Thus, according to Dr.

Gaskell, the study of Ammocoetes, owing to the importance of

larval forms, enables us to bridge the gulf between the Annelid

and Man.

The greater portion of the July number of the Quart. Journ.

Microscopical Science is occupied by a communication from

Messrs. F. W. Gamble and J. H. Ashworth on the anatomy

and classification of the Sandworms (Arenicolid.-e). This is

followed by a most interesting series of diagrams illustrating the

life-history of the parasites of malaria, by Messrs. Ross and
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Fielding-Ould, accompanied by a short explanatory text. The

diagrams were originally intended to illustrate a lecture

delivered at the Royal Institution, to which reference is made

in Nature of March 29. The authors adopt the name

Haemamofebidfe for the intracorpuscular amoeba-like bodies

which occur in the blood of certain animals. Of these, three

species occur in human beings (producing the various types of

malarial fever), one in monkeys, three in bats, and two in

birds. Only the human and avian forms are illustrated. The

development of four of these has been followed in gnats ; the

three human forms living in Anopheles, while the bird infesting

species dwells in the common Culex pipiens. To this paper

Prof. E. Ray Lankester appends a separate communication

describing the generative process in the aforesaid " Hzema-

moebids" and in the allied Coccidiid?e, which are parasitic in

cuttle-fish. Sexual conjunction, or " zygosis," has recently been

demonstrated to bccur in the former group, and shortly before

certain peculiar bodies known as microgametes and macro-

gametes were found to occur in the latter. These Prof. Lankester

now shows respectively correspond to the spermatozoa and ova

of higher organisms, specimens of the Coccidiidse being figured

in which the process of fertilisation by the microgametes is

actually taking place.

To vol. xiii. Part i of the Annals oi\\\& New York Academy of

Sciences, Prof. H. F. Osborn contributes an important paper on

the correlation between the Tertiary mammalian horizons of

Europe and America. The author is of opinion that the Puerco

Eocene of the United States has no parallel in the European

series, and that the Egerkingen beds of Switzerland are newer

than the Wasatch. The three main divisions of the European

Miocene are correlated with the Loup Fork and a portion of the

John Day groups of America. But the most generally interest-

ing portion of the paper is that in which Prof. Osborn enunci-

ates his views with regard to former land connections. The

theory of an extensive Antarctic continent synchronously con-

necting South America and Australia, and also communicating

at some epoch with Africa, is deemed to be demonstrated. And
it is considered that South America has experienced four dis-

tinct streams of faunal migration. In the first it received its

peculiar Ungulates and Edentates ; in the second it yielded the

ancestors of Aard-varks, Pangolins, and perhaps Hyraces, to

Africa ; during a third land connection Marsupials immigrated

from Australasia ; and in the fourth the modern North American

types effected an entrance. In contradistinction to the general

view that Africa received its fauna from the north, the author

is of opinion that the Dark Continent was itself the great dis-

persing centre and theatre of evolution ; but whether South

America received its original fauna from Africa or from North

America is left an open question.

American zoologists continue to devote their attention to

the mammals of the Old World ; and in the Proceedings of the

Washington Academy of Sciences for July, Mr. G. S. Miller

publishes two papers on the squirrels of Siam and Malacca, as

well as a third on the European red-backed field-mice. Mr.

Bonhote has just been writing on the former subject in the

Annals of Natural History, and it seems a pity that naturalists

cannot agree to divide their work so as to avoid overlapping and

consequent unnecessary multiplication of names.

The Zoologist for August contains an interesting account of a

visit to Lundy Island during the nesting season, by Mr. F. L.

Blathwayt. In the course of the paper allusion is made to the

tradition that the Great Auk, or some equally large unknown

bird, formerly inhabited ihe island. Only one or two pairs of

this bird were known to the islanders, but an egg (subsequently

broken) was secured in 1839. This subject seems worthy of

further investigation.
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We are glad to see that in its September issue the GirPs
Realm is endeavouring to awake an interest in the animal life of

the sea-shore among its numerous juvenile readers, by publishing

an illustrated article, entitled "An Hour in a Drang," by Mr.
E. Step. "Drang," we learn, is Cornish for a deep cleft ; and
in his admirable description of such a cleft among' the rocks at

low tide, the author introduces his young friends to its living

inhabitants in such a delightful manner that he can scarcely fail

to gain many converts to the study of natural history. The
photographs of crabs and lobsters with which the article is illus-

trated are admirably presented.

A Bulletin (Technical Series, No. 8) just issued by the U.S.

Department of Agriculture (Division of Entomology) contains

contributions towards a monograph of the American Aleurodidje,

by Mr. A. L. Quaintance, and a paper on the Red Spiders of

the United States (Tetranychus and StigmTeus), by Mr. Nathan

Banks. We have only one or two species of the interesting;

homopterous family Aleurodidae in England. They are garden

insects, which have a superficial resemblance to small white

moths. In the present monograph forty-two American species

of Aleurodes (Latreille) are described, most of them for the first

time, and ten others belonging to the genus Aleurodicus

(Douglas). To these the plates refer. The second paper, which

is illustrated by wood-cuts, relates to the mites improperly

called Red Spiders, which are equally troublesome in gardens

and greenhouses in Europe and America. Of the two genera

here discussed, ten species of Tetranychus_(Dufour) and one

of Stigmseus (Koch) are described ; several as new. It is

rather a pity that the term entomology is used in England so

narrowly as practically to exclude mites, spiders, centipedes,

&c., from entomological publications, and thus to hinder the

popularisation of knowledge respecting them. In America,

entomology is given the wider extension which it possessed at the

beginning of the century, as may be seen by the inclusion of

mites in the present publication.

The members of the Manchester Microscopical Society deserve

a word of encouragement for the efforts they make to extend a

knowledge of natural history. One section of the society is

entirely concerned with this work, and the members of it propa-

gate the gospel of natural history by lecturing and demonstrating

wherever their services are required. A programme containing

a list of nearly fifty subjects tias been issued, and the honorary

secretary, Mr, George Wilks, 56, Brookland Street, Eccles New
Road, Manchester, will arrange for lectures or demonstrations

upon any of them if a communication is made to him.

The two last numbers of the Bulletin of the Free Museum of

Science and Art of Philadelphia show that this institution is

growing rapidly under the care of Mr. Cu'in. The more im-

portant recent additions are figured. In vol. ii. No. 3 is an

account of the historical Dickeson collection from the Mississippi

mounds, and in the following number is a descriptive catalogue

of the Berendt collection of books and manuscripts on the

languages of Central America in the Museum Library, carefully

compiled by the late Dr. Brinton.

Those interested in the decorative art of primitive folk should

consult two fully illustrated papers in ih^ American Anthropologist

(N.S. vol. ii. No. 2, 1890). One, by Mr. R. B. Dixon, deals with

basketry designs of the Maidu Indians of California, in which

animal and plant forms, feathers, arrow heads, mountains and

clouds are plaited in a very conventional manner. The author

makes the significant remark, " The knowledge of the designs

is almost exclusively confined to the older women, the younger

generation knowing only very few." The second paper is one by

Mr. B. Laufer, on the Amoor tribes, and is a preliminary account

of the work done by this observer on the Jesup North Pacific
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Exf>edition. Mr. Laufer gives a careful analysis of zoomorphic

patterns, mainly of the Gold tribe ; their decorative art shows

distinct traces of Chinese influence, but the designs have been

evolved in an original and interesting manner.

The catalogue of bacteriological and pathological apparatus,

just published by Messrs. J. J. Griffin and Sons, contains

several new instruments and accessories, and will well repay

inspection. Among the apparatus we notice several spirit

Bunsen burners, which can be used instead of ordinary Bunsen

burners where gas is not available. These are, of course,

suitable for any laboratory, and not merely for bacteriological

work. Of special interest are a number of new centrifuges for

use in the examination of blood, sputum, milk. In water,

urine and milk analysis a comparatively low rate of revolution

is required, and a hand centrifuge giving up to 2000-30CK)

revolutions a minute is sufficient. When examining blood or

sputum it may be necessary to make upwards of 10,000 revo-

lutions a minute, which rate can be obtained by a water-power

centrifuge manufactured by Messrs. Griffin. Another note-

worthy addition is a special test-tube possessing characteristics

always required for bacteriological work, but rarely found.

The additions to the Zoological Society's Gardens during the

past week include a Javan Mynah {Gracula javanensis) from

Malacca, presented by Mr. George Smith ; an Indian Crow
{Corvus spletidens) from India, presented by Mr, E. A.

Williams ; a Rose-coloured Pastor {Pastor roseus) from India,

an Indigo Finch {Cyattospiza cyatiea), a Nonpareil Finch

(Cyanospha ciris) from North America, presented by Mr. L.

Ingram Baker; a Raven {Corvtis corax), European, presented

by Mr. G. St. Leger Hopkinson ; three Blackish Sternotheres

{Sternothoerus nigricans) from Madagascar, two Prasine Snakes

{^Coluber prasina) from Upper Burmah, eleven American Box
Tortoises (

Cistudo Carolina) from North America, deposited ; an

Occipital Blue Pie (Urocissa occipitalis) from the Western

Himalayas, ten Common Chameleons {Chamaeleon vulgaris)

from North Africa, purchased ; a Brush-tailed Kangaroo

{Petrogale penicillata), born in the Gardens.

OUR ASTRONOMICAL COLUMN
Astronomical Occurrences in September.

Sept. I. 8h. Jupiter in conjunction with the moon. Jupiter,
0° 51' North.

3. 7h. i6m. to 8h. urn. Moon occults the planet

Saturn.

4. 7h. 35m. to 8h. 50m. Moon occults the star {^

Sagittari (mag. 5"0).

5. 7h. 24m. Transit (ingress) of Jupiter's Sat. III.

12. I2h. 35m. to I3h. 43m. Moon occults it Arietis

(mag. 5-6).

12. i6h. 27m. to I7h. 40m. Moon occults p' Arietis

(mag. 55).
13. gh. 43m. to loh. 34m. Moon occults 13 Tauri

(mag. 5-4).

14. 8h. 39m. to 9h. i8m. Moon occults D.M. -I- 20°,

785 (mag. 5-8).

15. Venus. Illuminated portion of disc = 0*493.

15. Mars. ,, ,, ,, = 0-915.

16. I2h. 8m. Minimum of Algol (3 Persei).

17. 6h. Venus at greatest elongation. 46° i' West,
18. I4h. 48m. to I5h. 40m. Moon occults 29 Cancri

(mag. 5-9).

19. 8h. 57m. Minimum of Algol (3 Persei).

23. oh. Sun enters Libra, autumn commences.
27. Saturn. Outer minor axis of outer ring = I7"*25.

28. 2lh. Jupiter in conjunction with the moon. Jupiter,

o" 13' North.

Ring Nebui a in Lyra.—It is interesting to find in the
Bulletin de la Societe Astronomique de France, August 1900,
an account of the first published work done with the great 50-
inch refractor of the Paris Exposition while that exhibition is

still in progress. M. Eugene Antoniadi, of the Juvisy Observ-
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atory, has been for some time making systematic observations of
nebulx with the instrument, and a drawing showing a consider-
able amount of detail accompanies his paper on the Ring Nebula,
the first of the series he has undertaken to study. He mentions
that the lens used is the photographic one, the other, specially

corrected for the visual rays, not yet being in position. The
focal length of this glass is about 186 feet (57 metres).

Occultation ok Saturn.—On Monday evening next,

September 3, there will be an occultation of Saturn by the moon,
for which the following particulars for Greenwich may be
useful :

—

Angle from
Sidereal Mean r

'
^

Time. Time. North point. Vertex,
h. m. h. m.

Disappearance ... 18 6 ... 7 16 ... 128 ... 126
Reappearance 19 i ... 8 11 ... 217 ... 206

Providing the weather be favourable, this should be an ex-
cellent opportunity for observing the occultation of the planet,

as the altitude will be almost at its maximum, meridian passage
at Greenwich occurring at 7h. 7m. G.M.T. Moreover, from
its being such a bright object, observations may be made with
instruments of the lowest optical power.

In the Bulletin de la Societe Astronomique de France for

August 1900, M. M. Honorat gives an illustrated description
of his observation of the last occultation of Saturn on June
13. He mentions the conspicuous contrast between the
slightly yellowish colour of the n\oon and the greenish tint of the
planet. During the occultation the planet appeared separated
from the lunar limb by a narrow shadow about 5" ot arc in

width, probably a contrast effect.

At the reappearance of Saturn at the terminator, he could
not perceive any trace of penumbral shadow cast on the planet's

disc.

Oi'POSItion of Eros. —Two additional circulars have been
issued by the special committee appointed by the Astrographic
Conference to direct the observations of Eros during the coming
opposition. Special attention is drawn to the work which may
be commenced at once, such as micrometric observations with
all equatorials of large aperture, for furnishing definite positions

for the theory of the planet's movement, and that these should
be published as soon as possible, to perfect the ephemerides for

the actual parallax work later. An ephemeris is included
from the computations of M. Millosevich, and tables showing
the limiting times between which the planet will have an
altitude greater than 20° at various latitudes, and also a table

indicating the proper regions to be included on the photographs
on dates extending from September 19 to January 7.

In the Astronomische Nachrichten (Bd. 153, No. 3656),
Prof. S. J. Brown, of the U.S. Observatory at Washingtonj
calls attention to the many opportunities for simultaneous micro-
meter observations at widely separated stations, and as many
observatories are not equipped with the photographic instru-

ments necessary for the more general programme contemplated,
gives data for assisting micrometer observers to co-operate for

this type of work alone. The high declination of the planet

makes it possible to secure simultaneous observations at all the
Eastern stations west of Pulkowa, and at all the American
observatories east of Denver. He also gives a table showing
the Greenwich Mean Time at which the planet will be simul-

taneously visible at the observatories of Pulkowa, Konigsberg,
Vienna, Evanston, Madison, Yerkes and Denver for intervals of

ten days from 1900 October I-1901 January 19. Careful

sketches of the comparison stars in the field should be made to

facilitate subsequent identification. Owing to the rapid orbital

motion of Eros rendering observations for position angle and
distance very troublesome, measures should be made in rect-

angular co-ordinates referred to the true equatorial position of

the fixed micrometer wire.

THE INTERNA TIONAL PHYSICAL
CONGRESS.

'T^HE first International Congress of Physics, which has just

finished its sittings, has been a brilliant success. "The

number of participators exceeded a thousand, and, in spite of

the attractions which Paris always offers, in spite of the simul-

taneous rivalry of the Universal Exhibition itself, sectional and
general meetings were closely followed up to the last day by a
great number of visitors.
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The cause of this unexpected success must no doubt be sought

in the idea underlying the plan of the Congress, worked out as it

was with the greatest care by a committee of the Societe Fran-

9aise de Physique. That committee deliberately rejected the

method of simply presenting personal memoirs, or notes on
limited subjects, and concentrated all its efforts upon the pre-

paration of a well-arranged summary of the actual state of

physical science, in the branches in which, within the last few

years, the greatest progress has been made, and the actual stage

of progr ess of which at the end of the nineteenth century it was
considered most important to investigate. Once the list of

subjects was completed, the work was divided among the

physicists who seemed best qualified to give a complete re-

presentation ot their special subject. This plan gave rise to

a series of reports,^ many of which are works of a very high

value, and which, in their entirety, constitute the most complete
representation of any science at a given epoch yet made. These
reports number about 80. To summarise these here would be,

so to speak, repeating the work of the Congress on a small

scale, and that could not be thought of. I shall, therefore, con-

fine myself to referring to them by groups which are obviously

related and mutually supplement each other.

For this considerable task, a preface was necessary. M. H.
Poincare provided such a preface, and brought it before the

Congress amid great applause, showing how mathematical
generalisation could render experimental work infinitely more
fertile. Experimental physics is a library. Mathematical
physics arranges it and prepares the catalogue. It does not
enrich it, but if it is well prepared it enables one to draw a

greater profit from the former. The celebrated mathematician
then showed how hypotheses have succeeded each other, in

the form of physical images or simply mathematical images,
"where the symbol often remains true even when the mechanism
is no longer accepted. Mathematical analysis also alone gives

the true sense of the simplicity hidden under complexity, as in

the case of Newton's law—which is always rediscovered in the

most complicated movements of the heavenly bodies—or the
kinetic theory of gases, where the law of large numbers hides

the isolated individuals, only permitting the appearance of an
aggregate for which the laws of Mariotte- Boyle and Gay-Lussac,
long considered simple, are only the destruction of the action of

individual molecules. Starting from these now well-known facts,

M. Poincare showed how the same methods and ideas apply to

theories now being evolved concerning the interaction of mutter
and eiher. His speech will no doubt be read and studied for a
long time to come, and will remain one of the most perfect

expressions of the state of mind of the masters of modern science.

To the organisers of the Congress, Lord Kelvin's promise of

a personal contribution of work had been a powerful and valued
encouragement. But what they hardly dared hope for was to

see him, after the fatigues of a voyage, take a very active part in

the Congress, and to see him hold spell-bound by the charm of
his discourse a respectfully attentive audience bent upon seizing

every thought of the great physicist. M. Poincare's speech
gave him an occasion for a brilliant improvisation on the con-
stitution of the ether ; and he also dealt with the subject in a
paper on the waves produced in an elastic solid by the motion
of a body acting upon it by attraction and repulsion. But it

was not only in that speech that the illustrious honorary president
of the Congress showed the interest he felt in the assembly.
Presiding every day at sectional meetings, he clothed both reports

and debates with a very special authority.

To facilitate work, the Congress had been divided beforehand
into seven sections, the work of which I propose briefly to

review.

In the measurement section, presided over by M. Benoit, the
chief work was that of determining the actual state of metrology
properly so called. After a very complete recapitulation, by the
president, of the history of standards and methods employed in

the measurement of length and the progress so far made, detailed

attention was devoted to the complete metrological definition of
standards and their legal definition ; the legal status of the
electrical units ; and some improvements which might con-
veniently be made in a number of insufficient definitions, or
definitions referring to conceptions recently introduced into
science, such as the different abscissae of the spectrum, &c. Some
resolutions were passed, such as that recommending the adoption

1 These reports presented to the Congress have been translated into
French. They were printed for purposes of discussion, and will be shortly
published in three volumes.
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of the mechanical C.G S. units (erg and joule) for the expres-
sion of calorimetric quantities, comprising, naturally, the solar

constant, to be reduced by the meteorologists to the calorie per
minute per sq. cm. Also that in the expression of elastic

constants, the C.G.S. unit of pressure, the baiie, be adopted,
of which the multiple by 10", the niegabarie, is sufficiently

represented by the pressure exercised by a column of mercury
75 cm. long at 0° and under normal gravity. The Congress
further supported the sectional resolution that national labora-

tories be created in countries which do not as yet possess any.
The interferential methods of measurement brought out an

excellent paper by M. Mace de Lepinay ; there were also four

contributions relating to thermometry of precision (Chappuis),
pyromelry (Barus), the mechanical equivalent of heat (Ames),
and a special study of the variation of the specific heat of water
(Griffiths). All these showed that great progress has been made
in these various departments. Thus at present the divergencies
among the various gas thermometers are known over a long in-

terval, and it is also known that though the hydrogen and nitrogen

thermometers, for instance, may still differ between 0° and 100",

their divergence at the higher temperatures is insignificant if

care is taken to slightly correct the mean coefficient of expan-
sion between 0° and 100°. The difficulty of employing hydrogen
at high temperatures lends a great importance to this provision.

Pyrometry also is rapidly advancing, and as regards the

mechanical equivalent, the great divergences which existed a
few years ago have disappeared owing to a more complete cor-

rection of thermometric values and a better knowledge of

electric standards.

Some very fine work has also been done in connection with
gravitation. The measurement of the Newtonian constant, ad-

mirably expounded by Mr. Boys, whose special work in this

department is now classical, and the announcement of anomalies
of gravitation by Messrs. Bourgeois and Eotvos, gave rise to

very interesting discussions. A few years ago these anomalies
were placed beyond a doubt, and it is already possible to study

the details with the aid of apparatus which, like that of

M. Eotvos or that of Messrs. Threlfall and Pollock, indicates

the most minute details, whereas the pendulum formerly em-
ployed only gave the more considerable anomalies. The
Congress expressed a hope that the study of these anomalies will

be pursued by the new methods, not only for the sakeot knowing
the gravitational acceleration in every place, but also for the

better knowledge of the constitution of the globe.

Finally, M. Leduc presented to the section a report on the

electro-chemical equivalentof silver, and M. Gouy another on the

standard of E. M. F. It appears from the latter that the cadmium
standard is preferable to every other.

The measurement of the velocity of sound, dealt with by
M. Violle, form.s in a manner the transition between the section

of measurement and that of mechanical and molecular physics.

In the latter, presided over by M. Violle, after a very complete
treatise by M. Amagat on the whole of his work, and an admir-

able paper by M. van der Waals on the statics of mixed fluids,

M. Mathias showed, in a paper well provided with references,

how the critical point may be determined by various methods.

Specialising further. Prince Galitzine dealt with the re-

Jractive index, and, finally, M. Battelli exhibited the relations

between the statics of fluids and their calorimetry. Except
as regards mixtures, the ideas on these various subjects

are well fixed nowadays, and new light can only come from the

experimental side. Mixtures are less known, and the paper in

which the celebrated Amsterdam physicist condensed our actual

knowledge of this question will no doubt powerfully contribute

to make them known. Having created the idea of continuity

between the liquid and the gaseous states, he has had the satis-

faction of seeing it become classical. But it is in another

direction that this evolution advances nowadays. Does this

continuity also exist between the liquid and tne solid state ?

The diffusion of solids, their flow under pressure, the constitu-

tion of alloys, so well studied, notably by M. Spring and Sir W.
Roberts- Austen, might lead to that belief, especially since M.
Schwedoff has proved the rigidity of liquids. M. Tammann
raises some doubts concerning this idea, and recommends a

careful distinction between the amorphous and the crystalline

states. In any case, the presence at the Congress of the eminent

physicists mentioned, with the exception of M. Tammann, who
was represented by M. Weinberg, contributed greatly to the

interest of the subject and to its future progress.

The study of the permanent or temporary deformations of
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solids naturally furnishes interesting data. A work by M.
Mesnager, and another by the author of the present article, were
devoted to these two questions. It is interesting to note that

the last experimental researches are all in favour of the chemical
theory of temporary deformations.

M. Voigt has devoted a great amount of indefatigable activity

to the study of the elasticity of crystals. His summary of this

question was a great boon to the second section. It was a con-

siderable piece of work, in which, naturally, the mathematical
formula was predominant. This work will serve as a base for

all those interested in the elasticity and the piezo- electricity of
crystals, as well as in questions of symmetry.
M. van't Hoff was not present at the Congress, but he

showed his interest by sending a work on the formation of

crystals in a mother- liquor containing a mixture of salts. In
this case questions of equilibrium play an important part, the

form of the crystals depending, not only upon the solubility of

each salt in the mixture, but also upon the quantity of each.

It was very interesting to learn the ideas arrived at by M.
van der Mensbrugghe, after a long career devoted to the study
of capillarity. The report presented by Joseph Plateau's son-

in-law constitutes a precious document on capillarity, a subject

which has been somewhat eclipsed by other subjects, but which
has formed the object of investigation of the greatest spirits,

and continues to do so.

We must be short, and can only mention the report by M.
Brillouin on gaseous diffusion, by M. Perrin on osmosis, and
by M. Bjerknes on hydrodynamical actions at a distance. The
latter derives its interest more especially from the fact that a
hydrodynamical model may be constructed which possesses all

I he characteristics of a world subjected to actions at a distance.

The third section, presided over by M. Lippmann, dealt with

>ptics. The recent researches on the laws of radiation natur-

ally formed part of its programme, opened by those inseparable

reports, on the theoretical laws of radiation, by M. W. Wien ;

on the radiation of solids, by M. Lummer ; and on gaseous
radiation, by M. Pringsheim. The practical realisation of the

black body, the verification of Stefan's law for a large range of

temperature, and certain simple relations between the tempera-
ture and the position of the maximum in the spectrum, are the

salient facts which the experimental work of recent years has
brought out. For gases, a doubtful point is the validity of

KirchhofTs law, but according to M. Pringsheim that does no
seem to be in any danger if only the purely thermal radiati

is considered.

Recently, the spectrum has been greatly extended in the

infra-red. M. Rubens, to whom the greatest progress in this

direction is due, had undertaken to give a summary of this

question, showing how the dispersion formulae agreed with
experiment, and demonstrating experimentally the connection
between long light waves and electrical waves. This work again

called forth a discussion on the formulae and theories of

dispersion opened by M. Carvallo.

The kinematics of the spectrum has also made great progress
since Balmer showed for the first time that the hydrogen rays

are represented by a very simple formula. The researches of

Kayser and Runge and other physicists, Rydberg among them,
have shown that the distribution of the spectrum lines is

governed by laws, some of which are clearly established, while
others are as yet unknown. Of all this work, M. Rydberg gave
an excellent summary.
The velocity of light has, as we know, given rise to metro-

logical work of the first rank, and of extreme difficulty. It fell

to the distinguished president of the Congress, M. Cornu, to

give a review of this subject,,and during the remarkable speech
which he delivered at the Ecole Polylechnique, the physicists

from all parts had the privilege of seeing the original apparatus
of Fizeau and of Foucault, who were the first to give an approxi-
mate value of that velocity by measurements confined to the
earth.

It is this characteristic velocity which for Maxwell was the
touchstone of the theory involving the identity of luminous
and electrical oscillations. As the instruments become more
perfect, and the sources of error disappear, this identity is more
and more emphasised. It was very interesting to co-ordinate
the numbers furnished by light proper with those furnished by
the comparison of units and the direct measurement of the
velocity of electric waves. M. Abraham undertook the first

part of this work, and MM. Blondlot and Gutton the second.
This brings us to the electrical section, presided over by M.
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Potier, and in his absence by M. Bouty. The line of demarca-
tion, however, is becoming more and more difficult to draw.

The extremely interesting work of M. Lebedef on the pressure

produced by radiations, has its origin in the great work of Max-
well ; but it might also arise from pure thermodynamics, as

shown by Bartoli and Boltzmann. As regards Hertzian waves,

treated in a masterly manner by M. Righi, they approach so

closely to the work of M. Rubens, that the small interval which
still separates them is probably the only reason—and a very

artificial one—for keeping them separate at all. In a supple-

mentary note, M. Branly gave an account of some of his own
researches on coherers. The reports just mentioned furnished

the experimental side of an idea, the theoretical aspect of which
was treated of in a paper by Prof. Poynting on the propagation

of electrical energy.

We encounter another group of questions in the gaseous

dielectrics, studied by M. Bouty, as well as electrolysis and
ionisation, which have made such vast progress during the last

decade, and which were dealt with by M. Arrhenius, one of the

promoters of the new ideas, in a paper which will remain a
model of clearness. Finally, we have M. Christiansen's theories of

contact electricity, M. L. Poincare's theories of the electric cell,

and the exposition of Nernst's ideas, which had not been con-

templated in the programme of the Congress, but which enabled

their founder to give to the meeting a review admirably

completing this group of questions.

The presentation of present ideas on magnetism had been ex-

cellently prepared by two fundamental reports, one, by M. du
Bois, on the general magnetic properties of bodies, and another,

by M. Warburg, on hysteresis, which he was the first to observe,

and which, in the hands of Ewing, Hopkinson and others,

attained such great importance. Two particular aspects of

magnetism, viz. magneto-striction and the E. M.F. of magneti-

sation, which could not form part of the general reports, were
treated separately by M. Nagaoka and M. Hurmuzescu.

Although the applications of electricity are almost entirely

beyond the subject-matter of the Congress, there are some which

are connected so closely with general physics that it seemed
very desirable to have them dealt with. This was done by M.
von Lang, whose work on the electric arc is well known, while

M. Potier gave an exhaustive paper on the theory of polyphase

currents, and M. Blondel the description of apparatus for tracing

the curves of rapidly varying currents.

In a few years' time the work of the fifth section—ionisation

and magneto-optics, presided over by M. Becquerel—will no
doubt fall naturally into one of the preceding sections. But at

the present moment they are still so undefined, they open up
such new horizons, that it appeared well to collect them in a

special section. The idea proved very fruitful, for the section

was largely attended, and the discussions at it proved very

fascinating.

M. Lorentz had prepared an admirable report on magneto-

optics, with special reference to the Zeeman phenomenon. He
expounded both his own ideas and those of M. Voigt. The
presence of the latter gave the section the privilege of an
exposition at first hand of his latest ideas.

The absence of Prof. J. J. Thomson could not but be severely

felt. But the work which he had sent in, concerning the ratio

of the electric charges to the masses carrying them, was read

amid great interest after the general exposition made by
M. Villard of the state of our knowledge of kathode rays.

The phenomena of actino-electricity, somewhat forgotten

now, though much studied ten years ago, gave rise to a report

by MM. Bichat and Swyngedauw. Perhaps increased atten-

tion will be devoted to them now that the researches of M.
Becquerel and those of M. and Mme. Curie have proved so

fertile in the examination of new bodies.

The speeches in which first M. Becquerel and then M. Curie

expounded the disconcerting properties of uranium, polonium

and radium rays, were for many a revelation. These extra-

ordinary bodies, discovered by their radio-active properties,

which were first announced by M. Becquerel, and then followed

up with such startling success by M. and Mme. Curie, were

known to the majority of those present, but only a few had seen

those few decigrammes of material extracted from several tons of

the mineral richest in it, pitchblende, and certainly the effects

produced surprised by their intensity those who saw them for

the first time.

Several hundred persons at a time could see this light, which

appears everlasting, radiated perpetually by radium, the clear
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patch which it produces even across a sheet of metal on a

screen of barium platino-cyanide, the instantaneous discharge of

an electrified body brought near to the substance, and the

sparks passing when radium is brought within a few centimetres

of the spark gap. The magnetic deflection of the rays could, of

course, not be made evident to such a large audience. But the

original negatives could be projected, and they showed the

curvilinear propagation of the rays in a magnetic field.

The new bodies constantly project matter endowed with a

great velocity. Neighbouring bodies are impregnated with it,

and become radio-active in turn. These particles attach them-

selves, not only to objects, but to persons as well, so that M.
Curie will be condemned for some time to abandon every kind

of electrostatic research. No electrometer remains charged in

his neighbourhood, and it is certain that if radium had only

been as plentiful as gold, static electricity would never have
been discovered.

In the same domain, important generalisations have been
made, such as the theory of dispersion in metals, founded by
M. Drude upon the electron theory, of which the author gave

an account to the section.

The sixth section, under the presidency of M. Mascart,

occupied itself with cosmical physics. Terrestrial magnetism
should undoubtedly have formed part of the work of this

section, but the Meteorological Congress which will shortly meet
intends to make that the principal object of its studies, and it

was evidently necessary to leave it aside.

Yet the work of this section was very fruitful. Here,
naturally, observation still holds a predominant place, as in the

work of the Swiss physicists, with M. Hagenbach at their head,

on glaciers ; and the detailed study of oscillations of lakes by
MM. Sarasin and Forel, who brought their results before the

Congress.

In the department of atmospheric electricity, a very good
account was given by M. F. Exner, and Mr. Paulsen gave an
account of the Danish expedition to Iceland for the study of the

aurora. The evaluation of the solar constant by M. Crova, ac-

cording to recent researches, and a very ingenious theory of

suns-pots established by M. Birkeland after troublesome calcula-

tions, were heard with much interest. Finally, M. C. Dufour
showed how, without the help of any laboratory apparatus, the

approximate brightness of the stars could be determined.
It had seemed useful to collect in a seventh section some

works relating to biology. In the absence of M. d'Arsonval,

this section, presided over by M. Charpentier, did a great deal

of good work, and justified the idea of the organisers of the

Congress. The application of physical and mathematical
methods to the transmission of energy in organisms, to which M.
Broca has devoted attention for a considerable time, and the
curious retina phenomena studied by M. Charpentier, gave this

section a vast field of discussion. Finally, the new theory of

accommodation established by M. Tscherning received the sanc-

tion of a very largely attended meeting, while M. Henocque
spoke of the spectroscopic methods used in biology.

The proceedings of the Congress were not confined to sec-

tional work and general ^meetings. A visit to the laboratories

of the Sorbonne and the Ecole Polytechnique showed many ex-
periments in progress, installed by the professors of these

establishments or their provincial and foreign colleagues. These
could only be properly appreciated by observing them closely

and in small groups.

Shall I speak of the reception in the Jardin de I'Elysee,

whither the President of the Republic invited several Con-
gresses to witness a theatrical performance ? Or of the charm-
ing soiree for which Prince Roland Bonaparte had placed at

the disposal of the organisers his vast and magnificent library for

a number of interesting experiments ? This soiree, which will

leave in the minds of all who were present the most agreeable
memories, would itself deserve a lengthy description. But I

cannot conclude this already lengthy article without saying how
much the French physicists have been touched by the sympa-
thetic action of the foreign secretaries of the Congress, who
deposited a magnificent crown on the modest tomb of the great
Fresnel, of which the Societe Fran9aise de Physique has con-
stituted itself the guardian. A moving speech by M. Warburg,
and a warm expression of thanks by M. Cornu, president both
of the Congress and of the Society, referring in a few words to

the life of that great physicist, ended this first Congress, where
so many new thoughts have been born, and so many friendships

made or consolidated. Ch. Ed. Guillaume.
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ORIENTATION OF THE FIELD OF VIEW OF
THE SIDEROSTAT AND COELOSTAT.

/"OBSERVERS who have practical acquaintance with the
^^ siderostat and heliostat are familiar with the fact that
while the reflected image of a star may be kept stationary, the
images of surrounding stars have a rotation around it ; while if

the sun is the object viewed in the mirror, the image will rotate
about the axial ray. It is on account of this rotation of the field

that neither the siderostat nor the heliostat can be used with a
fixed telescope for celestial photography, except for objects
which can be photographed with short exposures.

Certalin unexpected peculiarities of this motion have recently
led Prof. Cornu to investigate the general laws governing the
rotation of the field in both instruments {Comptes rendus, vol.

cxxx. No. 9, 1900 ; Bullelin Astronomique, February 1900).
Some of the results at which he has arrived are of great interest,

and we believe attention has not been previously drawn to

them, although they could have doubtless been derived from
Orbinsky's formula for the orientation of the field (" Die totale

Sonnenfinsternisse am 9 Aug. 1896"), or from other formulae
which have been employed by observers as occasion required.

Prof. Cornu first discusses the general question of the orienta-
tion of the field, irrespective of the mechanical means of
retaining the reflected image in a fixed position. In Fig. i,

NESW represents the horizon, z the zenith, p the pole, pd the
hour circle of the star u, and d' the point of the horizon towards
which the rays are reflected, pn is equal to the latitude of the

Fig. -Orientation of field of siderostat.

cos p = cos a cos L ; tan «

place, = L ; pd is the polar distance of the star, = 5 ; spd is

the hour angle of the star, •= h. For the purposes of calculation

the point d' is defined by its polar distance pd' = p, and by the

angle spd' = a> which the plane pd' makes with the meridian ; p
and £0 can be determined in terms of the azimuth of d' ( = SD' = a,

reckoned positive towards the west) and the latitude, by solving

the right-angled triangle psd', in which PS = 180° -L ; thus

tan g

sin L"

The normal to the mirror must always bisect the arc dd' of a

great circle, at M, so that the position of the reflected ray from
any part of the sphere can be easily determined. Thus the

image of p is at p' in the continuation of the hour circle PM, MP'
being equal to PM. To determine the orientation of the field, it

is most convenient to ascertain the direction, after reflection, of

the point p, since it is a fixed point on the sphere. Taking the

plane of pd'Pq as the reference plane, and its trace on the sphere

as a fixed direction, the orientation of the reflected pole is con-

veniently defined by the angle PqD'p' =: Y, which can be readily

calculated, as also d'p', the distance of the reflected pole from the

centre of the field.

Applying this in the first place to the siderostat, where the

reflected rays are south or nearly so, and the angle a conse-

quently small. Prof. Cornu obtains the following results :

—

(i) The reflected image of the pole describes a circle round

the centre of the field, with a radius equal to the polar distance

of the star observed.
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(2) Since the angle Y is equal to the supplement of the
angles at the base of the triangle pdd', p being the apex, the
orientation of the reflected pole (that is, the direction of the
north point of the field) is given by the equation

ton i V cosi(p + 8)

The law of rotation readily follows. The interval from the
passage of the star over the hour circle pd' being expressed by
/, with a day as the unit of time, -4 - « = znt, and the equation
becomes

tan i Y = K tan i iitt.

where K = ^"^i ('' + ')

(6) When the reflected ray is in a horizontal and southerly
direction, as is usually the case, (i»= o, and p= ir- L, so that the
formula for orientation becomes

cos \ (p - «)

Hence :—(a) The rotation of the field has the same period as
the diurnal motion.

{b) The motion is continuous and in the same direction,
direct or inverse according to the sign of K.

(<:) The plane of reference is a plane of symmetry, since the
angle y has equal values of contrary sign at equidistant intervals
of time from passage across the reference plane.

Prof. Cornu illustrates the rotation by a diagram similar to
those in Fig. 2.

(3) The angular velocity of rotation at the epoch/ is given by

ds: _ K
dt "" ^^

cos-ir/ + k*sin"^ir/
*

where
tan^ Y = Ktan J/4

^_sini(L-8)
sini(L+ 5)'

It readily follows that there is no rotation of the field in this
case when the polar distance of the star observed is equal to the
latitude of the place of observation ; the rotation is clockwise if

the polar distance be less than the latitude, and contrary if

greater. Fig. ? illustrates the varying conditions of rotation in
the latitude of London (a) for the position of the sun at the
winter solstice, {b) for the position of the sun at the summer
solstice, and {c) for a star which passes through the zenith. In
each case the numbers are placed to represent the position
angles of the north point of the field at corresponding hour
angles.

In the case of the heliostat, where the rays are reflected in a
northerly direction, a similar method of computation is adopted
by Prof. Cornu ; but as the instrument is so little used in work
of precision, it is unnecessary to give the details. The important
result is that the field of view under ordinary conditions has an
angular velocity of rotation greater than that of the diurnal
motion.

Sun at winter solstice, London. Sun at summer solstice, London.

-Illustrating rotation of field of siderostat.

Star through zenith, London.

The denominator is always positive, so that the velocity has
always the same sign as K ; its value varies from 2irK (when

2ir

/ = o) to j^ (when / — \), and is equal to the diurnal motion

when the conditions make the denominator equal to K. The
velocity varies so slowly for small values of t, that it may be
sufficient to regard it as constant and equal to 27rK. Since the
northern meridian passage cannot be observed with the side-

rostat, the value ^ is not observable.

(4) The apparent motion of the field, as seen in the mirror,
will evidently be in the same direction as the apparent motion of
D V seen from outside the sphere, and it will not be reversed
by an astronomical telescope. When the polar distance of the
star observed is less than the supplement of the polar distance
of the reflected ray, the apparent direction of rotation of the
field of a siderostat is clockwise ; it is in the contrary direction
if the polar distance of the star is greater than this supplement.

51 When cosi(p + 5) = o, we have K=o, and V = o for all
values of t. Hence there is no rotation of the field when the
polar distance of the star observed is equal to the supplement of
the polar distance of the direction of the reflected ray.

In this case, p + S=i8o°, and pm = 9o°, so that the mirror is
parallel to the earth's axis, and the instrument thus behaves
like a coelostat.

.

J This gives the angle reckoned from the direction d'p. To obtain theinchnation to a vertical line passing through the mirror, it would be neces-sary to calculate the angle pd'z.
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A knowledge of the orientation of the field as reflected by a
mirror is so frequently required that it may be useful to refer
briefly to other ways of treating the problem.

Orbinsky proceeds much in the same manner as Prof. Cornu,
but considers the more general case in which the reflected rays
are neither in the meridian nor horizontal. The position of the
normal is midway between the direction of the star and that of
the reflected ray, on a great circle, so that the direction of the
reflected ray from any other point of the celestial sphere can at
once be determined.

In this way the position of the zenith point of the field
(vertex) is derived with respect to the vertical circle in the
plane of the reflected ray. A calculation of the angle between
the vertex and the north point is then all that is required to
give the direction of the north point of the field with respect
to a vertical line through it.

Another method of representing the orientation was adopted
by Mr. Shackleton in connection with the eclipse of 1896.
This can be applied to a reflection in any direction, but it will
suffice to indicate its application to a siderostat with the reflected
ray in the meridian. Using Prof. Cornu's notation so far as
possible, in Fig. 3 nesw is the horizftn, nps the meridian, p
the pole, D the star, M the mirror, MS the direction of the re-
flected ray from D, and sdn the trace of the plane of reflection.
Representing the direct field by anb, n is the north point. The
field of the mirror appears behind the mirror as a'n'b', a'b' re-
maining in the plane of reflection, and (5'n«' being equal to
bun. Since fiv is a vertical line through the field of the mirror,
and z'Na' = dsp, it is evident that van' = i8o° - (psd -f pds).
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van' thus corresponds with the angle Y in Prof. Cornu's formula,

and its value is derived by precisely the same formula.

Fig. 3.— Orientation of field of siderostat.

The orientation of the field of a coelostat is very readily

derived. In this instrument the mirror turns on a polar axis

in its own plane, so that the normal is

always on the equator, and the polar dis-

tance of the reflected ray is always equal
to the supplement of the polar distance
of the star. Thus, in Fig. 4, pd' is the
supplement of pd. The reflection of the
hour circle through the star, pd, will coin-

cide in direction with that through the re-

flected ray, pd', so that n will become «',

and it only remains to determine the angle
pd'z to ascertain the position of the north
point with regard to a vertical line through
the field of the mirror. If we suppose the
rays to be reflected in a horizontal direction,

in the triangle pzd, pz = the co-latitude,

; zd' = 90° and pd' = 180° - pd, so that the
required angle can be at once derived. In
this case it is convenient to know the
azimuth of the reflected ray, that is, pzd'

;

and the simplest solution is to calculate

this angle first by the formula

cos pzd' = cos (180° -pd) sec L.

The required angle is then derived from
the formula

sin pd'z = sin pzd' cos L cosec (180° - pd).

The position of the north point having
Jaeen determined, the remaining points can
at once be placed, noting that the east and
west points are reversed as compared with
the direct view in the sky.

It is important to note that although there is no rotation of
the field so long as the telescope remains in one position, the

tions of the morning sun, the orientation of the field will be
different when the telescope is pointed in an easterly direction
for observations of the sun in the afternoon ; in the former case
the north point lies to the right of the vertical, and in the latter
case to the left.

Other investigations relating to the coelostat, including the
determination of the best position for the telescope under given
conditions, have been made by Prof. H. H. Turner {Monthly
Notices R.A.S., vol. Ivi. p. 408).
As the coelostat has not yet come into very general use, it

may be of interest to add a few remarks as to the arrangements
which have been made by Sir Norman Lockyer at the Solar
Physics Observatory for utilising this instrument in a permanent
observatory (Fig. 5). On account of the varying declinations
of the heavenly bodies, the position of the observing telescope
must admit of corresponding changes, either in inclination or
azimuth, or both. When special instruments, such as the
spectro-heliograph, are to be used with the coelostat, as at the
Solar Physics Observatory, motion in azimuth is the only motion
permissible, and this is provided for by fixing the receiving
instrument on a platform which runs on circular rails, with the
coelostat at the centre. The platform carrying the telescope or
spectroscope is covered with a travelling hut, the roof of which

Fig. 4.—Orientation of field of coelostat.

whole field is turned when the telescope is set in a different

direction. Thus, if the telescope is directed west for observa-

Observatory.

is inclined so as not to obstruct the mirror. The coelostat itselr

is provided with a hut, which is removed to the north when the

instrument is in use ; this is shown to the. left in the illustration.

A. Fowler.

A

THE ANNIVERSARY MEETING OF THE
REALE ACCADEMIA DEI LINCEI.

MELANCHOLY interest attaches to the anniversary

meeting of that ancient scientific society, the Reale Ac-

cademia dei Lincei, held in June, from the fact that the society

was then mourning the loss of its distinguished president, Prof.

Beltrami, and has since been plunged into deeper mourning by

the untimely and unexpected loss of its patron, King Humbert,
who with Queen Margherita had for many years taken part in

these yearly meetings. It is, moreover, largely due to the

munificence of the late King of Italy that the society is enabled

to further the advancement of science by the award of prizes for

theses dealing with some subject of scientific research.

From the presidential report of Prof. Mesadaglia, we learn

that the society's losses have included, besides Beltrami, the

names of Capasso, De Simoni, Ferrara, Nestore and Tommasi-
Crudeli among the ordinary members, and, of foreign members.

Bertrand, Bunsen, Janet and Liais. The Atti, or " Proceedings
"

contain for the year 147 papers, in addition to which several
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longer papers are being printed in the Memorie or " Transac-
tions," and the corresponding societies with which an exchange
of publications is made now number not less than 500. Under
the title of Nothie degli Scavi, the society brings out accounts of

archcEological discoveries in Italy, the material for which is

furnished monthly by the Minister of Pulilic Instruction. Of
recent publications, we note the issue of three volumes of the
" Codex Atlanticus " of Leonardo da Vinci, a magnificent work,
in the cost of publishing which »the late King gave material
assistance ; also the " Forma Urbis Romae" of Signor Lanciani,
consisting of a large scale archieological map of Rome.

For the Royal prize of looo francs for normal and patho-
logical physiology six candidates entered, and a large number of
essays of considerable merit were submitted by them. The
prize has been adjudged to Prof. Giulio Fano, of Florence, for

sixteen papers, dealing, amongst other subjects, with the
physiology of the embryonic heart, the doctrine of experimental
psychology, the organ of hearing, the graphic registration of
respiratory chimism and reflex movements, the latter being a
continuation of previous researches on the organs of Einys
Europea. Of the six candidates for the Royal prize for geology
and mineralogy, two were considered worthy of the award,
which was therefore divided equally between them. One of

the successful candidates, Prof. De Lorenzo, chose geological

subjects, and sent in about twenty essays, the most important of

which dealt with the trias of the environs of Lagonegro,
the mesozoic mountains of Lagonegro, geological observa-

tions on the Apennines of the southern Basilicate, and geo-

logical studies of the southern Apennines. Prof. Giorgio

Spezia's work, on the other hand, was entirely mineralogical,

dealing with the influences of temperature and pressure,

respectively, on the chemical metamorphism of rocks and
minerals. From a long and laborious series of experiments,

many of them occupying five or six months, the author con-

cluded that pressure has little or no effect, while the influence of

temperature is considerable. The results have a special bearing

on the theory of quartz formation. The Royal prize for ad-

vances in archaeological science was adjudged to Dr. Paolo Orsi,

of Roveredo, for his investigations of the antiquities of Eastern
Sicily. Dr. Orsi has thrown quite a new light on the prehistoric

development of the people known as the Siculi, from the neolithic

epoch down to the period of expansion of the Greek colonies. A
special prize for philosophy and rhoral science had been offered for

an essay dealing with either the theory of consciousness or the

foundations of practical philosophy. This prize has been divided

equally between Prof. Bernardino Varisco and Prof. Francesco
de Sarlo, The Minister of Public Instruction offered a sum of

3400 lire for two prizes in physical and chemical sciences, and
a like sum for two prizes in philological sciences, the

prizes being confined to teachers in secondary schools. The
committee for the prizes in physical and chemical sciences have
awarded two equal prizes—one to Prof. O. Marco Corbino,

more especially for his work on light traversing metallic vapours
in a magnetic field, and the other to be divided between Profs.

Carlo Bonacini and Riccardo Malagoli, more especially for their

joint papers on Rcintgen rays. In philology, the prizes have
been divided up into a number of minor awards, distributed

between Signori Giuseppe Vandelli (whose work stood first),

Antonio Belloni, Astorre Pellegrini, Giuseppe Rua, Giuseppe
Lisio, Augusto Balsano, Giovanni Negri and Guglielmo Volpi.

At the conclusion of the awards a biographical commemora-
tion of the late Prof. Beltrami was delivered by Prof. Luigi

Cremona. In the number of the Atti, this is followed by a
chronological list of Beltrami's scientific works, in compiling
which use has been made of the previously published lists by
Prof. Dini, and by Signori Pinti and Brambilla in the Annali
di Matetnatica and the Rendiconto of the Naples Academy
respectively.

The proceedings terminated with an address by Signor

Giuseppe Colombo on the progress of electrotechnics in Italy.

Signor Colombo briefly traced the gradual development of the

theory of the electrical transmission of energy, from the discovery

of Volta, through the various stages indicated by Pacinotti's

invention of the first dynamo, Galileo Ferraris' principle of the

rotating magnetic field, and a number of intermediate inventions,

down to the principle of wireless telegraphy, to the development
of which two Italians, Righi and Marconi, have so largely con-

tributed. The absence of coal has long been a serious bar to

the progress of Italy in commercial competition, but Signor
Colombo proves by statistics that Nature has provided a source
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of energy more than sufficient to fill the deficiency, in the water-

power with which the country has been well endowed, and it

only needs the development of plant for the electrical trans-

mission of power, aided, moreover, by the best means for

minimising waste of energy, to raise Italy to a condition of

commercial prosperity.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

The Pall Mall Gazette states that Miss Cruickshank has
given to Aberdeen University, in memory of her brother. Dr.

Alexander Cruickshank, the botanic garden at Chanoury, Old
Aberdeen, extending to six acres, and capable of accommodating
nearly six thousand specimens. Miss Cruickshank has devoted
to its endowment the sum of 15,000/.

Mr. Gilbert R. Rei>grave, Senior Chief Inspector in the

South Kensington branch of the Board of Education, has been
appointed an Assistant Secretary for Technology. Announce-
ment is made that in the ensuing autumn the Duke of Devon-
shire will appoint a departmental committee, on which the

county councils and the City and Guilds of London Institute

will be represented, to consider, inter alia, the co-ordination of

the technological administration of the Board of Education with

the technological work at present carried on by educational

bodies other than that Board.

A GOOD idea of the scope and value of the work of the ex-

aminations department of the City and Guilds of London Institute

can be obtained from the " Programme of Technological

Examinations (1900-1901)," published by Messrs. Whittaker
and Co. Examinations are held in seventy technological

subjects, and also in manual training (wood-work and metal-

work). For each examination a syllabus is given, and a useful

list of works of references ; and the questions and practical

exercises set at the recent examinations are all reprinted.

Several of the syllabuses have been revised, notably those of

photography, pottery and porcelain, silk throwing and spinning,

and silk weaving, electric lighting, watch and clock making,
typography, lithography, carpentry and joinery.

The Redruth School of Mines, of which the syllabus for

1900-1901 is before u^, offers exceptional facilities for study-

ing the principles of mining in the Cornish mining district.

One wing of the school building is occupied by a large

mineral gallery, erected to the memory of the late Dr. Robert
Hunt, F.R.S. The museum, which contains a valuable col-

lection of mineral specimens, and is the property of the

Mining Association and Institute of Cornwall, is at all times

accessible to students of the school. The mining course con-

sists of practical underground work, including the timbering

of shafts and levels, and of lectures on geology, the principles

of mining, the raising and mechanical preparation of ores, and
of practical work in gold panning and vanning. Students, in

addition, are taught the methods of prospecting for minerals

in all possible positions, and are trained to detect favourable

indications on the surface. There is thus a reasonable com-
bination of science with practice in subjects essential to the

training of mining engineers.

What school gardens are to children, allotments are to

adults in agricultural districts, and both provide valuable means
of experiment. The Report of the Technical Instruction Com-
mittee of the Oxfordshire County Council shows that this is well

recognised is several parts of the county. For instance, at the

Chipping Norton Agricultural Class there were fifty-four students,

of an average age of thirty-eight. They were factory hands,,

labourers, mechanics and small tradesmen, who all cultivated

allotments, and were thus able to put principles to a practical,

test, and determine the causes thus affecting growth. At
Reading College, which is connected with the Oxfordshire

Committee, various insects and plants were received fron^

different parts of the county for identification, and advice was
given in many localities. Field experiments were made oi>

sainfoin and lucerne, rotation, " finger and toe," mangel, and
different manures for barley. Charlock spraying was investigated

at three farms, and other experimental work had been done

under the auspices of the College and the Technical Education

Committee.
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SCIENTIFIC SERIAL.
American journal of Science, August.—Rowland's new

method for measuring electric absorption and losses of energy

due to hysteresis and Foucault currents, and on the detection of

short curcuits in coils, by L. M. Potts. Rowland's method, in

which the condenser is placed in one arm of a Wheatstone
bridge, together with the fixed coils of an electrodynamometer,

while the movable coil is mounted in the cross connection, is

practically useful. The electric absorption always acts as a

resistance in series with a capacity. The resistance is indepen-

dent of the current, but the temperature has a decided effect on
both.—Some new Jurassic vertebrates, by W. C. Knight. The
author describes two new species, called Plesiosatirus shirleyensis

and Cimoliosaurus laramiensis respectively. They are in the

collection of the University of Wyoming.—Carnotite and asso-

ciated vanadiferous minerals in Western Colorado, by W. F.

Hillebrand and F. Leslie Ransome. Carnotite is probably a

mixture of minerals of which analysis fails to reveal the exact

nature. Instead of being the pure uranyl- potassium vanadate,

it is to a large extent made up of calcium and barium com-
pounds. Near Placerville, Colorado, certain sandstones show a

green colouring and cementing material which contains nearly

13 per cent, of VjO,. It is intended to work this sandstone
for vanadium.— Restoration of Stylonurus Lacoanus, a giant

arthropod from the Upper Devonian of the United States, by
C. E. Beecher. The arthropod described takes equal rank with
the Giant Spider Crab of Japan and the great "Seraphim"
(
Pterygotus anglicus). The animal has a length of nearly 5 feet,

and with the legs expended it would measure about 8 feet.

—

lodometric estimation of arsenic acid, by F. A. Gooch and Julia

C. Morris.—Further notes on pre-glacial drainage in Michigan,
by E. H. Mudge. The author discusses the present and former
levels in the vicinity of the village of Saranac.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, August 20.—M. Maurice Levy in

the chair.—New observations on the high valley of Dordogne,
by M. A. Michel-Levy. Owing to the cuttings recently made
for the railway between Queuille and Mont-Dore, some new
facts on the geology of this valley have been discovered. On
the left flank of the valley the deposit of labradorite can be
traced up to the Capucin. More to the south an ouicrop of
trachyte, rich in black mica and amphibole, can be followed up
lb near the ravines of Riveaugrand. The right flank of the
Mont-Dore valley shows clearly the prolongation of the lower
andesite of the Grand Cascade. A trachytic dyke has also been
recently discovered by M. Paul Gautier in the first ravine west
of Compis.sade, which is rich in granitic inclusions.—On the
existence of Ceratitis capilaia, var. hispanica, in ihe neighbour-
hood of Paris, by M. Alfred Giard. During the present spring
a large proportion of the apricots at Courbevoie, near Paris,
fell off the trees in a green state, and the remainder, although
apparently exceptionally fine when ripe, where found to be honey-
combed with larvDS. This larvae were found, on development, to
give rise to Ceratitis capitata, a species that has already been
found to be very destructive to many kinds of fruit in the Azores,
at Madeira, the Cape of Good Hope, Algeria and Malta. This
is its first appearance near Paris, possibly owing to an
exceptionally favourable spring. Means for combating this
scourge are suggested, as it is of the first importance that
it should not become acclimatised in Paris.—Observations on
shooting stars made from August 11 to August 14 at the
Observatory of Paris, by Mile. D. Klumpke. About thirty
meteors were observed during four nights, of which some
came from Perseus and others from the polar region.
The former were white, short and very rapid, the latter
luminous and coloured.—Observations of the sun made at
the Observatory of Lyons with the Brunner equatorial during
the first quarter of 1900, by M. J. Guillaume. The results
are given in three tables showing the number of spots, their
distribution in latitude, and the distribution of faculse in
latitude.—On the composition of the air in a vertical section,
and on the composition of the upper layers of the terrestrial
atmosphere, by M. G. Hinrichs. By applying a formula of
Laplace, the composition of the air is deduced at different
levels. From these calculations, carbon dioxide would dis-
appear at 30,000 metres, argon at 60,000 metres. At 100,000
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metres the air would consist of oxygen 0*3, nitrogen 4*6
and hydrogen 95 i per cent.—On the dielectric cohesion of
gases, by M. Bouty. When a gas contained in an insulating

vessel is placed in a constant electric field, there is a certain

critical pressure above which the gas acts as a dielectric,

and below which the discharge passes. The relation between
this critical pressure (/) and the field {y volts per centimetre)
has been studied for three gases—hydrogen, air and carbon

dioxide. For low pressures the relation found is y = a -v —
I f

For higher pressures the curve is practically coincident with
the asymptote, j = a f b^^p -f ir).—On the extraction of oxygen
from the air by solution at a low temperature, by M. Georges
Claude. Various solvents for air have been tried at low tem-
peratures in the hope of discovering a liquid in which the
difference of solubility of the two gases would be very marked.
The experiments, however, were unsuccessful, as it was
found that at low temperatures the solubility of the nitrogen
increased, so that starting with a mixture containing 65 per
cent, of oxygen, after solution and boiling out, the amount of

oxygen was practically unchanged, amounting in no case to

more than 70 per cent.—On the pyrogallol-sulphonic acids, by
M. Marcel Delage.—On the dextrins of saccharification, by
M. P. Petit. The results obtained by the action of diastase

upon starch were very divergent, depending upon the age of the

diastase and the conditions under which it had been preserved.

—On the use of sodium peroxide for making wholesome wells

containing carbonic acid, by M. E. Derennes. The use of

milk of lime for the absorption of dangerous amounts of

carbonic acid contained at the bottom of a well has the dis-

advantage that the residual gas may consist almost entirely of

nitrogen. The substitution of sodium peroxide for lime would
ensure as much oxygen being given off as carbon dioxide

absorbed.
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THURSDAY, SEPTEMBER 6, 1900.

A NEW DEPARTURE IN THE TEACHING
OF ZOOLOGY.

Introduction to Zoology : a Guide to the Study of
Animals, for the use of Secondary Schools. By C. B.

Davenport, Ph.D., and Gertrude C. Davenport, B.S.

Pp. xii + 412. (New York : The Macmillan Co.

London : Macmillan and Co., Ltd., 1900.)

THE senior author of this book is well known in

zoological circles for his two-volume work on

"Experimental Morphology"—one of the most novel and
ambitious of modern text-books ; and his wife, whose
aid he acknowledged in its preface, now appears as

joint author of the present equally ambitious production,

which has for its object nothing short of a revolution of

the methods of zoological teaching in vogue in the

secondary schools of the United States. The key to the

plan of the work and nature of its contents lies in the

prefatory pronouncement that the "vast majority of

secondary students are not to be zoologists, but rather

men of affairs," and that " what the ordinary citizen

needs" zoologically is (not a course in comparative

anatomy but) "an acquaintance with the commonest
animals"—a knowledge of "where else over the world

the common animals of his State are to be found, and of

how animals affect man," and that to know these matters

is for him " more important than to know the location of

the pedal ganglion of the snail." There can be little

doubt that in this resolve the authors are in agreement
with a large section of active teachers, but it must not be

forgotten that the didactic system of laboratory instruction

in vogue, against which they are in the long run entering

a protest, has in its development become modified beyond
the conceptions and intentions of its founders, and that

as originally planned it did not ignore non-anatomical

considerations to the extent their attitude implies. In

their forcible recognition of the later tendency towards

so doing, however, and their bold attempt to overcome
it, they have performed a useful task, but experience can

alone decide upon the wisdom of the remedy they

propose.

Their book is of 336 pages, excluding appendices, and
is divided into twenty-one chapters. The first four

chapters deal with the Insecta, and then follow one each

devoted respectively to the Myriapoda and Spiders, two
each to Crustacea, Worms and Molluscs, one each to

the Echinodermata, Calenterata and the Protozoa, and
then a series on the Vertebrates taken in ascending

order, the whole closing with a novel chapter on the

frog's egg as a study in development. The plan adopted
in each chapter is much as follows :—Opening with a con-

cise statement of the systematic position and relationships

of an order or other great group of animals conveniently

selected (with a definition of its name usually in a foot-

note), there follows a very brief description of the habitus,

and if so be the food and other special topics of interest,

of one or more of its familiar species. There is then
given a short descriptive account of its more familiar

allies, and it may be of its development ; and the whole
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chapter is brought to a close by an appendix, in the

form of a key to the families of the order to which the

type chosen belongs, or to the orders of the class or

other great divisions of the group under consideration,

while in places an accompanying key to the identi-

fication of members of allied subfamilies may be added

or incorporated. The plainest and most concise terms

are adopted, and there is a tolerably free use of illustra-

tion, preference being given to photographs of entire

animals, often with their natural surroundings, in many
cases with marked success ; and it cannot be denied that

the authors have been desperately earnest in the task of

selection and compilation. The body of the work is

followed by three main appendices, of which the second

is a bibliographic list embodying a none too fortunate

selection of books of reference, the third a synopsis of

the " animal kingdom," and the first an outline of a course

of laboratory work upon the type-organisms selected as

titular for the main chapters. Novelty here is as great

as with the rest of the book, for in the " Exercises " pre-

scribed, after each type-organism has been referred to

its habitat, with brief directions for its capture and pre-

servation in the Jiving state where necessary or desir-

able, there follow instructions for drawing, and series of

questions, framed with a view of compelling the observer

to determine details for himself, and not of pointing out

the precise nature and limits of the observation he is

expected to make, as is customary with most laboratory-

treatises current. " Hints for observations on the living

animal" usually follow, as do "Topics for further study."

This very novel scheme is the outcome of experience

gained while aiding in the conduct of the zoological

affairs of the Harvard University, and as here delimited

it is prescribed " for use in schools that can give to the

subject five periods per week for half a year," at dis-

cretion and with modification determinable by local

needs. The book thus embraces a very ambitious pro-

gramme, and we question if the most hopeful aspect of

the undertaking is not simply the better encouragement

of field-work and of observation of nature in the open,

in respect to which our existing methods do perhaps

stand in need of reform.

It appears to us. however, that too much has been

attempted within the limits of the book, that there is

danger in its too frequent brevity of statement, and that

it stands in need of a greater uniformity of treatment.

What, for example, is. to be gained by merely referring

to the Tunicata as " Chordata which are either attached

or form colonies, or both " (which is an erroneous state-

ment), and as a group of Invertebrates which "lie

nearest to the stem from which the Vertebrates arose,"

when whole paragraphs are given to far less generally

important assemblages of forms ? What also the use of

defining the Stomatopoda as including " only Squilla,"

and then Cumacea, Isopoda and Amphipoda as embracing

a number of forms .'' The inclusion of the Sponges in the

Coelenterata ; the old-fashioned classification of birds, with

the RatitiE referred to the order " Cursores"; the in-

clusion of the Bryozoa on one page among the Gephyrea

and Leeches ("Annelida"), and on another among the

" Scolecida" ! can only be cited as examples of classifi-

catory treatment sorely in need of revision ; while among

U
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definitions given we note a frequent lack of accuracy and

precision, as, for example, with that of the Ophidia as

having their "eyelids absent." The senior author's pre-

vious work explains the introduction of experimental

observations of the antenniform-ophthalmite order, and

brief note is taken of " variation " and abnormality. The

social life and " language " of ants, protective resemblance

and mimicry among the Lepidoptera, the habits of the

spiders, and many other similarly fascinating topics

receive in due course passing consideration. The reader

will put down the book feeling the better for its perusal

and with a desire to know more, while its " keys" to the

identification of the common forms of life, oft overlooked

because always present, but withal foremost in their

claims on our attention, will prove useful and encouraging.

We are doubtful, however, whether the authors would not

have done better to have attempted less and that more

uniformly, and whether they are justified in their refrain

that in matters of elementary scientific education the

mere " needs " of the ordinary citizen are to be alone

gratified. We are by no means convinced that this

argument is sound. Their method would seem likely

to discount the teacher's important function of deciding

what is to be left untaught—a matter of the utmost

urgency in elementary scientific work. We shall watch

with interest the development of their scheme.

COLOUR PHOTOGRAPHY.
A Handbook of Photography in Colours. By Thomas

Bolas, Alexander A. K. Tallent and Edgar Senior.

Pp. viii + 343. (London : Marion and Co., 1900.)

THE preface or introduction is written by the

publishers, and is immediately followed by an

index. Then follow three "sections." (i ) 85 pages,

by Mr. Bolas, on the " Historical Development of Helio-

chromy. General Survey of Processes. Direct Helio-

chromes on Silver Chloride." (2) 205 pages, by Mr.

Tallent, on " Three-colour Photography." (3) 27 pages

by Mr. Senior, on " Lippmann's Process of Interference

Heliochromy." Each section is quite distinct from the

others, except that they are bound into one volume and

indexed together ; there is therefore much repetition.

For example. Maxwell's colour-sensation curves and
Abney's revised curves are each given twice (the two

renderings, by the way, are not identical), and Lipp-

mann's formula for his emulsion is given at p. 55 and also

at p. 332. Careful editing would have avoided such

waste of space. Some of the diagrams are drawn with

exceedingly thick lines, and are provided with very large

heavy lettering, while others incline rather in the oppo-

site direction. Some of the spectra as drawn for showing

absorption, sensitiveness and so on, have the red to the

left-, and others the red to the right-hand side ; some are

normal, and others are as produced by prisms. It may
be said that these are quoted from various sources ; but

in a volume in which it is thought necessary to explain

with a large diagram the refraction of light on passing

from air into water, surely a little explanation of these

differences is desirable. At p. 180, a spectrum which is

normal is described as " prismatic." The volume appears

not to have been edited at all, therefore the only way to
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do justice to the authors is to regard it as three distinct

books.

Mr. Bolas gives an excellent summary of the whole
subject, both historical and practical. As a careful com-
piler should do, he has erred, if it be an error, in including

too much rather than too little. Carey Lea's highly

coloured partial reduction products of the halogen salts

of silver might have been passed by, by some writers, as

well as other references to conjectures. Zenker's work
and Wiener's investigations are described intelligibly,

although concisely ; indeed, the author has evidently

spared no pains to give every one his due, and to use to

the best advantage the small space at his disposal.

Mr. Tallent begins his section with several pages on

the properties of light and the construction of ordinary

spectroscopes—matter which, we think, might well have

been omitted in order to make room for the treatment of

subjects for which the reader is often referred to other

books or articles. The peculiar firework-like diagram at

p. 112, given to illustrate dispersion, is more likely to

mislead than assist the student ; and some of the other

diagrams might have been made more clear, in spite of

the extraordinary boldness of the drawing and lettering.

Mr. Tallent has gathered together a great deal of in-

formation about three-colour work, which he presents in

the form of notes rather than as a treatise. It is doubt-

less advantageous in some cases to supply the raw

material only, but the possession of bricks and mortar

does not enable every one to build himself a house. If

the very popular style of description sometimes adopted

were given up in favour of more technical details, and

if the practical applications of the various principles

were more closely associated with the enunciation of the

principles themselves, we think that the book would be

more useful to the large majority of those who will read it.

But we must be grateful to Mr. Tallent for having made
a beginning in the getting together of the hitherto widely

scattered items of the subject. His work must be of con-

siderable assistance to any one following him, and we
hope -that later on he himself may be able to give us a

treatise founded on these notes.

Mr. Senior treats only of Lippmann's interference

process, and he writes on this with authority, for he has

given the matter much practical attention, and has pro-

duced some of the best examples that have been seen.

He gives his formuUe and methods apparently without

any reserve, as well as the published formulas of other

notable workers. He precedes the practical details with

a few pages on the optical principles involved, setting

forth clearly the character of " stationary waves." We
think that most people reading p. 323 would consider it

as showing that the colours reflected from a Lippmann

photograph are complementary to those of the objects

photographed, but it is quite obvious that Mr. Senior does

not intend to convey this impression.

The publishers, in their preface, state that thirty-one

years ago they published the pioneer work on photo-

graphy in colours (by Ducos du Hauron), and they feel

satisfaction now in following up the line they " opened up

over a quarter of a century ago." All who are interested

in the subject will feel thankful to Messrs. Marion and Co.

for having done so. C. J.
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OUR BOOK SHELF.
Probleme Kritische Sltidien iiber den Monismus. Von

Dr. H. V. Schoeler. Pp. viii + 107. (Leipzig : Engel-
mann, 1900.)

Dr. von Schoei.er's critique of monism is the work of
a mind which, with all reverence for scientific fact, has
nothing but disdain for post-scientific theory. The
monism of which Haeckel, for instance, or Romanes is

the exponent, has captured many scientific intellects, but
it is in Dr. von Schoeler's view an arbitrary conceptual
construction. It leaves the problems still with us. Of
the ultimates of physics, of biology, of psychology, we
know but little, and that little makes against such monism.
Life is more than knowledge, and will find emancipation
neither in science nor in religion, but in art.

Dr. von Schoeler's discursive criticisms of a variety of
attempts at construction, or steps towards construction,
are of somewhat unequal value, but not uninteresting.

They enter into some detail, and might well give pause
to any one who is inclined to build a system without
straw to his bricks. But, if it be true that a man's nay
has no meaning apart from the underlying and implied
yea, the unsatisfactory character of our author's positive

teaching must reflect upon his polemics. The way in

which he couples Plato and W. K. Clifford on p. 95
suggests doubts as to his insight. Those who allow that

current mechanical theories are tending more and more
to immaterialism, that organic evolution reduced to its

facts cannot assert even descriptive continuity unhypo-
thetically, and that for a deduction of consciousness from
the non-conscious we have not so much as the point of

departure, will be left cold by Dr. von Schoeler's appeal
for Diploismus, and his enthusiasm for Goethe's Weltan-
schauung made complete in the light of Kant's. The
duality for which he goes to Bruno's gemini efficientes

falls even for Dr. von Schaeler within a monism (v. p. 97,
11. 1-4). And Kant's provisional dualism does not exclude
a hypothetical monism, idealist or agnostic. Only the

resolution of it from the standpoint of understanding is

not achievable, and from any other standpoint it cannot
be more than hypothetical.

It is doubtful, finally, whether Dr. von Schoeler quite

understands in what sense a system admits certain unex-
plained points as truly problems, and in what sense it

claims to solve them. Is the origin of motion a problem
recognised by monism as one which it must attempt to

solve ? And is not metaphysic always, so to speak, a post
mortem examination ? The " gray in gray " of philosophy
is a commonplace :

" the owl of Athene wings for flight

only when twilight falls." H. W. B.

Diamond Drilling for Gold and other Minerals. By
G. A. Denny. Pp. X-M58. (London: Crosby Lock-
wood and Son, 1900.)

vi the Paris Exhibition of 1867 much interest was
aroused by Leschot's invention for cutting through hard
rock by diamonds in rapid rotation. Originally intended
for use on a small scale, this method was soon applied by
Major Beaumont and others to deep boring ; and the
great improvements made of recent years in the con-
struction of the instruments used, and the large amount
of experience that has been gained by their general use
in mining districts, have added so much to the importance
of the subject of boring, that it is no longer possible to

deal with it adequately in a chapter of a general treatise

on mining. An mdependent work is needed. In German,
this exists in Tecklenburg's monumental work. In
English, however, Mr. Denny's handbook is the first to

give a detailed account of the use of modern diamond
core-drills in searching for mineral deposits. The work,
which covers 158 pages, contains much information of a
practical character, including particulars of the cost of
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apparatus and of working. It is, unfortunately, limited

in its scope. South African conditions are alone con-
sidered, and the descriptions of the drills are confined to

machines made by two American firms. The numerous
well-designed drills of English and Continental make
are not mentioned. The work cannot, however, fail to be
of value to any one contemplating using diamond-drilling
machines for the examination of mineral lands in South
Africa.

The author gives some interesting results, deduced
from his own experience, of the rate of progress of
machine diamond drilling in various rocks. For holes

up to 1000 feet he finds that, including all normal delays,

the rate averages per week : in limestone, 150 to 200 feet ;

in Carboniferous sandstone, 1 50 feet ; in slate, 100 to 1 50

feet; in greenstone, no feet; in basalt, conglomerate,
diabase, diorite and dolomite, 100 feet ; in porphyry,
90 feet ; in quartz, 85 feet ; in granite, 73 feet ; and in

chert, 60 feet. As regards the cost of drilling, the author
points out that diamond drilling on the Witwatersrand
is almost always done by contract, the reasons being that

men with the requisite experience are not easily secured,
and that a mining company rarely has sufficient work to

justify the outlay upon the plant. The average tender
for a hole 3000 feet deep would work out at about yjs. 6d.

per foot, the price being fixed on a sliding scale, say 25J.

per foot for the first 500 feet, and rising by 55. per foot

every 100 feet. If the company undertook the work on
its own account, the cost per foot would be about 26s. M.,
or 3950/. for the 3000 feet. This with 2340/., the

cost of drilling outfit, brings the total cost of the hole to

6290/., as compared with 5625/., the contractors' price.

It is to be regretted that the author has not compared
these prices with those obtaining elsewhere. The bore-

hole at Paruschowitz in Upper Silesia, for example, the

deepest in the world, completed to a depth of 6566 feet

in 1893, was bored by the diamond drill. The average
rate of progress was 16^ feet a day, and the cost was
3761/., or 35^. a yard. Details of the average working
cost of diamond drills in \'ictoria and New South Wales,
which are published annually in the Government reports,

might advantageously have been cited for purposes of

comparison. B. H. B.

Symons's British Rainfall, 1899. Compiled by H.
Sowerby Wallis. Pp. 251. (London : Edward
Stanford, 1900.)

A PORTRAIT of the late Mr. G. J. Symons, the founder
of the British Rainfall Organisation, and an appreciative

tribute to his memory, are naturally found in this volume
—the first to appear without his name upon the title-page.

The thirty-nine volumes for which Mr. Symons was
responsible form a real monument to his industry and
scientific work. Mr. Sowerby Wallis, who was associated

with him for thirty years, will continue the work along
the lines which have hitherto proved so successful.

The usual particulars are given concerning the rainfall

and meteorology of various parts of the British Isles

during the year 1899, as observed at about 3500 stations.

The average rainfall of the ten years 1890- 1899 is dis-

cussed in an article, the values being given for a hundred
stations well distributed over the three kingdoms. The
discussion is only provisional, but so far as it has gone it

indicates that over a large part of the kingdom the rain-

fall in the period considered was deficient by from 5 to 10

per cent, and upwards. Over an area of about 300 miles

long by 100 miles wide, stretching right across the

country from south-west to north-east, the fall for the

period shows a deficiency of 10 per cent, or more. In

other words, accepting the values discussed, it appears
that little more than eight and a half years' rain fell over

a large part of Central England in the ten years 1890

1899.
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LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intended for this or any otherpart of Nature.
No notice is taken of anonymous comviunications.'\

Railways and Moving Platforms.

In reference to Prof. John Perry's letter in Nature of Aug. 30
on the subject of " Railways and Moving Platforms," will you
kindly allow me to state that I worked out a scheme for moving
platforms for railways in India in the year 1877, and that a

paper of mine on the subject was published in the professional

papers of the Thomason Civil Engineering College at Rurki in

India in 1877 o"" 1878?
My plan was to have alongside of the main line a length of

about a mile of level line, with a steep incline at either end, for

the moving platform.

The moving platform would acquire sufficient speed on these

inclines to run alongside of, and be made fast to, a train on the

main line running in the same direction at reduced speed.

After the platform had been made fast, and passengers and
crates of luggage transferred to a similar platform on the train,

the train was to increase its speed, and finally release the plat-

form with sufficient way on to carry it up the incline at the other

end of its run, so as to be in readiness for the next train from the

opposite direction.

This represented the case for moving platforms in its simplest

form to suit Indian traffic. Details, of course, can readily be
supplied. W. Sedgwick

September 3. (Lt.-Col. late R.E.).

The Migration of Swifts.

Referring to the letter of Mr. O II. Latter in Nature of

August 30, there are swifts' nests in the roof of my house, and
the birds went to their nests as usual on the evening of August
II, but on the following evening, Sunday, August 12, they had
gone. In other houses close at hand swifts remained on the

13th and 14th, but by the evening of the 15th all had dis-

appeared. On one occasion some years ago a solitary swift

remained after his companions had departed, and consorted

with the neighbouring house martins until the last week in

September.
A curious occurrence was observed by me on May 26 last, when

the swifts had already been for some time with me But on the

afternoon of that day I was on board the Transatlantique Com-
pany's steamer crossing the Mediterranean from Marseilles to

Algiers in order to observe the total eclipse of the sun. The
boat left Marseilles at one o'clock, and at 4h. 40m. , by which
time we were seventy miles from the land, a flock of birds was
seen following the ship in the distance. In a few minutes they
were flying round the ship, and turned out to be common swifts.

They were estimated to be about 200 in number. They
gradually forged ahead, leaving the ship behind, and in a few
minutes were lost in the distance. Several of the passengers
made a note of the occurrence. The course followed by the

swifts was one or two points to the right of the ship's course, or

about S.S.W., in the direction of the Balearic Islands.

William Andrews.
Steeple Croft, Coventry, September i.

The Reform of Mathematical Teaching.

The deeply interesting letter of Mr. David Mair on the above
subject in a recent number of Nature will no doubt be atten-

tively perused. Many, I imagine, could echo his experience

when he says, speaking of 100 boys at a " well-taught school,"
" hardly one failed to write out the construction and proof, but

only one of the hundred carried out the practical construction.

Clearly our present Euclidian teaching has little to do with
geometry."
Grave dissatisfaction in regard to the study of Euclidian

geometry has long been voiced in Great Britain and in France,

and the reason for the continued lamentable state of things in

that special scientific direction is not, I think, far to seek.

When Euclid, as a practical teacher, made use of his Propo-
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sitions, theory and practice had doubtless that close associatior>

which Mr. Mair appears rightly to desire as a remedy for the
present extraordinary condition of Euclidian study.

Now, if we assume that Euclid's own pupils were first of aU
drilled in a thorough knowledge of the sub-geometric properties
of the cube, we are led largely to modify the supposed indictment
against Euclid's method.

Again, Euclid seems to me to have used constructions, not
only of a strict, but of a particular or edificial nature ; so that,

properly viewed, each succeeding proposition carried, not only
its specific teaching or lesson, but beautiful groups also oi

surrounding truths of an implicit character.

If the foregoing remarks be valid, it is easy to see that only
two serious faults can be charged against Euclid's method

—

namely, the use of false diagrams and indirect deipnonstrations.

The former, of course, being misleading, are not in harmony
with the modern Herbartian cumulative principles of " educa-
tive instruction."

As to the second fault, the splendid argumentation of the
famous Simson in his " Notes" will not, I fear, greatly avail in
Euclid's favour. Mr. Mair rightly vindicates for the pupil the
power of " educational interest," another Herbartian doctrine,
by the by ; and I agree with him that "geometry is in worse
case than algebra," because with the latter, I opine, the notiork

of "izero" inevitably leads the mind towards the necessary
cubical standard.

No one could reasonably wish the true Euclidian or edificial

geometry to be suppressed, but might without presumption
press for a reform in the way of presenting all geometrical
truths by a direct reference to those sub-geometric conditions
which have equal rank with the oldest of nature's immutable
laws.

If for any school or pupil, instead of enlarging the mental
vision, and creating intellectual joys, the Euclidian tasks savour of
prolonged drudgery, mystery and confusion, as they assuredly
often do, such toil should perforce be abandoned to prevent,
at least, waste of time and energy, not to speak of the gair*

to human happiness.

Possibly in the broad expanse of the educational economy the
universities of the world may eventually suggest practical

reforms of a vital kind in the teaching methods that affect

mathematical science.

I am not competent to pursue the subject to any length, but
I might remind students that, although by a sort of repartee to

a kingly personage Euclid said there was '
' no royal road to

geometry," he did not say there was no royal gate to it, and
that I trust I have, however faintly, herein indicated.

August 25. Henry Woollen.

The Trembling of the Aspen Leaf,

It is well known that the vibratory motion of the leaf of the
aspen and other poplar trees is caused by a flattening of the
petiole at its junction with the lamina. The lower part of the
leaf-stalk is elongated and rigid, thus forming a basis upon
which the flattened portion of the stalk can, in virtue of its elas-

ticity, move to and fro as the wind acts upon the leaves of the
tree. It is stated by Kerner that this adaptation prevents the
leaves striking against each other and the branches of the tree,

whereby they might get bruised. In this connection it is a
noticeable fact that the poplars which exhibit this property of
leaf-vibration most strongly have sparsely distributed leaves, and
the foliage is scanty in comparison with other trees of the genus,
especially the abele, or white poplar. ~.

With reference to the abele, it may be noticed that the leaves

which possess the trembling motion in a slight degree are

covered with a white felting, which Kerner asserts is an adapta-
tion to protect the stomata from the excess of atmospheric
moisture which prevails in the damp situations and river-sides

where this tree commonly grows. Yet, it may he noted, the
aspen is found in precisely similar conditions, and must be
affected injuriously by any influence that would act unfavourably
upon the abele. Now, it has occurred to me that the real use
of the vibratory motion of the aspen leaf may be an adaptation

to throw off rapidly the excess of aqueous condensation liable

to take place upon the foliage of trees growing in marshy
situations. I should very much like to hear the opinions of

some of your readers on this point, which, if a true solution of
the matter, is interesting from the fact that the same end is
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secured by very dift'erent means in two plants of the same
genus, and so very much ali^e in all other particulars.

Hobart, July 25. Henry J. Coi.bourn.

Electricity direct from Coal.

With reference to the announcement made in the Daily
Mail of September i, that Thomas A. Edison had com-
pleted a machine for the generation of electric power direct

from coal without the use of engines or dynamos, may I ask

you to reprint a few lines from an article on electric traction

I wrote for you, and which you published on April 12, 1894 ?

" Before electric traction can be employed on a very large

scale, we must possess a means of producing the electricity

on the spot and at the time it has to be used, or, in other

words, we must possess a battery in which the energy of coal

can be transformed directly into electric current, so that we
may do without storage batteries in which to carry electric

energy about, or heavy copper conductors through which to

convey it at moderately low tension from the spot where it is

produced to where it is used, or light aerial conductors through
which to convey it at high tension.

" How long we shall be without this, or how many minds
are engaged in the solution of this or some such problem, we
know not, but the moment it is solved, and solved doubtless

it will be, there will be such a transformation scene in the

industrial applications of electricity as one can hardly con-

ceive. It would mean that for almost all purposes except

those in which heating is required electricity would or could

be used. An electric light-producing battery in every house,

quite independently of any mains in the streets ; an electric

power-producing battery to carry us whither we would on
rail's or on the streets; and in every house to put an end to

all the evils attendant on crowded factories and workshops, in

crowded streets and towns ; such and other advantages would
result from turning electricity from a servant into a master,

from a mere transformer of energy into a source of energy."

E. F. Bamber.
48 St. James's Square, W., September 3.

Artificial Deformations of Heads, and some Customs
connected with Polyandry,

With reference to your note on M. Charles de Ujfalvy's recent

article in FAnthropolo^^ie (p. 323, ante), I may be allowed to

call your attention to the ancient Korean practice of artificially

deforming their heads, which was apparently similar to the
method adopted by the Huns as well as the Huna kings of

India. Thus, the Chinese "History of the Later Han
Dynasty," written in the fifth century, sub. " Eastern Bar-
barians," says : "The people of Ma-Kan (in the south-western
part of the Korean peninsula) wish their heads flat ; so the
head of every child just born they compress with stone to

deform it."

The special horned head-dresses worn by the polyandric
women of the White Huns put in mind the old Japanese usages,

described by Fujioka and Hirade in their " History of the

Japanese Customs and Manners," Tokio, 1897, vol. i. p. 169 :

" In the festival of the god of Tsukuma, every woman had to

go in procession after the holy sedan-chair, with a number of

pans on her head proportionate to her immoralities. In the
temple of Usaka, while the priest was praying in a feast-day,

every woman was scourged on similar principles."

KUMAGUSU MiNAKATA.
I Crescent Place, South Kensington, August 11.

Huxley and his Work.

O.N p. 13 of " One Hundred and One Great Writers," issued

by the Standatd, and presumably edited by Dr. Garnelt, occurs
the following remarkable account of Huxley and his work.
" Huxley's work is that of the populariser, the man 'u<ho makes
few original contributions to science or thought, but states the
discoveries of others better than they could have stated them
themselves." Comment is needless. F. W. Henkel.
Markree Observatory, Collooney, Ireland, August 23.

THE CAUSES OF FRACTURE OF STEEL
RAILS.

"VITHEN the down Scotch express was running through'
* ' St. Neots station, on the Great Northern Railway,,
on December 10, 1895, a rail broke into seventeen pieces,

part of the train left the metals, and a serious accident
resulted. Several features of the report on the mishap,
drawn up in the ordinary course by the late Sir Francis
Marindin, might well have occasioned deep thought,
notably the conclusion that the first fracture of the rait,

took place over a chair at a minute induced flaw, which-
did not exist when the rail was manufactured.
The whole report, however, is suggestive rather than-

explanatory, and the result was the appointment by the
Boardof Trade of a committee to investigate the question
of the loss of strength of steel rails caused by prolonged
use. The committee was a very strong one, and con-
tained some distinguished steel manufacturers, engineers,
metallurgists and chemists. They collected a vast amount
of information, much of it apparently considered unsuit-

able for publication, and made long series of experiments,
many of them, judging from the report, more easily made
than their results explained.

Finally, after four years' work, they have issued a re-

port with the satisfactory featt^ire that practically no-
change is recommended to be" made in the mode 0$
management of the permanent way by the railway
companies.

Pearlite ^^

Steel rail. X 850 d. Showing pearlite and ferrite.

Nevertheless, although no legislation seems likely ;to-

result from the labours of the committee, the evidence-
that has been collected and published in the appendices
to the report is of great scientific interest. The experi-

mental work that was undertaken was divided among
the members of the committee. A number of rails found'

broken on the road, or discarded as worn out, were
selected for examination. Prof. Unwin took charge of
the tests on their hardness, tensile strength and bending
strain, and Mr. Windsor Richards of those on their re-

sistance to the shock of falling weights ; Sir Willian>

Roberts-Austen made inicrographical examination of the
rails, and Dr. Thorpe analysed them. Sir Lothian Belk

includes in his comprehensive memorandum details of
a number of mechanical tests on rails, and Prof. Dunstaiv
gives an interesting account of the effects of atmospheric
corrosion.

Interest naturally centred around the St. Neots raiL
It was found to be of ordinary composition, and the
mechanical tests applied to it showed that the steel was-

of variable, but, on the whole, of good quality. It was
only on microscopic exainination that the extraordinary
character of the rail became evident. Good rail steel,

according to Sir W. Roberts-Austen, consists of "fernte,"'

or iron free* from carbon, and " pearlite," which is a
mixture of alternate bands of ferrite and "cementite"
(the carbide corresponding to the formula FegC). The
structure is shown m Fig. i, a reproduction of a micro-
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graph of rail steel magnified 850 diameters, in which

the light constituent is ferrite, and the alternate bands
of ferrite and cementite together make up the constituent

pearlite. Well-developed pearlite with a conspicuous

banded structure is characteristic of good rail steel. It

is the form of carbide produced by slow cooling. When,
however, steel is hardened by " quenching," pearlite is

no longer to be found, and the whole mass consists of

interlacing crystalline fibres devoid of banded structure,

and is called " martensite."

With regard to this, Sir William Roberts-Austen says :

*'The detection of martensite in a rail should at once
cause it to be viewed with extreme suspicion, as showing
that the rail is too hard locally to be safe in use." An
examination of the running edge of the St. Neots rail

(Fig. 2) showed that a surface layer of about i/iooth

of an inch thick existed, in which the carbide was mainly
in the form of martensite.

This surface layer forms the lighter upper part of the

figure, while the darker portion below it shows the usual

assemblage of pearlite and ferrite granules. The actual

unning edge is shown against the dark space at the top

shock to spread through the mass. The induced flaws
of Sir Francis Marindin might thus be explained.
On the other hand, a warning note is struck by Prof.

Unwin, who points out that minute transverse fissures are
common on the rolling surfaces of old rails ; and as only
one rail in 2000 or 3000 breaks on the road, the others
being discarded as worn out, it must be rare for such
fissures to spread into the substance of the rail. It is

suggested that if much silicon is present, the spreading
of fissures becomes more rapid ; but the St. Neots rail

contained only 0*09 per cent, of silicon, an amount well
within the limits of composition put forward by Messrs.
Windsor Richards and Martin as suitable for rail steel.

On considering the problem of how martensite can
be formed on the rolling surfaces, it is again evident
that the St. Neots rail is a remarkable exception. All
old rails become " hammer-hardened " on the surface by
long use, and their strength and percentage of elongation
may be increased by annealing, but no clear case of any
production of martensite in this way could be obtained.
The effect produced by the "cold-rolling" action of

Fig. 2.—St. Neots rail, running edge. Pearlite passing into martens!

X 140 D. Fio. 3.—St. Neots rail, rolling surface.

of the figure. Martensite was also found in small patches

in some other worn and broken rails, but to a far less

extent, the St. Neots rail being unique in this respect.

The questions that naturally presented themselves on
this discovery were, first, How far would this structure

account for the brittleness of the rail ? and secondly, How
had the martensite been produced ? With regard to the

first question, the rolling surface of the St. Neots rail

was found to be traversed by a number of transverse

cracks (Fig. 3), some just passing through the

hardened skin, others running into the substance of the

rail. The upper surfaces of rails are subject to tension

over chairs by the weight of passing trains applied

between the chairs, and cracks are formed in this way.

To reaUse the importance of these cracks, it is only

necessary to turn to Mr. Martin's memorandum. He
found that a heavy steel rail nicked with a chisel to a
depth of i/64th of an inch broke under the weight of six

hundredweight let fall from a height of twelve feet, while

the same rail, if not previously nicked, resisted success-

fully the fall of a ton weight from a height of twenty
feet. The loss of strength due to these minute cracks is

therefore amazing, and can only be accounted for on the

hypothesis that shallow nicks are readily induced by
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passing trains on steel is shown in Fig. 4, which is a

photograph enlarged 140 diameters of the running edge

of a rail taken up after ten years' wear. The direction of

the granules is changed in the surface layer, but other-

wise the structure is unaltered. Roberts-Austen succeeded

in producing a structure like that of the St. Neots rail,

but only by local heating with an electric arc. With
regard to this, he observes that this experiment " points

to the probability that local heating of a rail by skidding,

followed as it would be by the rapid abstraction of the

heat by the mass of the cold rail, can produce patches of

I

martensite, though it may be very difficult in the labor-

j

atory to imitate the actual conditions by mechanical

means." He seems to think that " the structure of the

St. Neots rail would point to the changes having been

effected while the rail was actually in use."

Although the St. Neots rail has thus baffled the com-

mittee, inasmuch as they cannot say definitely whether

other rails are likely to be altered in the same way, it is

evident that one of the most important results of their

labours will prove to be the full realisation of the fact

that steel possesses a complex structure which can be

studied with the microscope, that this structure varies

greatly with the mechanical and thermal treatment to
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which it has been subjected, and that the durability of

the rail depends on its structure.

Apart from the micrographical appendices, much in-

teresting information may be obtained from a study of

the mechanical tests, and some of the conclusions drawn
by Prof. Unwin from these are among the most definite

in the report, though they do not go far to explain the

St. Xeots mishap. It is found, for instance, that rails

Fig. 4 — Running edge showing " flow." x 140 d.

generally break near their ends "owing to greater strain-

ing action due to discontinuity at the joint," and that the

fish-joints are an unavoidable source of danger. It is

also found that a rail is more liable to break when its

worn head is turned down, as usually happens after a few

years' use in the case of double-headed rails. Consider-

ations of space alone prevent these points from being

dealt with at greater length.

THE BRADFORD MEETING OF THE
BRITISH ASSOCIATION.

THE final arrangements for the Bradford meeting
of the British Association are now complete, and

there is every indication that the gathering will be
one of the largest that has been held in recent years.

Representatives of scientific institutions are coming from
nearly every country in the world ; and there are dele-

gates from the United States, Canada, the Cape, New
Zealand, the West Indies, India, France, Germany,
Russia, Denmark and Sweden, Spain, Italy and Greece.
The Bradford people have come forward in a most
willing manner to offer hospitality to the visitors, and a
large proportion of the strangers will at any rate have
had the opportunity of accepting private hospitality.

In our last article we dealt with the excursion pro-
gramme. We propose now to say something about the
various social functions which have been organised for

the week.
The first social gathering will be a reception at the

Municipal Technical College this afternoon (September 6).

Mr. W. E. B. Priestley, the chairman of the Technical
Instruction Committee, will welcome the visitors ; and,
alter partaking of afternoon tea, they will be escorted in

small bodies round the building, to see the textile

exhibition, and the various processes of the textile

industries. On the evening of the same day ( Fhursday)
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the Mayor and Mayoress have invited the Association to

a conversazione in St. George's Hall. The building will

be elaborately decorated, and music will be provided by
a large string band, under the conductorship of Mr. I.

Shepherd. There will be exhibits of various scientific

novelties in different parts of the building ; and the
galleries will be specially levelled-up for refreshment and
supper buffets. The 2nd West York .Artillery Volunteers

are providing a (iuard of Honour to line the
staircase.

At the conclusion of Prof. Gotch's lecture on
Friday night there will be a smoking concert
at the Technical College in honour of the
President, for which various well-known elocu-

tionists have been engaged.
On Monday, September 10, the Mayor and

Corporation are inviting all persons attending
the meeting to a large garden-party in Lister

Park. The portion of the park where the
guests will chiefly collect will be that above
the lake. Around or in this space there will

be several refreshment tents, and in front of
each will be little tables in the open, surrounded
by chairs, after the style of the foreign cafes.

The lake will be decorated by means of Venetian
masts and flags ; while some new boats will be
out, with boatmen in suitable garb in charge of
them. The Black Dyke Band plays near the
lake, and the band of the Bradford Rifles at the
high end of the park. Archery and other
amusements will be provided ; and in one
corner there will be some ballooning experi-

ments under the direction of the Rev. J. M,
Bacon, who is well known just now in con-
nection with the trials which, in conjunction
with Admiral Fremantle, he has been making

in improved military signalling from balloons. Prob-
ably Mr. Bacon will be accompanied by the Admiral.
It is proposed to erect a 70-foot pole about 30 yards
from the balloon, and another, of equal height, in the
furthest corner of the park ; and, somewhere between the
two, it will be attempted to explode a mine by means
of wireless telegraphy, an experiment which was recently

successfully performed at Newbury. Mr. Nevil Maskelyne
will take part in the wireless telegraphic experiments, in

order to exhibit the new receiver which he has patented
and sold to Lloyd's.

On Tuesday the Mayor and Corporation are inviting

the Association to a soiree in St. George's Hall. The
arrangements will be somewhat similar to those on the

occasion of the Mayor's function on the preceding
Thursday, excepting that the music will be provided by
the band of the Artillery Volunteers.

On Wednesday various private garden-parties will take
place. Mrs. Henry lUingworth has invited 150 members
of the Association to visit her grounds, for tea, tennis and
croquet ; and there will be music for those who prefer to

rest after their labours. There will also be a garden-
party at Ferniehurst, Baildon, by the kind invitation of
Mr. and Mrs. G. C. Waud ; a procession of prize-winning

hackneys will take place in the course of the afternoon
;

and also sheep-dog trials, for which most of the celebrated

dogs in the North Country have been brought to-

gether.

Messrs. Wm. Fison and Co. have also invited a
hundred members to a garden-party at Greenholme,
where, after tea, they will have an opportunity of visiting

the turbine machinery and their textile works. Another
function on the same day will be a garden-party at Royds
Hall, by the kind invitation of the Low Moor Iron

Company. The visitors will first be taken round the

foundries to see some smelting work, and to examine
some of the most striking parts of the machinery.
On the evening of Wednesday (the 12th) there will be
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a grand concert in St. George's Hall, at which Madame
Ella. Russell will be the privid donna. The Bradford

Perriianent Orchestra^ under the conductorship of Mr.

Frederick Cowen, will render a very interesting pro-

gramme ; and the Festival Choral Society are to perform

certain celebrated items from the works of Handel,

"Wagner and Sullivan.

A temporary museum, illustrative of papers read before

the Sections, will be provided in the Girls' Grammar
School. Its primary object is to afford a space where
those who read papers can deposit any specimens or

apparatus which they may show, and which thus can be

examined more at leisure than in the Section Room. In

addition, the Bradford officials have endeavoured to get

together some choice geological specimens of local

interest, which will illustrate the discussions to take

place in the Geological and Botanical Sections on
'the origin of coal ; and also specimens illustrating the

jreef-knolls of the Craven district, which have been the

-subject of controversy in recent years. Further, Mr.
Butler Wood, the chief librarian under the Bradford

•Corporation, has taken under his care a collection of

local prehistoric specimens.
Amongst the readers of papers, Mr. J. J. Stead, of

Middlesbrough, will e.xhibit specimens of metals, treated

by a peculiar method which he has discovered. There
•will be numerous maps, principally geological—several
dealing with the investigation of the underground water-

courses of Malham and Ingleborough. There will also

be a contribution, by Mr. A. D. Ellis, of a number of

rare and valuable atlases, of the sixteenth to the eighteenth

centuries ; while various lantern slides used in the Sections

ivill be shown on transparent screens. In addition, the

Science and Art Department have promised the loan of

the bett work that was done in the recent National

Competition ; and the collection from South Kensington
lis expected to be of an exceptionally attractive character,

representing, as it does, the cream of the best work of

the Art Schools of the country. It is intended that the
j

•exhibits shall be largely illustrative of the products of

Bradford, and that they shall also illustrate, to a certain
!

•extent, the work that is being done at the Municipal
\

Technical College. Ramsden Bacchus.
j

Inaugural Address by Prof. Sir William Turner,
M.B., D.C.L., D.Sc, F.R.S., President of the
Association. '

Twenty SEVEN years ago the British Association met in

Bradford, not at that time raised to the dignity of a City. The
meeting was very successful, and was attended by about 2000
persons—a forecast, let us hope, of what we may expect at the

f)resent assembly. A distinguished chemist, Prof. A. W.
Williamson, presided. On this occasion the Association has

selected for the presidential chair one whose attention has been
;given to the study of an important department of biological

science. His claim to occupy, however unworthily, the distin^

jguished position in which he has been placed rests, doubtless,

x)n the fact that, in the midst of engrossing duties devolving on
a teacher in a great University and School of Medicine, he has

•endeavoured to contribute to the sum of knowledge of the

science which he professes. It is a matter of satisfaction to

tfeel that the success of a meeting of this kind does not rest upon
the shoulders of the occupant of the presidential chair, but is

•due to the eminence and active co-operation of the men of

science who either preside over or engage in the work of the
\

«ine or ten sections into which the Association is divided, and
•to the energy and ability for organisation displayed by the

4ocal Secretaries and Committees. The programme prepared '

+)y the general and local officers of the Association shows that ..

no efforts have been spared to provide an ample bill of fare,
I

l)oth in its scientific and social aspects. Members and Associates
|

-will, I feel sure, take away from the Bradford Meeting as

pleasant memories as did our colleagues of the corresponding

Association Fran9aise, when, in friendly collaboration at Dover '

last year, they testified to the common citizenship of the I

Universal Republic of Science. As befits a leading centre of
industry in the great county of York, the applications of
science to the indiistrial arts and to agriculture will form subjects
of discussion in the papers to be read at the meeting.

Since the Association was at Dover a year ago, two of its

former Presidents have joined the majority. The Duke of
Argyll presided at the meeting in Glasgow so far back as 1855.
Throughout his long and energetic life, he proved himself to be
an eloquent and earnest speaker, one who gave to the considera-
tion of public affairs a mind of singular independence, and a
thinker and writer in a wide range of human knowledge. Sir

J. Wm. Dawson was President at the meeting in Birmingham iit

1886. Born in Nova Scotia in 1820, he devoted himself to the
study of the Geology of Canada, and became the leading
authority on the subject. He look also an active and influential

part in promoting the spread of scientific education in the
Dominion, and for a number of years he was Principal and
Vice-chancellor of the M'Gill University, Montreal.

Scientific Method.

Edward Gibbon has told us that diligence and accuracy are
the only merits which an historical writer can ascribe to himself.
Without doubt they are fundamental qualities necessary for

historical research, but in order to bear fruit they require to be
exercised by one whose mental qualities are such as to enable
him to analyse the data brought together by his diligence, to

discriminate between the false and the true, to possess an insight

into the complex motives that determine human action, to be
able to recognise those facts and incidents which had exercised

either a primary or only a secondary influence on the affairs of
nations, or on the thoughts and doings of the person whose
character he is depicting.

In scientific research, also, diligence and accuracy are funda-
mental qualities. By their application new facts are discovered
and tabulated, their order of succession is ascertained, and a
wider and more intimate knowledge of the processes of nature
is acquired. But to decide on their true significance a well-

balanced mind and the exercise of prolonged thought and
reflection are needed. William Harvey, the father of exact
research in physiology, in his memorable work, " De Motu
Cordis et Sanguinis," published more than two centuries ago,

tells us of the great and daily diligence which he exercised in

the course of his investigations, and the numerous observations
and experiments which he collated At the same time he
refers repeatedly to his cogitations and reflections on the meaning
of what he had observed, without which the complicated move-
ments of the heart could not have been analysed, their significance

determined, and the circulation of the blood in a continuous
stream definitely established. Early in the present century,

Carl Ernst von B.ier, the father of embryological research,

showed the importaice which he attached to the combination of

observation with meditation by placing side by side on the title

page of his famous treatise, " Ueber Entwickelungsgeschichte der

Thiere " (182S), the words Beobachtttn^^ und Reflexion.

Though I have drawn from biological science my illustrations

of the need of this combination, it must not be inferred that it

applies exclusively to one branch of scientific inquiry ; the con-

junction influences and determines progress in all the sciences,

and when associated with a sufficient touch of imagination,

when the power of seeing is conjoined with the faculty of fore-

seeing, of projecting the mind into the future, we may expect
something more than the discovery of isolated facts ; their

co-ordination and the enunciation of new principles and laws
will necessarily follow.

Scientific method consists, therefore, in close observation,

frequently repeated so as to eliminate the possibility of erroneous

seeing ; in experiments checked and controlled in every direc-

in which fallacies might arise ; in continuous reflection on the

appearances and phenomena observed, and in logically reasoning

out their meaning and the conclusions to be drawn irom them.

Were the method followed out in its integrity by all who are

engaged in scientific investigations, the time and labour

expended in correcting errors committed by ourselves or by

other observers and experimentalists would be saved, and the

volumes devoted annually to scientific literature would be

materially diminished in size. Were it applied, as far as the

conditions of life admit, to the conduct and management of

human affairs, we should not require to be told, when critical

periods in our welfare as a nation arise, that we shall muddle
through somehow. Recent experience has taught us that wise
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liscretion and careful prevision are as necessary in the direction

t public affairs as in the pursuit of science, and in both
instances, when properly exercised, they enable us to reach with
com^iaralive certainty the goal which we strive to attain.

Improvements in Means of Observation.

Whilst certain principles of research are common to all the
ciences, each great division requires for its investigation
necialised arrangements to insure its progress. Nothing con-
ributes so much to the advancement or knowledge as improve-
nents in the means of observation, either by the discovery of
new adjuncts to research, or by a fresh adaptation of old
lethods. In the industrial arts, the introduction of a new kind
f raw material, the recogni;ion that a mixture or blending is

often more serviceable than when the substances employed are
uncombined, the discovery of new processes of treating the
articles used in manufactures, the invention of improved
machinery, all lead to the expansion of trade, to the occupation
f the people, and to the development of great industrial

centres. In science, also, the invention and employment of
and more precise instruments and appliances enable us to

reciate more clearly the signification offacts and phenomena
ich were previously obscure, and to penetrate more deeply
o the mysteries of nature. They mark fresh departures in

! history of science, and provide a firm base of support from
ich a continuous advance may be made and fresh conceptions

of nature can be evolved.

It is not my intention, even had I possessed the requisite
knowledge, to undertake so arduous a task as to review the
progress which has recently been made in the great body of
sciences which lie within the domain of the British Association.
As my occupation in life has required me to give attention to
the science which deals with the structure and organisation of
the bodies of man and animals—a science which either includes
within its scope or has intimate and widespread relations to
comparative anatomy, embryology, morphology, zoology, physi-
ology and anthropology— I shall limit myself to the attempt
to bring before you some of the more important observations
and conclusions which have a bearing on the present position
of the subject. As this is the closing year of the century it

will not, I think, be out of place to refer to the changes which
a hundred years have brought about in our fundamental con-
ceptions of the structure of animals. In science, as in business,
it is well from time to time to take stock of what we have
been doing, so that we may realise where we stand and
ascertain the balance to our credit in the scientific ledger.
So far back as the time of the ancient Greeks it was known

that the human body and those of the more highly organised
animals were not homogeneous, but were built up of parts, the
partes dissiviilares (to av6iJ.oia ixtpij) of Aristotle, which differed
from each other in form, colour, texture, consistency and
properties. These parts were familiarly known as the bones,
muscles, sinews, blood-vessels, glands, brain, nerves and so on.
As the centuriesj rolled on, and as observers and observations
multiplied, a more and more precise knowledge of these parts
throughout the Animal Kingdom was obtained, and various
attempts were made to classify animals in accordance with their
forms and structure. During the concluding years of the last
ceiitury and the earlier part of the present, the Hunters,
William and John, in our country, the Meckels in Germany,
Cuvier and St. Milaire in France, gave an enormous impetus to
anatomical studies, and contributed largely to our knowledge of
the construction of the bodies of animals. But whilst by these
and other observers the most salient and, if I may use the expres-
sion, the grosser characters of animal organisation had been recog-
nised, little wasknown of the more intimate structure or texture of
the parts. So far as could be determined by the unassisted vision,
and so mach as could be recognised by the use of a simple
lens, had indeed been ascertained, and it was known that
muscles, nerves and tendons were composed of threads or
fibres, that the blood- and lymph-vessels were tubes, that the
parts which we call fasciae and aponeuroses were thin
membranes, and so on.

Early in the present century Xavier Bichat, one of the most
brilliant men of science during the Napoleonic era in France,
published his " Anatomic Generale," in which he formulated
important general principles. Every animal is an assemblage of
different organs, each of which discharges a function, and acting
together, each in its own way, assists in the preservation of
the whole. The organs are, as it were, special machines situated
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in the general building which constitutes the factory or body of
the individual. But, further, each organ or special machine is-

itself formed of tissues which possess different properties. Some,
as the blood-vessels, nerves, fibrous tissues. &c., are generally
distributed throughout the animal body, whilst others, as bones,
niuscles, cartilage, &c., are found only in certain defir>ite

localities. Whilst Bichat had acquired a definite philosophical
conception of the general principles of construction and of the-

distribution of the tisjuis, neither he nor his pupil Beclard'
was in a position to determine the essential nature of the
structural elements. The means and appliances at their dis-

posal and at that of other observers in their generation were
not sufficiently potent to complete the analysis.

Attempts were made in the third decennium of this century ta-

improve the methods of examining minute objects by the manu-
facture of compound lenses, and by doing away with chromatic
and spherical aberration, to obtain, in addition to magnification
of the object, a relatively large flat field of vision with clearness
and sharpness of definition. When in January 1830 Joseph
Jackson Lister read to the Royal Society his memoir "Or>
some properties in achromatic object-glasses applicable to the
improvement of microscopes," he announced the principles on
which combinations of lenses could be arranged, which would
possess these qualities. By the skill of our opticians, micro-
scopes have now for more than half a century been constructed
which, in the hands of competent observers, have influenced
and extended biological science with results comparable to-

those obtained by the astronomer through imfMrovements in the
telescope.

In the study of the minute structure of plants and animals the
observer has frequently to deal with tissues and organs, most of
which possess such softness and delicacy of substance and outline
that, even when tnicroscopes of the best construction aie em-
ployed, the determination of the intimate nature of the tissue,

and the precise relation which one element of an organ bears to
the other constituent elements, is in many instances a matter of
difficulty. Hence additional methods have had to be devised'
in order to facilitate study and to give precision and accuracy to
our observations. It is difficult for one of the younger genera-
tion of biologists, with all the appliances of a well-equipped'
laboratory at his command, with experienced teachers to direct

him in his work, and with excellent text-books, in which the
modern methods are described, to realise the conditions under
which his predecessors worked half a century ago. Labora-
tories for minute biological research had not been constructed,
the practical teaching of histology and embryology had not beerv
organised, experience in methods of work had not accumulated ;.

each man was left to his individual efforts, and had to puzzle
his way through the complications of structure to the best of his
power. Staining and hardening reagents were unknown. The
double-bladed knife invented by Valentin, held in the hand, was
the only improvement on the scalpel or razor for cutting thin,
niore or less translucent slices suitable for microscopic examina-
tion ; mechanical section-cutters and freezing arrangements had'
not been devised. The tools at the disposal of the microscopist
were little more than knife, forcepvs, scissors, needles, with
acetic acid, glycerine and Canada balsam as reagents. But
in the employment of the newer methods of research, care has
to be taken, more especially when hardening and staining re-

agents are used, to discriminate between appearances which are
to be interpreted as indicating natural characters, and those
which are only artificial productions.

Notwithstanding the difficulties attendant on the study o. the
more delicate tissues, the compound achromatic microscope pro-
vided anatomists with an instrument of great penetrative power.
Between the years 1830 and 1850 a number of acute observers
applied themselves with much energy and enthusiasm to the
examination of the minute structure of the tissues and organs ir»

plants and animals.

Cell Theory,

It had, indeed, long been recognised that the tissues of
plants were to a large extent composed of minute vesicular
bodies, technically called cells (Hooke, Malpighi, Grew). In
1831 the discoveiy was made by the great botanist, Robert
Brown, that in many families of plants a circular spot, which he
named areola or nucleus, was present in each cell ; and in 1838
M. J. Schleiden published the fact that a similar spot or nucleus
was a universal elementary organ in vegetables. Iri the tissues

of animals also structures had begun to be recognised compar-
able with the cells and nuclei of the vegetable tissues, and in.
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1839 Theodore Schwann announced the important generalisation

that there is one universal principle of development for the

elementary part of organisms, however different they may be in

appearance, and that this principle is the formation of cells.

The enunciation of the fundamental principle that the elementary

tissues consisted of cells constituted a step in the progress of

biological science which will for ever stamp the century now
drawing to a close with a character and renown equalling those

which it has derived from the most brilliant discoveries in the

physical sciences. It provided biologists with the visible

anatomical units through which the external forces operating on,

and the energy generated in, living matter come into play. It

dispelled for ever the old my^tical idea of the influence exercised

by vapours or spirits in living organisms. It supplied the

physiologist and pathologist with the specific structures through
the agency of which the functions of organisms are discharged

in health and disease. It exerted an enormous influence on the

progress of practical medicine. A review of the progress of

knowledge of the cell may appropriately enter into an address
on this occasion.

Structure of Cells.

A cell is a living particle, so minute that it needs a micro-
scope for its examination ; it grows in size, maintains itself in a
state of activity, responds to the action of stimuli, reproduces its

kind, and in the course of time it degenerates and dies.

Let us glance at the structure of a cell to determine its con-
stituent parts and the rdle which each plays in the function to be
discharged. The original conception of a cell, based upon the
study of the vegetaljle tissues, was a minute vesicle enclosed by
a definite wall, which exercised chemical or metabolic changes
on the surrounding material and secreted into the vesicle its

characteristic contents. A similar conception was at first also

entertained regarding the cells of animal tissues ; but as
observations multiplied, it was seen that numerous elementary
particles, which were obviously in their nature cells, did not
possess an enclosing envelope. A wall ceased to have a primary
value as a constituent part of a cell, the necessary vesicular
character of which therefore could no longer be en'ertained.

The other constituent parts of a cell are the cell plasm, which
forms the body of the cell, and the nucleus embedded in its sub-
stance. Notwithstanding the very minute size of the nucleus,
which even in the largest cells is not more than i/5ooth inch
in diameter, and usually is considerably smaller, its almost
constant form, its well-defined sharp outline, and its power
of resisting the action of strong reagents when applied to the
cell have from the period of its discovery by Robert Brown
caused histologists to bestow on it much attention. Its structure
and chemical composition ; its mode of origin ; the part which
it plays in the formation of new cells and its function innutrition
and secretion have been investigated.

When examined under favourable conditions in its passive or
resting state, the nucleus is seen to be bounded by a membrane
which separates it from the cell plasm and gives it the character-

istic sharp contour. It contains an apparently structureless

nuclear substance, nucleoplasm or enchylema, in which are
embedded one or more extremely minute particles called

nucleoli, along with a network of exceedingly fine threads or
fibre-s, which in the active living cell play an essential part in

the production of new nuclei within the cell. In its chemical
composition the nuclear substance consists of albuminous plastin

and globulin ; and of a special material named nuclein, rich in

phosphorus and with an acid reaction. The delicate network
within the nucleus consists apparently of the nuclein, a substance
which stains with carmine and other dyes, a property which
enables the changes, which take place in the network in the
production of young cells, to be more readily seen and followed
out by the observer.

The mode of origin of the nucleus and the part which it plays
in the production of new cells have been the subject of much
discussion. Schleiden, whose observations, published in 1838,
were made on the cells of plants, believed that within the cell a
nucleolus first appeared, and that around it molecules aggre-
gated to form the nucleus. Schwann again, whose observations
were mostly made on the cells of animals, considered that an
amorphous material existed in organised bodies, which he called
cytoblastema. It formed the contents of cells, or it might be
situated free or external to them. He figuratively compared it

to a mother liquor in which crystals are formed. Either in the
cytoblastema within the cells or in that situated external to

them, the aggregation of molecules around a nucleolus to form
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a nucleus might occur, and, when once the nucleus had been
formed, in its turn it would serve as a centre of aggregation of
additional molecules from which a new cell would be produced.
He regarded therefore the formation of nuclei and cells as
possible in two ways : one within pre-existing cells (endogenous
cell-formation), the other in a free blastema lying external to

cells (free cell-formation). In animals, he says, the endogenous
method is rare, and the customary origin is in an external

blastema. Both Schleiden and Schwann considered that after

the cell was formed the nucleus had no permanent influence on
the life of the cell, and usually disappeared.

Under the teaching principally of Henle, the famous Professor

of Anatomy in Gcitiingen. the conception of the free formation
of nuclei and cells in a more or less fluid blastema, by an aggre-
gation of elementary granules and molecules, obtained so much
credence, especially amongst those who were engaged in the

study of pathological processes, that the origin of cells within

pre-existing cells was to a large extent lost .sight of. That a

parent cell was requisite for the production of new cells seemed
to many investigators to be no longer needed. Without doubt
this conception of free cell-formation contributed in no sm.all

degree to the belief, entertained by various observers, that the

simplest plants and animals might arise, without pre-existing

parents, in organic fluids destitute of life, by a process of spon-

taneous generation ; a belief which prevailed in many minds
almost to the present day. If, as has been stated, the doctrine

of abiogenesis cannot be experimentally refuted, on the other

hand it has not been experimentally proved. The burden of

proof lies with those who hold the doctrine, and the evidence

that we possess is all the other way.

Multiplication of Cells.

Although von Mohl, the botanist, seems to have been the

first to recognise (183 = ) in plants a multiplication of cells by
division, it was not until attention was given to the study of the

egg in various animals, and to the changes which take place in

it, attendant on fertilisation, that in the course of time a much
more correct conception of the origin of the nucleus and of the

part which it plays in the formation of new cells was obtained.

Before Schwann had published his classical memoir in 1839,
von Baer and other observers had recognised within the animal
ovum the germinal vesicle, which obviously bore to the ovum
the relation of a nucleus to a cell. As the methods of observa-

tion improved, it was recognised that, within the developing

egg, two vesicles appeared where one only had previously

existed, to be followed by four vesicles, then eight, and so on in

multiple progression until the ovum contained a multitude of

vesicles, each of which possessed a nucleu?. The vesicles were
obviously cells which had arisen within the original germ-cell or

ovum. These changes were systematically described by Martin
Barry so long ago as 1839 and 1840 in two memoirs communi-
cated to the Royal Society of London, and the appearance pro-

duced, on account of the irregularities of the surface occasioned

by the production of new vesicles, was named by him the

mulberry-like structure. He further pointed out that the

vesicles arranged themselves as a layer within the envelope of

the egg or zona pellucida, and that the whole embryo was com-
posed of cells filled with the foundations of other cells. He
recognised that the new cells were derived from the germinal

vesicle or nucleus of the ovum, the contents of which entered

into the formation of the first two cells, each of which had its

nucleus, which in its turn resolved itself into other cells, and by
a repetition of the process into a greater number. The
endogenous origin of new cells within a pre-existing cell

and the process which we now term the segmentation

of the yolk were successfully demonstrated. In a third

memoir, published in 1841, Barry definitely stated that

young cells originated through division of the nucleus of the

parent cell, instead of arising, as a product of crystallisation, in

the fluid cytoblastema of the parent cell or in a blastema situated

external to the cell.

In a memoir published in 1842, John Goodsir advocated the

view that the nucleus is the reproductive organ of the cell, and
that from it, as from a germinal spot, new cells were formed.

In a paper, published three years later, on nutritive centres, he
described cells the nuclei of which were the permanent source

of successive broods of young cells, which from time to time

occupied the cavity of the parent cell. He extended also his

observations on the endogenous formation of cells to the carti-

lage cells in the process of inflammation and to other tissues
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undergoing pathological changes. Corroborative observations
on endogenous formation were also given by his brother, Harry
Goodsir, in 1845. These observations on the part which the
nucleus plays by cleavage in the formation of young cells by
endogenous development from a parent centre—that an organic
continuity existed between a mother cell and its descendants
through the nucleus—constituted a great step in advance of the
views entertained by Schleiden and Schwann, and showed that

Barry and the Goodsirs had a deeper insight into the nature
and functions of cells than was possessed by most of their con-
temporaries, and are of the highest importance when viewed in

the light of recent observations.

In 1 84 1 Robert Remak published an account of the presence
of two nuclei in the blood corpuscles of the chick and the pig,

which he regarded as evidence of the production of new
corpuscles by division of the nucleus within a parent cell ; but
it was not until some years afterwards (1850 to 1855) that he
recorded additional observations and recognised that division of

the nucleus was the starting-point for the multiplication of cells

in the ovum and in the tissues generally. Remak's view was
that the process of cell-division began with the cleavage of the
nucleolus, followed by that of the nucleus, and that again by
cleavage of the body of the cell and of its membrane. KoUiker
had previously, in 1843, described the multiplication of nuclei

in the ova of parasitic worms, and drew the inference that in

the formation of young cells within the egg the nucleus under-
went cleavage, and that each of its divisions entered into the

formation ot a new cell. By these observations, and by others

subsequently made, it became obvious that the multiplication of

animal cells, either by division of the nucleus within the cell, or

by the budding off of a part of the protoplasm of the cell, was
to be regarded as a widely spread and probably a universal

process, and that each new cell arose from a parent cell.

Pathological observers were, however, for the most part

inclined to consider free cell-formation in a blastema or exuda-
tion by an aggregation of molecules, in accordance with the

views of Henle, as a common phenomenon. This proposition

was attacked with great energy by Virchow in a series of
memoirs published in his " Archiv," commencing in vol. i.

1847, and finally received its death-blow in his published lec-

tures on Cellular Pathology, 1858. He maintained that in

pathological structures there was no instance of cell development
lie novo ; where a cell existed, there one must have been before.

Cell-formation was a continuous development by descent, which
he formulated in the expression oinnis cellula e celhtld.

Karyokinesis.

Whilst the descent of cells from pre-existing cells by division

of the nucleus during the development of the egg, in the embryos
of plants and animals, and in adult vegetable and animal tissues,

both in healthy and diseased conditions, had now become
generally recognised, the mechanism of the process by which
the cleavage of the nucleus took place was for a long time un-
known. The discovery had to be deferred until the optician

had been able to construct lenses of a higher penetrative power,
and the microscopist had learned the use of colouring agents

capable of dyeing the finest elements of the tissues. There was
reason to believe that in some cases a direct cleavage of the

nucleus, to be followed by a corresponding division of the cell

into two parts, did occur. In the period between 1870 and 1880
observations were made by Schneider, Strasburger, Btitschli,

Fol, van Beneden and Flemming, which showed that the divi-

sion of the nucleus and the cell was due to a series of very remark-
able changes, now known as indirect nuclear and cell division,

or karyokinesis. The changes within the nucleus are of so

complex a character that it is impossible to follow them in detail

without the use of appropriate illustrations. I shall have to con-

tent myself, therefore, with an elementary sketch of the process.

I have previously stated that the nucleus in its passive or

resting stage contains a very delicate network of threads or fibres.

The first stage in the process of nuclear division consists in the

threads arranging themselves in loops and forming a compact
coil within the nucleus. The coil then becomes looser, the loops

of threads shorten and thicken, and somewhat later each looped
thread splits longitudinally into two portions. As the threads

stain when colouring agents are applied to them, they are called

chromatin fibres, and the loose coil is the chromosome(Waldeyer).
As the process continues, the investing membrane of the

nucleus disappears, and the loops of threads arrange themselves
within the nucleus so that the closed ends of the loops are
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directed to a common centre, from which the loops radiate out-
wards and produce a starlike figure (aster). At the same time
clusters of extremely delicate lines appear both in the nucleo-
plasm and in the body of the cell, named the achromatic figure,

which has a spindle-like form with two opposite poles, and stains

much more feebly than the chromatic fibres. The loops of the
chromatic star then arrange themselves in the equatorial plane of
the spindle, and bending round turn their closed ends towards
the periphery of the nucleus and the cell.

The next stage marks an important step in the process of
division of the nucleus. The two longitudinal portions, into
which each looped thread had previously split, now separate
from each other, and whilst one part migrates to one pole of
the spindle, the other moves to the opposite pole, and the free

ends of each loop are directed towards its equator (metakinesis).

By this division of the chromatin fibres, and their separation
from each other to opposite poles of the spindle, two starlike

chromatin figures are produced (dyaster).

Each group of fibres thickens, shortens, becomes surrounded
by a membrane, and forms a new or daughter nucleus (dispirem).

Two nuclei therefore have arisen within the cell by the divisiorv

of that which had previously existed, and the expression formu-
lated by Flemming—<;w«z.f nucleus e nucleo—is justified.

Whilst this stage is in course of being completed, the body of
the cell becomes constricted in the equatorial plane of the
spindle, and, as the constriction deepens, it separates into two
parts, each containing a daughter nucleus, so that two nucleated
cells have arisen out of a pre-existing cell.

A repetition of the process in each of these cells leads to the
formation of other cells, and, although modifications in details

are found in different species of plants and animils, the multi-
plication of cells in the egg and in the tissues generally on
similar lines is now a thoroughly established fact in biological

science.

In the study of karyokinesis, importance has been attached to
the number of chromosomes in the nucleus of the cell. Fiem-
ming had seen in the Salamander twenty-four chromosome fibres,

which seems to be a constant number in the cells of epithelium
and connective tissues. In other cells again, especially in the
ova of certain animals, the number is smaller, and fourteen,

twelve, four, and even two only have been described. The
theory formulated by Eoveri that the number of chromosomes is

constant for each species, and that in the karyokinetic figures

corresponding numbers are found in homologous cells, seems to

be not improbable.

In the preceding description I have incidentally referred to

the appearance in the proliferating cell of an achromatic spindle-

like figure. Although this was recognised by Fol in 1873, it is

only during the last ten or twelve years that attention has been
paid to its more minute arrangements and possible signification

in cell-division.

The pole at each end of the spindle lies in the cell plasm
which surrounds the nucleus. In the centre of each pole is a
somewhat opaque spot (central body) surrounded by a clear

space, which, along with the spot, constitutes the centrosome or

the sphere of attraction. From each centrosome extremely
delicate lines may be seen to radiate in two directions. One set

extends towards the pole at the opposite end of the spindle, and,

meeting or coming into close proximity with radiations from it,

constitutes the body of the spindle, which, like a perforated

mantle, forms an imperfect envelope around the nucleus during

the process of division. The other set of radiations is called the

polar, and extends in the region of the pole towards the periphery

of the cell.

The question has been much discussed whether any con-

stituent part of the achromatic figure, or the entire figure, exists

in the cell as a permanent structure in its resting phase ; or if it

is only present during the process of karyokinesis. During the

development of the egg the formation of young cells, by division

of the segmentation nucleus, is so rapid and continuous that the

achromatic figure, with the centrosome in the pole of the spindle,

is a readily recognisable object in each cell. The polar and
spindle-like radiations are in evidence during karyokinesis, and
have apparently a temporary endurance and function. On the

other hand, van Beneden and Boveri were of opinion that the

central body of the centrosome did not disappear when the

division of the nucleus came to an end, but that it remained as

a constituent part of a cell lying in the cell plasm near to the

nucleus. Flemming has seen the central body with its sphere

in leucocytes, as well as in epithelial cells and those of othe
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"tissues. Subsequently Heidenhain and other histologists have

recorded similar observations. It would seem, therefore, as if

there were reason to regard the centrosome, like the nucleus, as

a permanent constituent of a cell. This view, however, is not

universally entertained. If not always capible of demonstration

in the resting stage of a cell, it is doubtless to be regarded as

potentially present, and ready to assume, along with the

radiations, a characteristic appearance when the process of

nuclear division is about to begin.

One can scarcely regard the presence of so remarkable an ap-

pearance as the achromatic figure without associating with it an
important function in the economy of the cell. As from the

•centrosome at the pole of the spindle both sets of radiations

diverge, it is not unliuely that it acts as a centre or sphere of

energy and attraction. By some observers the radiations are

regarded as substantive fibrillar structures, elastic -or even con-

tractile in their properties. Others, again, look upon them as

morphological expressions of chemical and dynamical energy in

the protoplasm of the cell body. On either theory we may*
assume that they indicate an influence, emanating, it may be,

from the centrosome, and capable of being exercised both on the

cell plasm and on the nucleus contained in it. On the contrac-

tile theory, the radiations which form the body of the spindle,

either by actual traction of the supposed fibrillteor by their pres-

sure on the nucleus which they surround, might impel during
karyokinesis the dividing chromosome elements towards the
poles of the spindle, to form there the daughter nuclei. On the

<lynamical theory, the chemical and physical energy in the
centrosome might influence the cell plasm and the nucleus, and
attract the chromosome elements of the nucleus to the poles of
the spindle. The radiated appearance would therefore be con-
sequent and attendant on the physico-chemical activity of the
centrosome. One or other of these theories may also be applied
to the interpretation of the significance of the polar radiations.

t

Cell Plasm.

In the cells of plants, in addition to the cell wall, the cell body
and the cell juice require to be examined. The material of the

cell body, or the cell contents, was named by von Mohl (1846)
.protoplasm, and consisted of a colourless tenacious substance
which partly lined the cell wall (primordial utricle), and partly

traversed the interior of the cell as delicate threads enclosing

spaces (vacuoles) in which the cell juice was contained. In the

protoplasm the nucleus was embedded, Nageli, about the same
time, had also recognised the difference between the protoplasm
and the other contents of vegetable cells, and had noticed its

nitrogenous composition.
Though the analogy with a closed bladder or vesicle could i)o

longer be sustained in the animal tissues, the name " cell " con-
tinued to be retained for descriptive purposes, and the body of
the cell was spoken of as a more or less soft substance enclosing
a nucleus (Leydig). In 1861 Max Schultze adopted for the
substance forming the body of the animal cell the term " pro-

toplasm." He defined a cell to be a particle of protoplasm
in the substance of which a nucleus was situated. He re-

garded the protoplasm, as indeed had previously been
pointed out by the botanist Unger, as essentially the same as the

contractile sarcode which constitutes the body and pseudopodia
of the Amoeba and, other Rhizopoda. As the term " proto-

plasm," as well as that of "bioplasm" employed by Lionel
Beale in a somewhat similar though not precisely identical sense,

involves certain theoretical views of the origin and function of

the body of the cell, it would be better to apply to it the more
|

purely descriptive term " cytoplasm " or "cell plasm." i

Schultze defined protoplasm as a homogeneous, glassy, tena-
cious material, of a jelly-like or somewhat firmer consistency, in

|

which numerous minute granules were embedded. He regarded
it as the part of the cell especially endowed with vital energy,
whilst the exact function of the nucleus could not be defined.

Based upon this conception of the jelly-like character of pro-
toplasm, the idea for a time prevailed that a structureless, dimly
granular, jelly or slime destitute of organisation, possessed great
physiological activity, and was the medium through which the
phenomena of life were displayed.
More accurate conceptions of the nature of the cell plasm soon

began to be entertained. Briicke recognised that the body of
•the cell was not simple, but had a complex organisation. Flem-
ming observed that the cell plasm contained extremely delicate
'threads, which frequently formed a network, the interspaces of
which were occupied by a more homogeneous substance. Where

the threads crossed each other, granular particles (mikrosomenj
were situated. Butschli considered that he could recognise in

the cell plasm a honeycomb-like appearance, as if it consisted

of excessively minute chambers in which a homogeneous, more
or less fluid, material was contained. The polar and spindle-

like radiations visible during the process of karyokinesis, which
have already been referred to, and the presence of the centro-

some, possibly even during the resting stage of the cell, furnished

additional illustrations of differentiation within the cell plasm.
In many cells there appears also to be a difference in the

character of the cell plasm which immediately surrounds the

nucleus and that which lies at and near the periphery of the cell.

The peripheral part (ektoplasma) is more compact and gives a
definite outline to the cell, although not necessarily differentiating

into a cell membrane. The inner part (endoplasma) is softer,

and is distinguished by a more distinct granular appearance,
and by containing the products specially formed in each par-

ticular kind of cell during the nutritive process.

By the researches of numerous investigators on the internal

organisation of cells in plants and animals, a large body of

evidence has now been accumulated, which shows that both

the nucleus and the cell plasm consist of something more,than a

homogeneous, more or less viscid, slimy material. Recognisable
objects in the form of granules, threads or fibres can be distin-

guished in each. The cell plasm and the nucleus respectively

are therefore not of the same constitution throughout, but possess

polymorphic characters, the study of which in health and the

changes produced by disease will for many years to come form
important matters for investigation.

Function of Cells.

It has already been stated that, when new cells arise within

pre-existing cells, division of the nucleus is associated with
cleavage of the cell plasm, so that it participates in the process

of new cell-formation. Undoubtedly, however, its rdle is not

limited to this function. It also plays an important part in

secretion, nutrition, and the special functions discharged by
the cells in the tissues and organs of which they form
morphological elements.

Between 1838 and 1842 observations were made which showed
that cells were constituent parts of secreting glands and mucous
membranes (Schwann, Henle). In 1842 John Goodsir com-
municated to the Royal Society of Edinburgh a memoir on
secreting structures, in which he established the principle that

cells are the ultimate secreting agents ; he recognised in the cells

of the liver, kidney, and other organs the characteristic secre-

tion of each gland. The secretion was, he said, situated between
the nucleus and the cell wall. At first he thought that, as the

nucleus was the reproductive organ of the cell, the secretion was
formed in the interior of the cell by the agency of the cell wall ;

but three years later he regarded it as a product of the nucleus.

The study of the process of spermatogenesis by his brother,

Harry Goodsir, in which the head of the spermatozoon was
found to correspond with the nucleus of the cell in which the

spermatozoon arose, gave support to the view that the nucleus

played an important part in the genesis of the characteristic

product of the gland cell.

The physiological activity of the cell plasm and its complex
chemical constitution soon after began to be recognised. Some
years before Max Schultze had published his memoirs on the

characters of protoplasm, Briicke had shown that the well-

known changes in tint in the skin of the Chamseleon were due

to pigment granules situated in the cells in the skin which were
sometimes diffused throughout the cells, at others concentrated

in the centre. Similar observations on the skin of the frog

were made in 1854 by von VVittich and Harless. The move-

ments were regarded as due to contraction of the cell wall on

its contents. In a most interesting paper on the pigmentary

system in the frog, published in 1858, Lord Lister demonstrated

that the pigment granules moved in the cell plasma, by forces

resident within the cell itself, acting under the influence of an

external stimulant, and not by contractility of the wall. Under
some conditions the pigment was attracted to the centre of the

cell, when the skin became pale ; under other conditions the

pigment was diffused throughout the body and the branches of

the cell, and gave to the skin a dark colour. It was also

experimentally shown that a potent influence over these move-

ments was exercised by the nervous system. •

The study of the cells of glands engaged in secretion, even when
the secretion is colourless, and the comp.irison of their appear-

NO. 1610, VOL. 62]



Septembek 6, 1900] NA TURE 445

ance when secretion is going on with that seen when the cells

are at rest, have shown that the cell plasm is much more
granular and opaque, and contains larger particles during
acti%nty than when the cell is passive ; the body of the cell swells

out from an increase in the contents of its plasm, and chemical
changes accompany the act of secretion. Ample evidence,

therefore, is at hand to support the position taken by John
Goodsir, nearly sixty years ago, that secretions are formed
within cells, and lie in that part of the cell which we now say
consists of the cell plasm ; that each secreting cell is endowed
with its own peculiar property, according to the organ in which
it is situated, so that bile is formed by the cells in the liver, milk
by those in the mamma, and so on.

Intimately associated with the process of secretion is that of

nutrition. As the cell plasm lies at the periphery of a cell, and
as it is, alike both in secretion and nutrition, brought into closest

relation with the surrounding medium, from which the pabulum
is derived, it is necessarily associated with the nutritive activity.

Its position enables it to absorb nutritive material directly from
without, and in the process of growth it increases in amount by
interstitial changes and additions throughout its substance, and
not by mere accretions on its surface.

Hitherto I have spoken of a cell as a unit, independent of its

neighbours as regards its nutrition and the other functions which
it has to discharge. The question has, however, been discussed,

whether in a tissue composed of cells closely packed together

cell plasm may not give origin to processes or threads which
are in contact or continuous with corresponding processes of

adjoining cells, and that cells may therefore, to some extent,

lose their individuality in the colony of which they are members.
Appearances were recognised between 1863 and 1870 bySchron
and others in the deeper cells of the epidermis and of some
mucous membranes which gave sanction to this view, and it

seems possible through contact or continuity of threads connect-

ing a cell with its neighbours, that cells may exercise a direct

influence on each other.

Nageli, the botanist, as the foundation of a mechanico-
jihysiological theory of descent, considered that in plants a net-

work of cell plasm, named by him idio-plasm, extended

throughout the whole of the plant, forming its specific molecular

constitution, and that growth and activity were regulated by its

conditions of tension and movements (1884).

The study of the structure of plants with special reference to

the presence of an intercellular network has for some years been
pursued by Walter Gardiner (1882-97), who has demonstrated

threads of cell plasm protruding through the walls of vegetable

cells and continuous with similar threads from adjoining cells.

Structurally, therefore, a plant may be conceived to be built up
of a nucleated cytoplasmic network, each nucleus with the

branching cell plasm surrounding it being a centre of activity.

On this view a cell would retain to some extent its individuality,

though, as Gardiner contends, the connecting threads would be
the medium for the conduction of impulses and of food from a

cell to those which lie around it. For the plant cell therefore,

as has long been accepted in the animal cell, the wall is reduced

to a secondary position, and the active constituent is the

nucleated cell plasm. It is not unlikely that the absence of a

controlling nervous system in plants requires the plasm of ad-

joining cells to be brought into more immediate contact and
continuity than is the case with the generality of animal cells,

so as to provide a mechanism for harmonising the nutritive and
other functional processes in the different areas in the body of

the plant. In this particular, it is of interest to note that the

epithelial tissues in animals, where somewhat similar connecting
arrangements occur, are only indirectly associated with the

nervous and vascular systems, so that, as in plants, the cells may
require, for nutritive and other purposes, to act and react

directly on each other.

Nerve Cells.

Of recent years great attention has been paid to the intimate

structure of nerve cells, and to the appearance which they

present when in the exercise of their functional activity. A
nerve cell is not a secreting cell ; that is, it does not derive from
the blood or surrounding fluid a pabulum which it elaborates

into a visible, palpable secretion characteristic of the organ of

which the cell is a constituent element, to be in due course dis-

charged into a duct which conveys the secretion out of the

gland. Nerve cells, through the metabolic changes which take
place in them in connection with their nutrition, are associated

with the production of the form of energy specially exhibited by
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animals which possess a nervous system, termed nerve energy.

It has long been known that every nerve cell has a body m
which a relatively large nucleus is situated. A most important

discovery was the recognition that the body of every nerve cell

had one or more processes growing out from it. More recently

it has been proved, chiefly through the researches of Schultze,

His, Golgi and Ramon y Cajal, that at least one of the pro-

cesses, the axon of the nerve cell, is continued into the axial

cylinder of a nerve fibre, and that in the multipolar nerve cell

the other processes, or dendrites, branch and ramify for some
distance away from the body. A nerve fibre is therefore an
essential part of the cell with which it is continuous, and the cell,

its processes, ihe nerve fibre and the collaterals which arise from

the nerve fibre collectively form a neuron or structural nerve unit

(Waldeyer). The nucleated body of the nerve cell is the

physiological centre of the unit.

The cell plasm occupies both the body of the nerve cell and
its processes. The intimate structure of the plasm has, by im-

proved methods of observation introduced during the last eight

years by Nissl, and conducted on similar lines by other investi-

gators, become more definitely understood. It has been

ascertained that it possesses two distinct characters which imply

different structures. One of these stains deeply on the addition

of certain dyes, and is named chromophile or chromatic sub-

stance ; the other, which does not possess a similar property, is

the achromatic network. The chromophile is found in the cell

body and the dendritic processes, but not in the axon. It

occurs in the form of granular particles, which may be scattered

throughout the plasm, or aggregated into little heaps which are

elongated or fusiform in shape and appear as distinct coloured

particles or masses. The achromatic network is found in the

cell body and the dendrites, and is continued also into the axon,

where it forms the axial cylinder of the nerve fibre. It consists

apparently of delicate threads or fibrillae, in the meshes of which

a homogeneous material, such as is found in the cell plasm

generally, is contained. In the nerve cells, as in other cells,

the plasm is without doubt concerned in the process of cell

nutrition. The achromatic fibrillar exercise an important influence

on the axon or nerve fibre with which they are continuous, and

probably they conduct the nerve impulses which manifest them-

selves in the form of nerve energy. The dendritic processes of a

multipolar nervecell ramify in close relation with similar processes

branching from other cells in the same group. The collaterals

and the free end of the axon fibre process branch and ramify in

association with the body of a nerve cell or of its dendrites. We
cannot say that these parts are directly continuous with each

other to form an intercellular network, but they are apparently

in apposition, and through contact exercise influence one on

the other in the transmission of nerve impulses.

There is evidence to show that in the nerve cell the nucleus,

as well as the cell plasm, is an effective agent in nutrition. When
the cell is functionally active, both the cell body and the nucleus

increase in size (Vas, G. Mann, Lugaro) ; on the other hand,

when nerve cells are fatigued through excessive use, the nucleus

decreases in size and shrivels ; the cell plasm also shrinks, arid

its coloured or chromophile constituent becomes diminished in

quantity, as if it had been consumed during the prolonged use

of the cell (Hodge, Mann, Lugaro). It is interesting also to

note that in hibernating animals in the winter season, when their

functional activity is reduced to a minimum, the chromophile in

the plasm of the nerve cells is much smaller in amount than

when the animal is leading an active life in the spring and

summer (G. Levi).

When a nerve cell has attained its normal size it does not seem

to be capable of reproducing new cells in its substance by a pro-

cess of karyokinesis, such as takes place when young cells arise

in the egg and in the tissues generally. It would appear that

nerve cells are so highly specialised in their association with the

evolution of nerve energy, that they have ceased to have the

power of reproducing their kind, and the metabolic changes both

in cell plasm and nucleus are needed to enable them to discharge

their very peculiar function. Hence it follows that when a

portion of the brain or other nerve-centre is destroyed, the

injury is not repaired by the production of fresh specimens 01

their characteristic cells, as would be the case in injuries to

bones and tendons.

In our endeavours to diflTerentiate the function of the nucleus

from that of the cell plasm, we should not regard the former as

concerned only in the production of young cells, and the latter

as the exclusive agent in growth, nutrition, and, where gland
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cells are concerned, in the formation of their characteristic pro-

ducts. As regards cell reproduction also, though the process of

division begins in the nucleus in its chromosome constituents,

the achromatic figure in the cell plasm undoubtedly plays a

part, and the cell plasm itself ultimately undergoes cleavage.

A few years ago the tendency amongst biologists was to

ignore or attach but little importance to the physiological use of

the nucleus in the nucleated cell, and to regard the protoplasm

as the essential and active constituent of living matter ; so much
so, indeed, was this the case that independent organisms re-

garded as distinct species were described as consisting of proto-

plasm destitute of a nucleus ; also that scraps of protoplasm

separated from larger nucleated masses could, when isolated,

exhibit vital phenomena. There is reason to believe that a

fragment of protoplasm, when isolated from the nucleus of a

cell, though retaining its contractility and capable of nourishing

itself for a short time, cannot increase in amount, act as a

secreting structure, or reproduce its kind : it soon loses its

activity, withers, and dies. In order that these qualities of

living matter should be retained, a nucleus is by most ob-

servers regarded as necessary (Nussbaum, Gruber, Haberlandt,

Korschelt), and for the complete manifestation of vital activity

both nucleus and cell plasm are required.

Bacteria.

The observations of Cohn, made about thirty years ago, and
those of De Bary shortly afterwards, brought into notice a group

of organisms to which the name " bacterium " or " microbe " is

given. They were seen to vary in shape : some were rounded

specks called cocci, others were straight rods called bacilli,

others were curved or spiral rods, vibrios or spirill?e. All were
characterised by their extreme minuteness, and required for

their examination the highest powers of the best microscopes.

Many bacteria measure in their least diameter not more than

i/25000th of an inch, i/ioth the diameter of a human white blood

corpuscle. Through the researches of Pasteur, Lord Lister,

Koch, and other observers, bacteria have been shown to play

an important part in nature. They exercise a very remarkable
power over organic substances, especially those which are com-
plex in chemical constitution, and can resolve them into simpler

combinations. Owing to this property, some bacteria are of

great economic value, and without their agency many of our

industries could not be pursued ; others again, and these are the

most talked of, exercise a malign influence in the production of

the most deadly diseases which afflict man and the domestic

animals. ,

Great attention has been given to the structure of bacteria and
to their mode of propagation. When examined in the living

state and magnified about 2000 times, a bacterium appears as a

homogeneous particle, with a sharp definite outline, though a

membranous envelope or wall, distinct from the body of the

bacterium, cannot at first be recognised ; but when treated with

reagents a membranous envelope appears, the presence of which,
without doubt, gives precision of form to the bacterium. The
substance within the membrane contains granules which can be
dyed with colouring agents. Owing to their extreme minute-

ness it is difficult to pronounce an opinion on the nature of the

chromatine granules and the substance in which they lie. Some
observers regard them as nuclear material, invested by only a

thin layer of protoplasm, on which view a bacterium would be a

nucleated cell. Others consider the bacterium as formed of

protoplasm containing granules capable of being coloured, which
are a part of the protoplasm itself, and not a nuclear substance.

On the latter view, bacteria would consist of cell plasm inclosed

in a membrane and destitute of a nucleus. Whatever be the

nature of the granule-containing material, each bacterium is

regarded as a cell, the minutest and simplest living particle

capable of an independent existence that has not yet been
discovered.

Bacteria cells, like cells generally, can reproduce their kind.

They multiply by simple fission, probably with an ingrowth of

the cell wall, but without the karyokinetic phenomena observed
in nucleated cells. Each cell gives rise to two daughter cells,

which may for a time remain attached to each other and form a

cluster or a chain, or they may separate and become independent
isolated cells. The multiplication, under favourable conditions

of light, air, temperature, moisture and food, goes on with ex-

traordinary rapidity,- so that in a few hours many thousand rtew

individuals may arise from a parent bacterium.

Connected with the life-history of a bacterium cell is the
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formation in its substance, in many species and under certain
conditions, of a highly refractile shiny particle called a spore.
At first sight a spore seems as if it were the nucleus of the
bacterium cell, but it is not always present when multiplication
by cleavage is taking place, and when present it does not appear
to take part in the fission. On the other hand, a spore, from
the character of its envelope, possesses great power of resistance,
so that dried bacteria, when placed in conditions favourable to
germination, can through their spores germinate and resume an
active existence. Spore formation seems, therefore, to be a
provision for continuing the life of the bacterium under con-
ditions which, if spores had not formed, would have been the
cause of its death.

The time has gone by to search for the origin of living
organisms by a spontaneous aggregation of molecules in vegetable
or other infusions, or from a layer of formless primordial slime
diffused over the bed of the ocean. Living matter during our
epoch has been, and continues to be, derived from pre-existing
living matter, even when it possesses the simplicity of structure
of a bacterium, and the morphological unit is the cell.

Development of the Egg.

As the future of the entire organism lies in the fertilised egg
cell, we may now briefly review the arrangements, consequent
on the process of segmentation, which lead to the formation,
let us say in the egg of a bird, of the embryo of the young
chick.

In the latter part of the last century, C. F. Wolff observed that

the beginning of the embryo was associated with the formation
of layers, and in 1817 Pander demonstrated that in the hen's egg
at first one layer, called mucous, appeared, then a second or

serous layer, to be followed by a third, intermediate or vascular

layer. In 1828 von Baer amplified our knowledge in his

famous treatise, which from its grasp of the subject created a
new epoch in the science of embryology. It was not, however,
until the discovery by Schwann of cells as constant factors in

the structure of animals and in their relation to development
that the true nature of these layers was determined. We now
know that each layer consists of cells, and that all the tissues

and organs of the body are derived from them. Numerous
observers have devoted themselves for many years to the study
of each layer, with the view of determining the part which it

takes in the formation of the constituent parts of the body, more
especially in the higher animals, and the important conclusion

has been arrived at that each kind of tissue invariably arises

from one of these layers and from no other.

The layer of cells which contributes, both as regards the

number and variety of the tissues derived from it, most largely

to the formation of the body is the middle layer or mesoblast.

From it the skeleton, the muscles, and other locomotor organs,

the true skin, the vascular system, including the blood and other

structures which I need not detail, take their rise. From the

inner layer of cells or hypoblast, the principal derivatives are

the epithelial lining of the alimentary canal and of the glands

which open into it, and the epithelial lining of the air-passages.

The outer or epiblast layer of cells gives origin to the epidermis

or scarf skin and to the nervous system. It is interesting to

note that from the same layer of the embryo arise parts so

different in importance as the cuticle—a mere protecting struc-

ture, which is constantly being shed when the skin is subjected

to the friction of a towel or the clothes—and the nervous system,

including the brain, the most highly differentiated system in the

animal body. How completely the cells from which they are

derived had diverged from each other in the course of their

differentiation in structure and properties is shown by the fact

that the cells of the epidermis are continually engaged in repro-

ducing new cells to replace those which are shed, whilst the

cells of the nervous system have apparently lost the power of

reproducing their kind.

In the early stage of the development of the egg, the cells in

a given layer resemble each other in form, and, as far as can be

judged from their appearance, are alike in structure and pro-

perties. As the development proceeds, the cells begin to show
differences in character, and in the course of time the tissues

which arise in each layer differentiate from each other and can

be readily recognised by the observer. To use the language of

von Baer, a generalised structure has become specialised, and

each of the special tissues produced exhibits its own structure

and properties. These changes^re coincident with a rapid
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multiplication of the cells by cleavage, and thus increase in size

of the embryo accompanies specialisation of structure. As the
process continues, the embryo gradually assumes the shape
characteristic of the species to which its parents belonged,
until at length it is fit to be born and to assume a separate
existence.

The conversion of cells, at first uniform in character, into
tissues of a diverse kind is due to forces inherent in the cells

in each layer. The cell plasm plays an active though not an
exclusive part in the specialisation ; for as the nucleus influences
nutrition and secretion, it acts as a factor in the differentiation
of the tissues. When tissues so diverse in character as mus-
cular fibre, cartilage, fibrous tissues, and bone arise from the
cells of the middle or mesoblast layer, it is obvious that, in

addition to the morphological differentiation affecting form and
structure, a chemical differentiation affecting composition also
occurs, as the result of which a physiological differentiation takes
place. The tissues and organs become fitted to transform the energy
derived from the food into muscular energy, nerve energy, and other
forms of vital activity. Corresponding differentiations also modify
the cells of the outer and inner layers. Hence the study of the
development of the generalised cell layers in the young embryo
enables us to realise how all the complex constituent parts of the
body in the higher animals and in man are evolved by the pro-
cess of differentiation from a simple nucleated cell—the fertilised

ovum. A knowledge of the cell and of its life-history is there-
fore the foundation-stone on which biological science in all its

departments is based.

If we are to understand by an organ in the biological sense a
complex body capable of carrying on a natural process, a nucleated
cell is an organ in its simplest form. In a unicellular animal or
plant such an organ exists in its most primitive stage. The
higher plants and animals again are built up of multitudes of
these organs, each of which, whilst having its independent life,

is associated with the others, so that the whole may act in

unison for a common purpose. As in one of your great factories

each spindle is engaged in twisting and winding its own thread,
it is at the same time intimately associated with the hundreds of
other spindles in its immediate proximity, in the manufacture
of the yarn from which the web of cloth is ultimately to be
woven.

It has taken more than fifty years of hard and continuous
work to bring our knowledge of the structure and development
of the tissues and organs of plants and animals up to the level of
the present day. Amidst the host of names of investigators,
both at home and abroad, who have contributed to its progress,
it may seem invidious to particularise individuals. There are,
however, a few that I cannot forbear to mention, whose claim
to be named on such an occasion as this will be generally
conceded.

Botanists will, I think, acknowledge Wilhelm Hofmeister as
a master in morphology and embryology, Julius von Sachs as the
most important investigator in vegetable physiology during the
last quarter of a century, and Strasburger as a leader in the study
of the phenomena of nuclear division.

The researches of the veteran Professor of Anatomy in Wiirz-
burg, Albert von Kolliker, have covered the entire field of
animal histology. His first paper, published fifty-nine years ago,
was followed by a succession of memoirs and books on human
and comparative histology and embryology, and culminated in
his great treatise on the structure of the brain, published in

1896. Notwithstanding the weight of more than eighty years,
he continues to prosecute histological research, and has pub-
lished the results of his latest, though let us hope not his last,

work during the present year.

Amongst our own countrymen, and belonging to the genera-
tion which has almost passed away, was William Bowman. His
investigations between 1840 and 1850 on the mucous membranes,
muscular fibre, and the structure of the kidney, together with his
researches on the organs of sense, were characterised by a power
of observation and of interpreting difficult and complicated
appearances which has made his memoirs on these subjects land-
marks in the history of histological inquiry,

Oi the younger generation of biologists, Francis Mailland
Balfour, whose early death is deeply deplored as a loss to
British science, was one of the most distinguished. His powers
of observation and philosophic perception gave him a high place
as an original inquirer, and the charm of his personality—for
charm is not the exclusive possession of the fairer sex—endeared
him to his friends.
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General Morphology.
Along with the study of the origin and structure of the

tissues of organised bodies, much attention has been given
during the century to the parts or organs in plants and animals,
with the view of determining where and how they take their

rise, the order of their formation, the changes which they pass
through in the early stages of development, and their relative

positions in the organism to which they belong. Investigations
on these lines are spoken of as morphological, and are to be
distinguished from the study of their physiological or functional
relations, though both are necessary for the full comprehension
of the living organism.
The first to recognise that morphological relations might exist

between the organs of a plant, dissimilar as regards their func-

tion, was the poet Goethe, whose observations, guided by his

imaginative faculty, led him to declare that the calyx, corolla,

and other parts of a flower, the scales of a bulb, &c., were
metamorphosed leaves, a principle generally accepted by
botanists, and indeed extended to other parts of a plant, which
are referred to certain common morphological forms although
they exercise different functions. Goethe also applied the same
principle in the study of the skeletons of vertebrate animals, and
he formed the opinion that the spinal column and the skull

were essentially alike in construction, and consisted of verte-

brae, an idea which was also independently conceived and
advocated by Oken.
The anatomist who in our country most strenuously applied

himself to the morphological study of the skeleton was Richard
Owen, whose knowledge of animal structure, based upon his

own dissections, was unrivalled in range and variety. He
elaborated the conception of an ideal, archetype vertebrate form
which had no existence in nature, and to which, subject to

modifications in various directions, he considered all vertebrate

skeletons might be referred. Owen's observations were con-
ducted to a large extent on the skeletons of adult animals, of the

knowledge of which he was a master. As in the course of de-

velopment modifications in shape and in the relative position of
parts not unfrequently occur and their original character and
place of origin become obscured, it is difficult, from the study
only of adults, to arrive at a correct interpretation of their mor-
phological significance. When the changes which take place in

the skull during its development, as worked out by Reichert and
Rathke, became known and their value had become appreci-

ated, many of the conclusions arrived at by Owen were
challenged and ceased to be accepted. It is, however, due to

that eminent anatomist to state from my personal knowledge of

the condition of anatomical science in this country fifty years

ago, that an enormous impulse was given to the study of com-
parative morphology by his writings, and by the criticisms to

which they were subjected.

There can be no doubt that generalised arrangements do exist

in the early embryo which, up to a certain stage, are common to

animals that in their adult condition present diverse characters,

and out of which the forms special to different groups are

evolved. As an illustration of this principle, I may refer to the

stages of development of the great arteries in the bodies of

vertebrate animals. Originally, as the observations of Rathke
have taught us, the main arteries are represented by pairs of

symmetrically arranged vascular arches, some of which enlarge

and constitute the permanent arteries in the adult, whilst others

disappear. The increase in size of some of these arches, and
the atrophy of others, are so constant for different groups that

they constitute anatomical features as distinctive as the modifica-

tions in the skeleton itself. Thus in mammals the fourth

vascular arch on the left side persists, and forms the arch

of the aorta ; in birds the corresponding part of the aorta is an
enlargement of the fourth right arch, and in reptiles both arches

persist to form the great artery. That this original symmetry
exists also in man we know from the fact that now and again

his body, instead of corresponding with the mammalian type,

has an aortic arch like that which is natural to the bird, and in

rarer cases even to the reptile. A type form common to the

vertebrata does therefore in such cases exist, capable of evolution

in more than one direction.

The reputation of Thomas Henry Huxley as a philosophic

comparative anatomist rests largely on his early perception of,

and insistence on, the necessity of testing morphological con-

clusions by a reference to the development of parts and organs,

and by applying this principle in his own investigations. The
principle is now so generally accepted by both botanists and
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anatomists that morphological definitions are regarded as depend-

ing essentially on the successive phases of the development of

the parts under consideration.

The morphological characters exhibited by a plant or animal

tend to be hereditarily transmitted from parents to offspring,

and the species is perpetuated. In each species the evolution of

an individual, through the developmental changes in the egg,

follows the same lines in all the individuals of the same species,

which possess therefore in common the features called

specific characters. The transmission of these characters is due,

according to the theory of Weismann, to certain properties

possessed by the chromosome constituents of the segmentation

nucleus in the fertilised ovum, named by him the germ plasm,

which is continued from one generation to another, and impresses

its specific character on the egg and on the plant or animal

developed from it.

As has already been stated, the special tissues which build up

the bodies of the more complex organisms are evolved out of

cells which are at first simple in form and appearance. During

the evolution of the individual, cells become modified or differen-

tiated in structure and function, and so long as the differentiation

follows certain prescribed lines the morphological characters of

the species are preserved. We can readily conceive that, as the

process of specialisation is going on, modifications or variations

in groups of cells and the tissues derived from them, notwith-

standing the influence of heredity, may in an individual diverge

so far from that which is characteristic of the species as to

assume the arrangements found in another species, or even in

another order. Anatomists had indeed long recognised that

variations from the customary arrangement of parts occasionally

appeared, and they described such deviations from the current

descriptions as irregularities.

Darwinian l^heory.

The signification of the variations which arise in plants and

animals had not been apprehended until a flood of light was
thrown on the entire subject by the genius of Charles Darwin,

who formulated the wide-reaching theory that variations could

be transmitted by heredity to younger generations. In this

manner he conceived new characters would arise, accumulate,

and be perpetuated, which would in the course of time assume

specific importance. New species might thus be evolved out of

organisms originally distinct from them, and their specific

characters would in turn be transmitted to their descendants.

By a continuance of this process new species would multiply in

many directions, until at length from one or more originally sim-

ple forms the earth would become peopled by the infinite varieties

of plant and animal organisms which have in past ages inhabited,

or do at present inhabit, our globe. The Darwinian theory may
therefore be defined as Heredity modified and influenced by
Varialjility. It assumes that there is an heredity quality in the

egg, which, if we take the common fowl for an example, shall con-

tinue to produce similar fowls. Under conditions, of which we
are ignorant, which occasion molecule r changes in the cells and

tissues of the developing egg, variations might arise in the first

instance pr >bably slight, but becoming intensified in successive

generations, until at length the descendants would have lost the

characters of the fowl and have become another species. No
precise estimate has been arrived at. and indeed one does not

see how it is possible to obtain it, of the length of years which

might be required to convert a variation, capable of being trans-

mitted, into a new and definite specific character.

The circumstances which, according to the Darwinian theory,

determined the perpetuation by hereditary transmission of a

variety and its assumption of a specific character depended, it

was argued, on whether it possessed such properties as enabled

the plant or animal in which it appeared to adapt itself more
readily to its environment, i.e. to the surrounding conditions.

If it were to be of use the organism in so far became
better adapted to hold its own in the struggle for

existence with its fellows and with the forces of nature

operating on it. Through the accumulation of useful

characters the specific variety was perpetuated by natural

selection, so long as the conditions were favourable for its exist-

ence, and it survived as being the best fitted to live. In the study

of the transmission of variations which may arise in the course

of development it should not be too exclusively thought that

only those variations are likely to be preserved which can be "of

service during the life of the individual, or in the perpetuation

of the species, and possibly available for the evolution of new
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species. It should also be kept in mind that morphologicaf
characters can be transmitted by hereditary descent, which,
though doubtless of service in some bygone ancestor, are ir>

the new conditions of life of the species of no physio-

logical value. Our knowledge of the structural and func-

tional modifications to be found in the human body, in

connection with abnormalities and with tendencies or

predisposition to diseases of various kinds, teaches us that

characters which are of no use, and indeed detrimental to the
individual, may be hereditarily transmitted from parents to off-

spring through a succession of generations.

Since the conception of the possibility of the evolution of new
species from pre-existing forms took possession of the minds of

naturalists, attempts have been made to trace out the lines on.

which it has proceeded. The first to give a systematic account of

what he conceived to be the order of succession in the evolutior>

of animals was Ernst Haeckel, of Jena, in a well-known treatise.

Memoirs on special departments of the subject, too numerous to

particularise, have subsequently appeared. The problem has been,

attacked along two different lines : the one by embryologists,

of whom may be named Kowalewsky, (iegenbaur, Dohrn, Ray
Lankester, Balfour and Gaskell, who with many others have
conducted careful and methodical inquiries into the stages of

development of numerous forms belonging to the two great

divisions of the animal kingdom. Invertebrates, as well as

vertebrates, have been carefully compared with each other ii>

the bearing of their development and structure on their affinities

and descent, and the possible sequence in the evolution of the

Vertebrata from the Invertebrata has been discussed. The
other method pursued by palaeontologists, of whom Huxley,
Marsh, Cope, Osborne and Traquair are prominent authorities,

has been the study of the extinct forms preserved in the rocks and
the comparison of their structure with each other and with that

of existing organisms. In the attempts to trace the line of

descent the imagination has not unfrequently been called into-

play in constructing various conflicting hypotheses. Though
from the nature of things the order of descent is, and without

doubt will continue to be, ever a matter of speculation and not

of demonstration, the study of the subject has been a valuable

intellectual exercise and a powerful stimulant to research.

We know not as regards time when the fiat went forth, '* Lei
there be Life, and there was Life." All we can say is that it

must have been in the far-distant past, at a period so remote
from the present that the mind fails to grasp the duration of the

interval. Prior to its genesis our earth consisted of barren rock

and desolate ocean. When matter became endowed with Life,

with the capacity of self-maintenance and of resisting external

disintegrating forces, the face of nature began to undergo a

momentous change. Living organisms multiplied, the lancf

became covered with vegetation, and multitudinous varieties of

plants, from the humble fungus and moss to the stately palm and
oak, beautified its surface and fitted it to sustain higher kinds of

living beings. Animal forms appeared, in the first instance simple

in structure, to be followed by others more complex, until the

mammalian type was produced. The ocean also became peopled

with plant and animal organisms, from the microscopic diatom

to the huge leviathan. Plants and animals acted and reacted

on each other, on the atmosphere which surrounded them and orv

the earth on which they dwelt, the surface of which became
modified in character and aspect. At last Man came into

existence. His nerve-energy, in addition to regulating the pro-

cesses in his economy which he possesses in common with ani-

mals, was endowed with higher powers. When translated

into psychical activity it has enabled him throughout the ages

to progress from the condition of a rude savage to an ad-

vanced stage of civilisation ; to produce works in literature, art,

and the moral sciences which have exerted, and must continue

to exert, a lasting influence on the development of his higher

Being ; to make discoveries in physical science ; to acquire a

knowledge of the structure of the earth, of the ocean in its

changing aspects, of the atmosphere and the stellar universe,

of the chemical composition and physical properties of matter in

its various forms, and to analyse, comprehend, and subdue the

forces of nature.

By the application of these discoveries to his own purposes

Man has, to a large extent, overcome time and space ; he has-

studded the ocean with steamships, girdled the earth with

electric wire, tunnelled the lofty Alps, spanned the Forth with

a bridge of steel, invented machines and founded industries of



September 6, 1900] NATURE 449

all kinds for the promotion of his material welfare, elaborated

systems of government fitted for the mmagement of great com-
munities, formulated economic principles, obtained an insight

into the laws of health, the causes of infective diseases, and the

means of controlling and preventing them.
When we reflect that many of the most important discoveries

io abstract science and in its applications have been made
during the present century, and indeed since the British Asso-
ciation held its first meeting in the ancient capital of your county
sixty-nine years ago, we may look forward with confidence to

the future. Every advance in science provides a fresh platform
from which a new start can be made. The human intellect is

still in process of evolution. The power of application and of
concentration of thought for the elucidation of scientific prob-
lems is by no means exhausted. In science is no hereditary
aristocracy. The army of workers is recruited from all

classes. The natural ambition of even the private in

the ranks to maintain and increase the reputation of the
branch of knowledge which he cultivates affords an ample

Iintee
that the march of science is ever onwards, and justifies

proclaiming for the next century, as in the one fast ebbing
close, that Great is Science, and it will prevail.

SECTION A.

MATHEMATICS AND PHYSICS.

tNiNG Address by Joseph Larmor, M.A., D.Sc,
F.R.S., Pres. C.P.S., President of the Section,

T is fitting that before entering upon the business of the
ion we should pause to take note of the losses which our
rtment of science has recently sustained. The fame of

Bertrand, apart from his official position as Secretary of the
French Academy of Sciences, was long ago universally estab-
lished by his classical treatise on the Infinitesimal Calculus : it

has been of late years sustained by the luminous exposition and
searching criticism of his books on the Theory of Probability
and Thermodynamics and Electricity. The debt which we owe
to that other veteran, G. Wiedemann, both on account of his

own researches, which take us back to the modern revival of
experimental physics, and for his great and indispensable
thesaurus of the science of electricity, cannot easily be over-
stated. By the death of Sophus Lie, following soon after his

return to a chair in his native country Norway, we have lost

one of the great constructive mathematicians of the century,
who has in various directions fundamentally expanded the
methods and conceptions of analysis by reverting to the foun-
tain of direct geometrical intuition. In Italy the death of
Beltrami has removed an investigator whose influence has been
equally marked on the theories of transcendental geometry and
on the progress of mathematical physics. In our own country
we have lost in D. E. Hughes one of the great scientific in-

ventors of the age ; while we specially deplore the removal, in

his early prime, of one who has recently been well known at

these meetings, Thomas Preston, whose experimental investiga-
tions on the relations between magnetism and light, combined
with his great powers of lucid exposition, marked out for him
a brilliant future.

Perhaps the most important event of general scientific interest
j

during the past year has been the definite undertaking of the
great task of the international co-ordination of scientific litera-

ture ; and it may be in some measure in the prolonged confer-
ences that were necessitated by that object that the recently
announced international federation of scientific academies has
had its origin. In the important task of rendering accessible
the stores of scientific knowledge, the British Association, and
in particular this Section of it, has played the part of pioneer.
Our annual volumes have long been classical, through the
splendid reports of the progress of the different branches of
knowledge that have been from time to time contributed to them
by the foremost British men of science ; and our work in this
direction has received the compliment of successful imitation
by the sister Associations on the Continent.
The usual conferences connected with our department of

scientific activity have been this year notably augmented by the
very successful international congresses of mathematicians and of
physicists which met a few weeks ago in Paris. The three
volumes of reports on the progress of physical science during the
last ten years, for which we are indebted to the initiative of the I

French Physical Society, will provide an admirable conspectus
j
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of the present trend of activity, and form a permanent record for

the history of our subject.

Another very powerful auxiliary to progress is now being
rapidly providetl by the republication, in suitable form and within
reasonable time, of the collected works of the masters of our
science. We have quite recently received, in a large quarto
volume, the mass of most important unpublished work that was
left behind him by the late Prof. J. C. Adams ; the zealous care
of Prof. Sampson has worked up into order the more purely
astronomical part of the volume ; while the great undertaking,
spread over many years, of the complete determination of the
secular change of the magnetic condition of the earth, for which
the practical preparations had been set on foot by Gauss himself,

has been prepared for the press by Prof. W. G. Adams. By the

publication of the first volume of Lord Rayleigh's papers a series

of memoirs which have formed a main stimulus to the progress

of mathematical physics in this country during the past twenty
years has become generally accessible. The completed .series

will form a landmark for the end of the century that may l)e

compared with Young's " Lectures on Natural Philosophy " for

its beginning.

The recent reconstruction of the University of London, and the
foundation of the University of Birmingham, will, it is to be hoped,
give greater freedom to the work of our University Colleges. ,

The system of examinations has formed an admirable stimulus

to the effective acquisition of that general knowledge which is a
necessary part of all education. So long as the examiner recog-

nises that his function is a responsible and influential one, which
is to be taken seriously from the point of view of moulding the
teaching in places where external guidance is helpful, test by ex-

amination will remain a most valuable means of extending the

area of higher education. Except for workers in rapidly pro-

gressive branches of technical science, a broad education seems
Ijetter adapted to the purposes of life than special training over
a narrow range ; and it is difficult to see how a reasonably
elastic examination test can be considered as a hardship. But
the case is changed when preparation for a specialised scientific

profession, or mastery of the lines of attack in an unsolved
problem, is the object. The general education has then been

.

presumably finished ; in expanding departments of knowledge,
variety rather than uniformity of training should be the aim, and
the genius of a great teacher should be allowed free play without
external trammels. It would appear that in this country we have
recently been liable to unduly mix up two methods. We have
been starting students on the special and jengthy, though very
instructive, processes which are known as original research at an
age when their time would be more profitably employed in

rapidly acquiring a broad basis of knowledge. As a result, we
have been extending the examination test from the general

knowledge to which it is admirably suited into the specialised

activity which is best left to the stimulus of personal interest.

Informal contact with competent advisers, themselves imbued
with the scientific spirit, who can point the way towards direct

appreciation of the works of the masters of the science, is

far more effective than detailed instruction at second hand, as

regards growing subjects that have not yet taken on an
authoritative form of exposition. Fortunately there seems to

be now no lack of such teachers to meet the requirements of

the technical colleges that are being established throughout the

country.

The famous treatise which opened the modern era by treating

magnetism and electricity on a scientific basis appeared just 3CX>

years ago. The author, William Gilbert, M.D., of Colchester,,

passed from the Grammar School of his native town to St. John's
College, Cambridge : soon after taking his first degree, in 1560,

he became a Fellow of the College, and seems to have remained
in residence, and taken part in its affairs, for alwut ten years.

All through his subsequent career, both at Colchester and after-

wards at London, where he attained the highest position in

his profession, he was an exact and diligent explorer, first of

chemical and then of magnetic and electric phenomena. In the

words of the historian Hallam, writing in 1839, " in his Latin

treatise on the Magnet he not only collected all the knowledge
which others had possessed, but he became at once the father of

experimental philosophy in this island "
; and no demur would

be raised if Hallam's restriction to this country were removed.

Working nearly a century before the time when the astronomical

discoveries of Newton had originated the idea of attraction at a

distance, he established a complete formulation of the interac-

tion of magnets by what we now call the exploration of their
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fields of force. His analysis of the facts of magnetic influence,

and incidentally of the points in which it differs from electric

influence, is virtually the one which Faraday re-introduced, A
cardinal advance was achieved, at a time when the Copernican
Astronomy had still largely to make its way, by assigning the

behaviour of the compass and the dip needle to the fact that the

earth itself is a great magnet, by whose field of influence they

are controlled. His book passed through many editions on the

Continent within forty years ; it won the high praise of Galileo.

Gilbert has been called " the father of modern electricity" by
Priestley, and " the Galileo of magnetism " by Poggendorff.

When the British Association last met at Bradford in 1873
the modern theory which largely reverts to Gilbert's way of

formulation, and refers electric and magnetic phenomena to the

activity of the aether instead of attractions at a distance, was of

recent growch ; it had received its classical exposition only two
years before by the publication of Clerk Maxwell's treatise.

The new doctrine was already widely received in England on
its own independent merits. On the Continent it was engaging
the strenuous attention of Helmholtz, whose series of memoirs,
deeply probing the new ideas in their relation to the prevalent

and fairly successful theories of direct action across space, had
begun to appear in 1870. During many years the search for

crucial experiments that would go beyond the results equally
explained by both views met with small success ; it was not
until 1887 that Hertz, by the discovery of the asthereal radiation

of long wave-length emitted from electric oscillators, verified

the hypothesis of Faraday and Maxwell and initiated a new era

. in the practical development of physical science. The experi-

mental field thus opened up was soon fully occupied both in

this country and abroad ; and the borderland between the

sciences of optics and electricity is now being rapidly explored.
The extension of experimental knowledge was simultaneous
with increased attention to directness of explanation ; the ex-

positions of Heaviside and Hertz and other writers fixed atten-

tion, in a manner already briefly exemplified by Maxwell him-
self, on the inherent simplicity of the completed rethereal

scheme, when once the theoretical scaffolding employed in its

construction and dynamical consolidation is removed ; while
Poynting's beautiful corollary specifying the path of the trans-

mission of energy through the aether has brought the theory into

simple relations with the applications of electrodynamics.

Equally striking has been the great mastery obtained during
the, last twenty years over the practical manipulation of electric

power. The installation of electric wires as the nerves connect-
ing different regions of the earih had attained the rank of ac-

complished fact so long ago as 1857, when the first Atlantic

cable was laid. It was largely the theoretical and practical

difficulties, many of them unforeseen, encountered in carrying
that great undertaking to a successful issue, that necessitated

the elaboration by Lord Kelvin and his coadjutors of convenient
methods and instruments for the exact measurement of electric

quantities, and thus prepared the foundation for the more recent

practical developments in other directions. On the other hand,
the methods of theoretical explanation have been in turn im-
proved and simplified through the new ways of considering the

phenomena which have been evolved in the course of practical

advances on a large scale, such as the improvement of dynamo
armatures, the conception and utilisation of magnetic circuits,

and the transmission of power by alternating currents. In our
lime the relations of civilised life have been already perhaps more
profoundly altered than ever before, owing to the establishment
of practically instantaneous electric communication between all

parts of the world. The employment of the same subtle agency
is now rapidly superseding the artificial reciprocating engines
and other contrivances for the manipulation of mechanical power
that were introduced with the employment of steam. The
possibilities of transmitting power to great distances at enormous
tension, and therefore with very slight waste, along lines merely
suspended in the air, are being practically realised ; and the

advantages thence derived are increased manifold by the almost
automatic manner in which the electric power can be transformed
into mechanical rotation at the very point where it is desired to

apply it. The energy is transmitted at such lightning speed that

at a given instant only an exceedingly minute portion of it is in

actual transit. When the tension of the aliernations is high,

the amount of electricity that has to oscillate backwards and
forwards on the guiding wires is proportionately diminished, and
the frictional waste reduced. At the terminals the direct trans-

mission from one armature of the motor to the other, across the
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intervening empty space, at once takes us beyond the province of
the pushing and rubbing contacts that are unavoidable in

mechanical transrriission ; while the perfect symmetry and re-

versibility of the arrangement by which power is delivered from
a rotatory alternator at one end, guided by the wires to another
place many miles away, where it is absorbed by another alter-

nator with precise reversal of the initial stages, makes this

process of distribution of energy resemble the automatic opera-
tions of nature rather than the imperfect material connections
previously in use. We are here dealing primarily with the

flawless continuous medium which is the transmitter of radiant

energy across the celestial spaces ; the part played by the

coarsely constituted material conductor is only that of a more or

less imperfect guide which directs the current of aeihereal energy.

The wonderful nature of this theoretically perfect, though of
course practically only approximate, methodof abolishing limita-

tions of locality with regard to mechanical power is not diminished
by the circumstance that its principle must have been in some
manner present to the mind of the first person who fully realised

the character of the reversibility of a gramme armature.

In theoretical knowledge a new domain, to which the theory
as expounded twenty years ago had little to say, has recently

been acquired through the experimental scrutiny of the electric

discharge in rarefied gaseous media. The very varied electric

phenomena of vacuum tubes, whose electrolytic character was
first practically established by Schuster, have l^een largely reduced
to order through the employment of the high exhaustions intro-

duced and first utilised by Crookes. Their study under these

circumstances, in which the material molecules are so sparsely

distributed as but rarely to interfere with each other, has con-

duced to enlarged knowledge and verification of the fundamental
relations in which the individual molecules stand to all electric

phenomena, culminating recently in the actual determination, by

J. J. Thomson and others following in his track, of the masses
and velocities of the particles that carry the electric discharge

across the exhausted space. The recent investigations of the

circumstances of the electric dissociation produced in the atmo-
sphere and in other gases by ultra-violet light, the Rontgeri

radiation, and other agencies, constitute one of the most striking

developments in experimental molecular physics since Graham
determined the molecular relations of gaseous diffusion and trans-

piration more than half a century ago. This advance in experi-

mental knowledge of molecular phenomena, assisted by the

discovery of the precise and rational effect of magnetism on the

spectrum, has brought into prominence a modification or rather

development of Maxwell's exposition of electric theory, which
was dictated primarily by the requirements of the abstract theory

itself; the atoms or ions are now definitely introduced as the

carriers of those electric charges which interact across the aether,

and so produce the electric fields whose transformations were the

main subject of the original theory.

We are thus inevitably led, in electric and fethereal theory, as

in the chemistry and dynamics of the gaseous state which is the

department of abstract physics next in order of simplicity, to the

consideration of the individual molecules of matter. The theo-

retical problems which had come clearly into view a quarter

of a century ago, under Maxwell's lead, whether in the exact

dynamical relations of cethereal transmission or in the more
fortuitous domain of the statistics of interacting molecules, are

those around which attention is still mainly concentrated ; but

as the result of the progress in each, they are now tending

towards consolidation into one subject. I propose—leaving

further review of the scientific aspect of the recent enormous
development of the applications of physical science for hands
more competent to deal with the practical side of that subject

—

to offer some remarks on the scope and validity of this molecular

order of ideas, to which the trend of physical explanation and
development is now setting in so pronounced a manner.

If it is necessary to offer an apology for detaining the attention

of the Section on so abstract a topic, I can plead its intrinsic

philosophical importance. The hesitation so long felt on the

Continent in regard to discarding the highly-developed theories

which analysed all physical actions into direct attractions

between the separate elements of the bodies concerned, in favour

of a new method in which our ideas are carried into regions

deeper than the phenomena, has now given place to eager dis-

cussion of the potentialities of the new standpoint. There has

even appeared a disposition to consider that the Newtonian
dynamical principles, which have formed the basis of physical

explanation for nearly two centuries, must be replaced in these
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per subjects by a method of direct description of the mere
irse of phenomena, apart from any attempt to establish causal

hitions ; the initiation of this method being traced, like that of

I Newtonian dynamics itself, to this country. The question
- arisen as to how far the new methods of rethereal physics

to be considered as an independent departure, how far they
iin the natural development of existing dynamical science. In

.gland, whence the innovation came, it is the more conservative

-ition that has all along been occupied. Maxwell was himself
ined in the school of physics established in this country by
r George Stokes and Lord Kelvin, in which the dominating
\ has been that of the strictly dynamical foundation of all

ysical action. Although the pupil's imagination bridged over
namical chasms, across which the master was not always able
follow, yet the most striking feature of Maxwell's scheme was
II the dynamical framework into which it was built. The

..lore advanced reformers have now thrown overboard the

apparatus of potential functions which Maxwell found necessary

for the dynamical consolidation of his theory, retaining only the

final result as a verified descriptive basis for the phenomena.
In this way all difficulties relating to dynamical development
and indeed consistency are avoided, but the question remains as

to how much is thereby lost. In practical electro-magnetics

the transmission of power is now the most prominent phenome-
non ; if formal dynamics is put aside in the general theory, its

guidance must here be replaced by some more empirical and
tentative method of describing the course of the transmission

and transformation of mechanical energy in the system.

The direct recognition in some form, either explicitly or

tacitly, of the part played by the oether, has become indispensable

to the development and exposition of general physics ever since

the discoveries of Hertz left no further room for doubt that this

physical scheme of Maxwell was not merely a brilliant specula-

tion, but constituted, in spite of outstanding gaps and difficulties,

a real formulation of the underlying unity in physical dynamics.
The domain of abstract physics is in fact roughly divisible into

two regions. In one of them we are mainly concerned with
interactions between one portion of matter and another portion

occupying a different position in space ; such interactions have
very uniform and comparatively simple relations ; and the

reason is traceable to the simple and uniform constitution of the

intervening medium in which they have their seat. The other
province is that in which the distribution of the material

molecules comes into account. Setting aside the ordinary
dynamics of matter in bulk, which is founded on the uniformity
of the pioperties of the bodies concerned and their experimental
determination, we must assign to this region all phenomena
which are concerned with the unco-ordinated motions of the
molecules, including the range of thermal and in part of radiant

actions ; the only possible basis for detailed theory is the
statistical dynamics of the distribution of the molecules. The
far more deep-seated and mysterious processes which are in-

volved in changes in the constitution of the individual molecules
themselves are mainly outside the province of physics, which is

competent to reason only about permanent material systems ;

they must be left to the sciences of chemistry and physiology.
Yet the chemist proclaims that he can determine only the
results of his reactions and the physical conditions under which
they occur ; the character of the bonds which hold atoms in

their chemical combinations is at present unknown, although
a large domain of very precise knowledge relating, in some dia-

grammatic manner, to the topography of the more complex
molecules has been attained. The vast structure which chemical
science has in this way raised on the narrow foundation of the
atomic theory is perhaps the most wonderful existing illustration

both of the rationality of natural processes and of the analytical

powers of the human mind. In a word, the complication of
the material world is referable to the vast range of structure and
of states of aggregation in the material atoms ; while the possi-

bility of a science of physics is largely due to the simplicity of
constitution of the universal medium through which the individual
atoms interact on each other.

The reference of the uniformity in the interactions at a dis-

tance between material bodies to the part played by the lether
is a step towards the elimination of extraneous and random
hypotheses about laws of attraction between atoms. It also
places that medium on a different basis from matter, in that its

mode of activity is simple and regular, whereas intimate material
interactions must be of illimitable complexity. This gives strong
ground for the view that we should not be tempted towards ex-
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plaining the simple group of relations which have been found to

define the activity of the sether, by treating them as mechanical
consequences of concealed structure in that medium ; we should
rather rest satisfied with having attained to their exact dynamical
correlation, just as geometry explores or correlates, without ex-
plaining, the descriptive and metric properties of space. On
the other hand, a view is upheld which considers the pressures
and thrusts of the engineer, and the strains and stresses in the
material structures by whicli he transmits them from one place
to another, to be the archetype of the processes by which all

mechanical effect is transmitted in nature. This doctrine im-
plies an expectation that we may ultimately discover something
analogous to structure in the celestial spaces, by means of which
the transmission of physical eflFect will be brought into line with
the transmission of mechanical effect by material framework.
At a time when the only definitely ascertained function of the

aether was the undulatory propagation of radiant energy across

space, Lord Kelvin pointed out that, by reason of the very
great velocity of propagation, the density of the radiant energy
in the medium at any place must be extremely small in com-
parison with the amount of energy that is transmitted m a
second of time : this easily led him to the very striking con-
clusion that, on the hypothesis that the aether is like material

elastic media, it is not necessary to assume its density to be
more than lO"'* of that of water, or its optical rigidity to be
more than ten lo"*^ of that of steel or glass. Thus far the rether

would be merely an impalpable material atmosphere for the

transference of energy by radiation, at extremely small densities

but with very great speed, while ordinary matter would be the
seat of practically all this energy. Hut this way of explaining

the absence of sensible influence of the a-ther on the phenomena
of material dynamics lost much of its basis as soon as it was
recognised that the same medium must be the receptacle of
very high densities of energy in the electric fields around
currents and magnets.^ The other mode of explanation is to

consider the aiher to be of the very essence of all physical

actions, and to correlate the absence of obvious mechanical
evidence of its intervention with its regularity and universality.

On this plan of making the eether the essential factor in the

transformation of energy as well as its transmission across space,

the material atom must be some kind of permanent nucleus that

retains around itself an aethereal field of physical influence, such

as, for example, a field of strain. We can recognise the atom
only through its interactions with other atoms that are so far

away from it as to be practically independent systems ; thus our

direct knowledge of the atom will be confined to this field of

force which belongs to it. Just as the exploration of the distant

field of magnetic influence of a steel magnet, itself concealed

from view, cannot tell us anything about the magnet except the

amount and direction of its moment, so a practically complete

knowledge of the field of physical influence of an atom might be

expressible in terms of the numerical values of a limited number
of physical moments associated with it, without any revelation

as to its essential structure or constitution being involved. This

will at any rate be the case for ultimate atoms if, as is most
likely, the distances at which they are kept apart are large com-
pared with the diameters of the atomic nuclei ; it in fact forms

our only chance for penetrating to definite dynamical views of

molecular structure. So long as we cannot isolate a single

molecule, but must deal observationally with an innumerable

distribution of them, even this kind of knowledge will be largel

confined to average values. But the last half-century has wit-

nessed the successful application of a new instrument of re-

search, which has removed in various directions the limitations

that had previously been placed on the knowledge to which it

was possible for human effort to look forward. The spectroscope

has created a new astronomy by revealing the constitutions and

the unseen internal motions of the stars. Its power lies in the

fact that it does take hold of the internal relations of the indi-

vidual molecule of matter, and provide a very definite and

1 We can here only allude to Lord Kelvin's recent most interesting

mechanical illustrations of a solid aether interacting with material molecules

and with itself by attraction at a distance : unlike the generalised dyna-

mical methods expounded in the text, which can leave the intimate

structure of the material molecule outside the problem, a definite working

constiiution is there assigned to the molecular nucleus. It is pointed out

in a continuation that is to appear in the Phil. Ma^. for September, that

a density of aether of the order of only lo ", which would not appreciably

affect the inertia of matter, would involve rigidity comparable with that of

stee', and thus permit transmission of magnetic forces by stress ; this solid

a;ther is, however, as usual, taken to be freely permeable to the molecules

of matter.
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detailed, though far from complete, analysis of the vibratory

motions that are going on in it ; these vibrations being in their

normal state characteristic of its dynamical constitution, and in

their deviations from the normal giving indications of the velocity

of its movement and the physical state of its environment.
'

Maxwell long ago laid emphasis on the fact that a physical

atomic theory is not competent even to contemplate the vast

mass of potentialities and correlations of the past and the future,

that biological theory has to consider as latent in a single organic

germ containing at most only a few million molecules. On our

present view we can accept his position that the properties of

such a body cannot be those of a "' purely material system,"

provided, however, we restrict this phrase to apply to physical

properties as here defined. But an exhaustive discovery of the

intimate nature of the atom is beyond the scope of physics

;

questions as to whether it must not necessarily involve in itself

some image of ihe complexity of the organic structures i)f which

it can form a correlated part must remain a subject of specula-

tion outside the domain of that science. It might be held that

this conception of discrete atoms and continuous xther really

stands, like those of space and time, in intimate relation with

our modes of mental apprehension, into which any consistent

picture of the external world must of necessity be fitted. In any

case it would involve abandonment of all the successful traditions

of our subject if we ceased to hold that our analysis can be

formulated in a consistent and complete manner, so far as it

goes, without being necessarily an exhaustive account of phe-

nomena that are beyond our range of experiment. Such
phenomena may be more closely defined as those connected

with the processes of intimate combination of the molecules

:

they include the activities of organic beings which all seem to

depend on change of molecular structure.

If, then, we have so small a hold on the intimate nature of

matter, it will appear all the more striking that physicists have
been able precisely to divine the mode of operation of the in-

tangible sether, and to some extent explore in it the fields of

physical influence of the molecules. On consideration we
recognise that this knowledge of fundamental physical inter-

action has been reached by a comparative process. The mechan-
ism of the propagation of light could never have been studied

in the free aether of space alone. It was possible, however, to

determine the way in which the characteristics of optical propa-

gation are modified, but not wholly transformed, when it takes

place in a transparent material body instead of empty space.

The change in fact arises on account of the aether being

entangled with the network of material molecules ; but inasmuch
as the length of a single wave of radiation covers thousands of

these molecules the wave-motion still remains uniform and does

not lose its general type. A wider variation of the experimental

conditions has been provided for our examination in the case

of those substances in which the phenomenon of double refrac-

tion pointed to a change of the aethereal properties which varied

in different directions ; and minute study of this modifi-

cation has proved sufficient to guide to a consistent appreciation

of the nature of this change, and therefore of the mode of

^ethereal propagation that is thus altered. In the same way, it

was the study and development of the manner in which the

laws of electric phenomena in material bodies had been
unravelled by Ampere and Faraday that guided Faraday him-
self and Maxwell—who were impressed with the view that the

oether was at the bottom of it all— in their progress towards an
application of similar laws to aether devoid of matter, such as

would complete a scheme of continuous action by consistently

interconnecting the material bodies and banishing all untraced

interaction across empty space. Maxwell in fact chose to finally

expound the theory by ascribing to the sether of free space a

dielectric constant and a magnetic constant of the same types as

had been found to express the properties of material media, thus

extending the seat of the phenomena to all space on the plan of

describing the activity of the tether in terms of the ordinary

electric ideas. The converse mode of development, starting

with the free tether under the directly dynamical form which
has been usual in physical optics, and introducing the influence

of the material atoms through the electric charges which are

involved in their constitution, ^ was hardly employed by him ;

1 In 1870 Maxwell, while admiring the breadth of the theory of Weber,
which is virtually based on atomic charges combined with action at a
distance, still regarded it as irreconcilable with his own theory, and lelt to

the future the question as to why " theories apparently so fundamentally
opposed should have so large a field of truth common to both."

—
" Scientific

Papers," ii. p. 228.
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in part, perhaps, because, owing to the necessity of correlating
his theory with existing electric knowledge and the mode of ib
expression, he seems never to have reached the stage of mould
ing it into a completely deductive form.

The dynamics of the aether, in fact the recognition of tli

existence of an tether, has thus, as a matter of history, beei

reached through study of the dynamical phenomena of mattei
When the dynamics of a material system is worked up to i

purest and most general form, it becomes a formulation of the
relations between the succession of the configurations and states

of motion of the system, the assistance of an independent idea
of force not being usually required. We can, however, only
attain to such a compact statement when the system is self-

contained, when its motion is not being dissipated by agencies
of frictional type, and when its connections can be directly

specified by purely geometrical relations between the co-

ordinates, thus excluding such mechanisms as rolling contacts.

The course of the system is then in all cases determined by
some form or other of a single fundamental property, that any
alteration in any small portion of its actual course must produce
an increase in the total " Action " of the motion. It is to be
observed that in employing this law of minimum as regards the
Action expressed as an integral over the whole time of the

motion, we no more introduce the future course as a determining
influence on the present state of motion than we do in drawing
a straight line from any point in any direction, although the

length of the line is the minimum distance between its ends.

In drawing the line piece by piece we have to make tentative

excursions into the immediate future in order to adjust each
element into straightness with the previous element ; so in

tracing the next stage of the motion of a material system we have
similarly to secure that it is not given any such directions as would
unduly increase the Action. But whatever views maybe held as

to the ultimate significance of this principle of Action, its import-

ance, not only for mathematical analysis, but as a guide to physical

exploration, remains fundamental. When the principles of the

dynamics of material systems are refined down to their ultimate

common basis, this principle of minimum is what remains.

Hertz preferred to express its contents in the form of a principle

of straightness of course or path. It will be recognised, on the

lines already indicated, that this is another mode of statement of

the same fundamental idea ; and the general equivalence is

worked out by Hertz on the basis of Hamilton's development
of the principles of dynamics. The latter mode of statement

may be adaptable so as to avoid the limitations which restrict

the connections of the system, at the expense, however, of

introducing new variables ; if, indeed, it does not introduce

gratuitous complexity for purposes of physics to attempt to do
this. However these questions may stand, this principle of

straightness or directness of path forms, wherever it applies,

the most general and comprehensive formulation of purely

dynamical action : it involves in itself the complete course of

events. In so far as we are given the algebraic formula for the

time-integral which constitutes the Action, expressed in terms

of any suitable co-ordinates, we know implicitly the whole
dynamical constitution and history of the system to which it

applies. Two systems in which the Action is expressed by the

same formula are mathematically identical, are physically pre-

cisely correlated, so that they have all dynamical properties in

common. When the structure of a dynamical system is largely

concealed from view, the safest and most direct way towards an
exploration of its essential relations and connections, and in

fact towards answering the prior question as to whether it is a

purely dynamical system at all, is through this order of ideas.

The ultimate test that a system is a dynamical one is not that we
shall be able to trace mechanical stresses throughout it, but that

its relations can be in some way or other consolidated into

accordance with this principle of minimum Action. This

definition of a dynamical system in terms of the simple principle

of directness of path may conceivably be subject to objection as

too wide ; it is certainly not too narrow ; and it is the conception

which has naturally been evolved from two centuries of study of

the dynamics of material bodies. Its very great generality may
lead to the objection that we might completely formulate the

future course of a system in its terms, without having obtained

a working familiarity with its details, of the kind to which we
have become accustomed in the analysis of simple material

systems ; but our choice is at present between this kind of

formulation, which is a real and essential one, and an empirical

description of the course of phenomena combined with explan-
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alions relating to more or less isolated groups. The list of great

names, including Kelvin, Maxwell, Helmholtz, that have been
Associated with the employment of the principle for the elucida-

tion of the relations of deep-seate 1 dynamical phenomena
is a strong guarantee that we shall do well by making the most
of this clue.

Are we then justified in treating the material molecule, so far

as revealed by the spectroscope, as a dynamical system coming
under this specification ? Its intrinsic energy is certainly per-

manent and not subject to dissipation ; otherwise the molecule
would gradually fade out of existence. The extreme precision

and regularity of detail in the spectrum shows that the vibrations

which produce it are exactly synchronous, whatever be their

amplitude, ami in so far resemble the vibrations of small

amplitude in material systems. As all indications point to the

molecule being a system in a state of intrinsic motion, like a

vortex ring, or a stellar system in astronomy, we must consider

these radiating vibrations to take place around a steady state of

motion which does not itself radiate, not around a state of rest.

Now not the least of the advantages possessed by the Action

principle, as a foundation for theoretical physics, is the fact that

its statement cm be adapted to systems involving in their con-

stitution permanent steady motions of this kind, in such a way
that only the variable motions superposed on them come into

consideration. The possibilities as regards physical correlation

of thus introducing permanent motional states as well as per-

manent structure into the constitution of our dynamical systems

have long been emphasised by Lord Kelvin ; ^ the effective

adaptation of abstract dynamics to such systems was made
independently by Kelvin and Routh about 1877 ; the more
recent exposition of the theory by Helmholtz has directed general

attention to what is undoubtedly the most significant extension

of dynamical analysis which has taken place since the time of

Lagrange.
Returning to the molecules, it is now verified that the Action

principle forms a valid foundation throughout electrodynamics

and optics ; the introduction of the Kther into the system has

not affected its application. It is therefore a reasonable hypo-
thesis that the principle forms an allowable foundation for the

dynamical analysis of the radiant vibrations in the system

formed by a single molecule and surrounding tether ; and the

knowledge which is now accumulating, both of the orderly

grouping of the lines of the spectrum and of the modifications

impressed on these lines by a magnetic field or by the density

of the matter immediately surrounding the vibrating molecule,

can hardly fail to be fruitful for the dynamical analysis of its

constitution. But let it be repeated that this analysis would be
complete when a formula for the dynamical energy of the mole-

cule is obtained, and would go no deeper. Starting from our

definitely limited definition of the nature of a dynamical system,

the problem is merely to correlate the observed relations of

the periods of vibration in a molecule, when it has come
into a steady state as regards constitution and is not under
the influence of intimate encounter with other molecules.

It may be recalled incidentally that the generalised Maxwell-
Boltzmann principle of the equable distribution of the acquired

store of kinetic energy of the molecule, among its various possible

independent types of motion, is based directly on the validity of

the Action principle for its dynamics. In the demonstrations
usually offered the molecule is considered to have no permanent
or constitutive energy of internal motion. It can, however, be

shown, by use of the generalisation aforesaid of the Action
principle, that no discrepancy will arise on that account. Such
intrinsic kinetic energy virtually adds on to the potential energy of

the system ; and the remaining or acquired part of the kinetic

energy of the molecule may be made the subject of the same
train of reasoning as before.

Let us now return to the general question whether our
definition of a dynamical system may not be too wide. As
a case in point, the single principle of Action has been shown
to provide a definite and sufficient basis for electrodynamics ; yet

when, for e.xample, one armature of an electric motor pulls the
other after it without material contact, and so transmits mechani-
cal power, no connection between them is indicated by the

principle such as could by virtue of internal stress transmit the
pulL The essential feature of the transmission of a pull by stress

across a medium is that each element of volume of the medium

1 For .-i classical exposition see his Brit. Assoc. Address of 18S4 on " Steps
towards a Kinetic Theory of Matter," reprinted in " Popular Lectures and
Addresses," vol. i.
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acts by itself, independently of the other elements. The stress

excited in any element depends on the strain or other displace-

ment occurring in that element alone ; and the mechanical effect

that is transmitted is considered as an extraneous force applied

at one place in the medium, and passed on from element to

element through these internal pressures and tractions until it

reaches another place. We have, however, to consider two
atomic electric charges as being themselves some kind of strain

configurations in the tether ; each of them already involves an
atmosphere of strain in the surrounding Kther which is part of
its essence, and cannot be considered apart from it ; each of

them essentially pervades the "entire space, though on account

of its invariable character we consider it as a unit. Thus we
appear to be debarred from imagining the aether to act as an
elastic connection which is merely the agent of transmission of

a pull from the one nucleus to the other, because there are already

stresses belonging to and constituting an intrinsic part of the

terminal electrons, which are distributed all along the medium.
Our Action criterion of a dynamical system, in fact, allows us to

reason about an electron as a single thing, nothwithstanding

that its field of energy is spread over the whole medium ; it is

only in material solid bodies, and in problems in which the

actual sphere of physical action of t he molecule is small compared
with the smallest element of volume that our analysis considers,

that the familiar idea of transmission of force by simple stress

can apply. Whatever view may ultimately commend itself,

this question is one that urgently demands decision. A very

large amount of effort has been expended by Maxwell,
Helmholtz, Heaviside, Hertz,, and other authorities in the

attempt to expre.ss the mechanical phenomena of electrical action

in terms of a transmitting stress. The analytical results up to a
certain point have been promising, most strikingly so at the

beginning, when Maxwell established the mathematical validity

of the way in which Faraday was accustomed to represent to

himself the mechanical interactions across space, in terms of a
tension along the lines of force equilibrated by an equal pressure

preventing their expansion sideways. According to the views

here developed, that ideal is an impossible one ; if this could

be established to general satisfaction the field of theoretical

discussion would be much simplified.

This view that the atom of matter is, so far as regards

physical action.=, of the nature of a structure in the tether in-

volving an atmosphere of tethereal strain all around it, not a
small body which exerts direct actions at a distance on other

atoms according to extraneous laws of force, was practically

foreign to the eighteenth century, when mathematical physics

was modelled on the Newtonian astronomy and dominated by its

splendid success. The scheme of material dynamics, as finally

compactly systematised by Lagrange, had therefore no direct

relation to such a view, although it has proved wide enough to

include it. The remark has often been made that it is probably

owing to Faraday's mathematical instinct, combined with his

want of acquaintance with the existing analysis, that the modern
theory of the tether obtained a start from the electric side.

Through his teaching and the weight of his authority, the notion

of two electric currents exerting their mutual forces by means
of an intervening medium, instead of by direct attraction across

space, was at an early period firmly grasped in this country. In

1845 Lord Kelvin was already mathematically formulating, with

most suggestive success, continuous elastic connections, by whose

strain the fields of activity of electric currents or of electric dis-

tributions could be illustrated; while the exposition of .Maxwell's

interconnected scheme, in the earlier form in which it relied on

concrete models of the electric action, goes back almost to i860.

Corresponding to the two physical ideals of isolated atoms exert-

ing attraction at a distance, and atoms operating by atmospheres

of tiethereal strain, there are, as already indicated, two different

developments of dynamical theory. The original Newtonian

equations of motion determined the course of a system by ex-

pressing the rates at which the velocity of each of its small parts

or elements is changing. This method is still fully applicable to

those problems of gravitational astronomy in which dynamical

explanation was first successful on a grand scale, the planets

being treated as point-masses, ea:h subject to the gravitational

attraction of the other bodies. But the more recent development

of the dynamics of complex systems depends on the fact that

analysis has been able to reduce within manageable limits the

number of varying quantities whose course is to be explicitly

traced, through taking advantage of those internal relations of

the parts of the system that are invariable, either geometrically
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or dynamically. Thus, to take the simplest case, the dynamics

of a solid body can be confined to a discussion of its three com-
ponents of translation and its three components of rotation, in-

stead of the motion of each element of its mass. With the number
of independent co-ordinates thus diminished, when the initial

state of the motion is specified the subsequent course of the

complete system can be traced ; but the course of the changes in

any part of it can only be treated in relation to the motion of

the system as a whole. It is just this mode of treatment of a

system as a whole that is the main characteristic of modern
physical analysis. The way in which Maxwell analysed the

interactions of a system of linear electric currents, previously

treated as if each were made up of small independent pieces or

elements, and accumulated the evidence that they formed a

single dynamical system, is a trenchant example. The inter-

actions of vortices in fluid form a very similar problem, which is

of special note in that the constitution of the system is there

completely known in advance, so that the two modes of

dynamical exposition can be compared. In this case the older

method forms independent equations for the motion cf each

material element of the fluid, and so requires the introduction

of the stress— here the fluid pressure—by which dynamical eff"ect

is passed on to it from the surrounding elements : it corresponds

to a method of contact action. But Helmholtz opened up new
ground in the abstract dynamics of continuous media when he
recognised (after Stokes) that, if the distribution of the velocity

of spin at those places in the fluid where the motion is vortical

be assigned, the motion in every part of the fluid is therein

kineniatically involved. This, combined with the theorem of

Lagrange and Cauchy, that the spin is always confined to the

same portions of the fluid, formed a starting-point for his theory

of vortices, which showed how the subsequent course of the

motion can be ascertained without consideration of pressure or

other stress.

The recognition of the permanent state of motion constituting

a vortex ring as a determining agent as regards the future

course of the system was in fact justly considered by Helmholtz
as one of his greatest achievements. The principle had entirely

eluded the attention of Lagrange and Cauchy and Stokes, who
were the pioneers in this fundamental branch of dynamics, and
had virtually prepared all the necessary analytical material for

Helmholtz's use. The main import of this advance lay, not in

the assistance which it afforded to the development of the

complete solution of special problems in fluid motion, but in

the fact that it constituted the discovery of the types of per-

manent motion of the system, which could combine and inter-

act with each other without losing their individuality,^ though
each of them pervaded the whole field. This rendered possible

an entirely new mode of treatment ; and mathematicians who
were accustomed, as in astronomy, to aim directly at the

determination of all the details of the special case of motion,

were occasionally slow to apprehend the advantages of a pro-

cedure which stopped at formulating a description of the nature

of the interaction between various typical groups of motions
into which the whole disturbance could be resolved.

The new train of ideas introduced into physics by Faraday
was thus consoHdated and emphasised by Helmholtz's investig-

ations of 1858 in the special domain of hydrodynamics. In

illustration let us consider the fluid medium to be pervaded by
permanent vortices circulating round solid rings as cores : the

older method of analysis would form equations of motion for

each element of the fluid, involving the fluid pressure, and by
their integration would determine the distribution of pressure on
each solid ring, and thence the way it moves. This method is

hardly feasible even in the simplest cases. The natural plan is

to make use of existing simplifications by regarding each vortex

as a permanent reality, and directly attacking the problem of

its interactions with the other vortices. The energy of the

fluid arising from the vortex motion can be expressed in terms

of the positions and strengths of the vortices alone ; and then

the principle of Action, in the generalised form which includes

steady motional configurations as well as constant material con-

figurations, affords a method of deducing the motions of the

cores and the interactions between them. If the cores are thin

they in fact interact mechanically, as Lord Kelvin and Kirchhoff"

proved, in the same manner as linear electric currents would
do ; though the impulse thence derived towards a direct hydro-
kinetic explanation of electro-magnetics was damped by the fact

1 We may compare G. W. Hill's more recent introduction of the idea of
permanent orbils into physical astronomy.
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that repulsion and attraction have to be interchanged in the
analogy. The conception of vortices, once it has been arrived

at, forms the natural physical basis of investigation, although
the older method of determining a distribution of pressure-stress

throughout the fluid and examining how it affects the cores is

still possible ; that stress, however, is not simply transmitted,

as it has to maintain the changes of velocity of the various

portions of the fluid. But if the vortices have no solid cores we
are at a loss to know where even this pressure can be considered
as applied to them ; if we follow up the stress, we lose the
vortex

; yet a fluid vortex can nevertheless illustrate an atom of
matter, and we can consider such atoms as exerting mutual
forces, only these forces cannot be considered as transmitted

through the agency of fluid pressure. The reason is that the
vortex cannot now be identified with a mere core bounded by a
definite surface, but is essentially a configuration of motion
extending throughout the medium.
Thus we are again in face of the fundamental question

whether all attempts to represent the mechanical interactions of

electro-dynamic systems, as transmitted from point to point by
means of simple stress, are not doomed to failure ; whether
they do not, in fact, introduce unnecessary and insurmountable
difficulty into the theory. The idea of identifying an atom with
a state of strain or motion, pervading the region of the zether

around its nucleus, appears to demand wider views as to what
constitutes dynamical transmission. The idea that any small

portion of the primordial medium can be isolated, by merely
introducing tractions acting over its surface and transmitted

from the surrounding parts, is no longer appropriate or con-
sistent : a part of the dynamical disturbance in that element of

the medium is on this hypothesis already classified as belonging
to, and carried along with, atoms that are outside it but in its

neighbourhood—and this part must not be counted twice over.

The law of Poynting relating to the paths of the transmission of
energy is known to hold in its simple form only when the

electric charges or currents are in a steady state ; when they are

changing their positions or configurations their own fields of

intrinsic energy are carried along with them.
It is not surprising, considering the previous British familiarity

with this order of ideas, that the significance for general physics
of Helmholtz's doctrine of vortices was eagerly developed in

this country, in the form in which it became embodied through
Lord Kelvin's famous illustration of the constitution of the

matter, as consisting of atoms with separate existence and
mutual interactions. This vortex-atom theory has been a main
source of physical suggestion because it presents, on a simple
basis, a dynamical picture of an ideal material system, atomic-
ally constituted, which could go on automatically without
extraneous support. The value of such a picture may be held
to lie, not in any supposition that this is the mechanism of the

actual world laid bare, but in the vivid illustration it affords of

the fundamental postulate of physical science, that mechanical
phenomena are not parts of a scheme too involved for us to

explore, but rather present themselves in definite and consistent

correlations, which we are able' to disentangle and apprehend
with continually increasing precision.

It would be an interesting question to trace the origin of our

preference for a theory of transmission of physical action over

one of direct action at a distance. It may be held that it rests

on the same order of ideas as supplies our conception of force ;

that the notion of effort which we associate with change of the

motion of a body involves the idea of a mechanical connection

through which that effort is applied. The mere idea of a trans-

mitting medium would then be no more an ultimate foundation

for physical explanation than that of force itself. Our choice

between direct distance action and mediate transmission would
thus be dictated by the relative simplicity and coherence of the

accounts they give of the phenomena : this is, in fact, the basis

on which Maxwell's theory had to be judged until Hertz
detected the actual working of the medium. Instantaneous

transmission is to all intents action at a distance, except in so

far as the law of action may be more easily formulated in terms

of the medium than in a direct geometrical statement.

In connection with these questions it may be permitted to

refer to the eloquent and weighty address recently delivered by
M. Poincare to the International Congress of Physics. M.
Poincare accepts the principle of Least Action as a trustworthy

basis for the formulation of physical theory, but he imposes the

condition that the results must satisfy the Newtonian law of

equality of action and reaction between each pair of bodies
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concerned, considered by themselves ; this, however, he would
allow to be satisfied indirectly, if the effects could be traced

across the intervening rether by stress, so that the tractions on
the two sides of each ideal interface are equal an! opposite.'

As above argued, this view appears to exclude ab initio all

atomic theories of the general type of vortex atoms, in which
the energy of the atom is distributed throughout the medium
instead of being concentrated in a nucleus ; and this remark
seems to go to the root of the question. On the other hand,

the position here asserted is that recent dynamical developments
have permitted the extension ot the principle of Action to

systems involving permanent motions, whether obvious or latent,

as put of their constitution ; that on this wider basis the atom
may itself involve a state of steady disturbance extending
through the medium, instead of being only a local structure act-

ing by push and pull. The possibilities of dynamical explana-

tion are thus enlarged. The most definite type of model yet

imagined of the physical interaction of atoms through the ;i^ther

is, perhaps, that which takes the a-ther to be a rotational ly
elastic medium after the manner of MacCullagh and Rankine,
and makes the ultimate atom include the nucleus of a permanent
rotational strain-configuration, which as a whole may be called

an electron. The question how far this is a legitimate and
effective model stands by itself, apart from the dynamics which
it illustrates ; like all representations it can only cover a limited

ground. For instance, it cannot claim to include the internal

structure of the nucleus of an atom or even of an electron ; for

purposes of physical theory that problem can be pat aside, it

may even be treated as inscrutable. All that is needed is a

postulate of free mobility of this nucleus through the tether.

This is definitely hypothetical, but it is not an unreasonable
postulate because a rotational i\;ther has the properties of a per-

tect fluid medium except wliere differentially rotational motions
are concerned, and so would not react on the motion of any
structure moving through it except after the manner of an ap-

parent change of inertia. It thus seems possible to hold that

such a model forms an allowable representation of the dynamical
activity of the a;thcr, as distinguished from the complete con-
stitution of the material nuclei between which that medium
establishes connection.

At any rate, models of this nature have certainly been most
helpful in Maxwell's hands towards the effective intuitive grasp
of a scheme of relations as a whole, which might have proved
too complex for abstract unravelment in detail. When a physical

model of concealed dynamical processes has served this kind of
purpose, when its content has been explored and estimated, and
has become familiar through the introduction of new terms and
ideas, then the ladder by which we have ascended may be kicked
away, and the scheme of relations which the model embodied
can stand forth in severely abstract form. Indeed, many of the
most fruitful branches of abstract mathematical analysis itself

have owed their start in this way to concrete physical concep-
tions. This gradual transition into abstract statement of physical

relations in fact amounts to retaining the essentials of our work-
ing models while eliminating the accidental elements involved
in them ; elements of the latter kind must always be present
because otherwise the model would be identical with the thing
which it represents, whereas we cannot expect to mentally grasp
all aspects of the content of even theisimplest phenomena. Vet
the abstract standpoint is always attained through the concrete ;

and for purposes of instruction such models, jiroperly guarded,
do not perhaps ever lose their value : they are just as legitimate
aids as geometrical diagrams, and they have the same kind of
limitations. In Maxwell's words, "for the sake of persons of
these different types scientific truth should be presented in dif-

ferent forms, and should be regarded as equally scientific

whether it appear in the robust form and the vivid colouring of
a physical illustration, or in the tenuity and paleness of a sym-
bolical expression." The other side of the picture, the neces-
sary incompleteness of even our legitimate images and modes of
representation, comes out in the despairing opinion of Young
("Chromatics," 1817), at a time when his faith in the un-
dulatory theory of light had been eclipsed by Malus's discovery
of the phenomena of polarisation by reflection, that this diffi-

culty "will probably long remain, to mortify the vanity of an

J Cf. also Hertz on the electro-mapiietic equations, § 12, IVied. Ann..
1890. The problem of merely repl.icing a system of forces hy a statical
stress is widely indeterminate, and therefore by itself unreal ; the actual
question is whether any such representation cin be co-ordinated with existinR
dynamics.

NO. 16 10, VOL. 62]

ambitious philosophy, completely unresolved by anythe:)ry":
not many years afterwards the mystery was solved by Fresnel.

This process of removing the intellectual .scaffolding by which
our knowledge is reached, and preserving only the final formul;?

which express the correlations of the directly observable things,

may moreover readily be pushed too far. It asserts the concep-
tion that the universe is like an enclosed clock that is wound up
to go, and that accordingly we can observe that it is going, and
can see some of its more superficial movements, but not much
of them ; that thus, by patient observation and use of analogy,
we can compile, in merely tabular form, information as to the
manner in which it works and is likely to go on working, at any
rate for some time to come : but that any attempt to probe the
underlying connection is illusory or illegitimite. As a theo-

retical precept this is admirable. It minimises the danger of
our ignoring or forgetting the limitations of human faculty,

which can only utilise the imperfect representations that the

external world impresses on our senses. On the other hand such
a remainder has rarely been required by the master minds of
modern science, from Descartes and Newton onwards, what-
ever their theories may have been. Its danger as a dogma lies

in its application. Who is to decide, without risk of error,

what is essential fact and what is intellectual scaffolding? To
which class does the atomic theory of maf.er belong ? That is,

indeed, one of the intangible things which it is suggested may
be thrown overboard, in .sorting out and cUsiifying our scientific

possessions Is the mental idea or image, which suggests, and
alone can suggest, the experiment that adds to our concrete
knowledge, less real than the bare phenomenal uniformity which
it has revealed ? Is it not, perhaps, more real in that the uni-

formities might not have been there in the absence of the mini
to perceive them ?

No time is now left for review of the methods of molecular
dynamics. Here our knowledge is entirely confined to steady

states of the molecular system : it is purely statical. In ordinary

statics and the dynamics of undisturbed steady notions, the

form of the energy function is the sufficient basis of the whole
subject. This method is extended to thermodynamics by
making use of the mechanically available energy of Rankine
and Kelvin, which is a function of the bodily configuration and
chemical constitution and temperature of the system, whose
value cannot under any circumstances spontaneously increase,

while it will diminish in any operation which is not reversible.

In the statics of systems in equilibrium or in steady motion, this

method of energy is a particular case of the method of Action ;

but in its extension to thermal statics it is made to include

chemical as well as configurational changes, and a new point

appears to arise. Whether we do or do not take it to be pos-

sible to trace the application of the principle of Action through-
out the process of chemical combination of two molecules, we
certainly here postulate that the static case of that principle,

which applies to steady systems, can be extended across chemical
combinations. The question is suggested whether extension

would also be valid to transformations which involve vital pro-

cesses. This seems to be still considered an open question by
the best authorities. If it be decided in the negative a distinc-

tion is involved between vital and merely chemical processes.

It is now taken as established that vital activity cannot create

energy, at any rate in the long run, which is all that can from
the nature of the case be tested. It seems not unreasonable
to follow the analogy of chemical actions, and assert that it

cannot in the long run increase the mechanical availability of

energy—that is, considering the organism as an apparatus for

transforming energy without being itself in the long run

changed. But we cannot establish a Carnot cycle for a portion

of an organism, nor can we do so for a limited period of lime ;

there might be creation of availability accompanied by changes
in the organism itself, but compensated by destruction and the

inverse changes a long time afterwards. This amounts to as-

serting that where, as in a vital system or even in a simple mole-

cular combination, we are unable to trace or even assert complete
dynamical sequence, exact thermodynamic statements should
be mainly confined to the activity of the existing organism as a

whole ; it may transform inorganic material without change of

energy and without gain of availability, although any such
statements would be inappropriate and unmeaning as regards

the details of the processes that take place inside the organism
itself.

In any case it would appear that there is small chance of

reducing these questions to direct dynamics ; we should rather
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regard Carnot's principle, which includes the law of uniformity

of temperature and is the basis of the whole theory, as- a pro-

perty of statistical type confined to stable or permanent aggre-

gations of matter. Thus no dynamical proof from molecular

considerations could be regarded as valid unless it explicitly

restricted the argument to permanent systems ; yet the condi-

tions of permanency are unknown except in the simpler cases.

The only mode of discussion that is yet possible is the method
of dynamical statistics of molecules introduced by Maxwell.

Now statistics is a method of arrangement rather than of demon-
stration. Every statistical argument requires to be verified by
comparison with the facts, because it is of the essence of this

method to take things as fortuitously distributed except in so

far as we know the contrary ; and we simply may not know
essential facts to the contrary. For example, if the interaction

of the aether or other cause produces no influence to the con-

trary, the presumption would be that the kinetic energy ac-

quired by a molecule is, on the average, equally distributed

among its various independent modes of motion, whether vi-

brational or translational. Assuming this type of distribution

to lie once established in a gaseous system, the dynamics of

Rollzmann and Maxwell show that it must be permanent. But
its assuinption in the first instance is a result rather of the

absence than of the presence of knowledge of the circumstances,

and can be accepted only so far as it agrees with the facts ; our

knowledge of the facts of specific heat shows that it must be

restricted to modes of motion that are homologous. In the

words of Maxwell, when he first discovered in i860, to his

great surprise, that in a system of colliding rigid atoms the

energy would always be equally divided between translatory and
rotatory motions, it is only necessary to assume, in order to

evade this unwelcome conclusion, that " something essential to

the complete statement of the physical theory of molecular

encounters must have hitherto escaped us."

Our survey thus tends to the result, that as regards the simple

jind uniform phenomena which involve activity of finite regions

of the universal tether, theoretical physics can lay claim to con-

.structive functions, and can build up a definite scheme ; but in

the domain of matter the most that it can do is to accept the

existence of such permanent molecular systems as present them-
selves to our notice, and fit together an outline plan of the more
general and universal features in their activity. Our well-founded

i)eliefin the rationality of natural processes asserts the possi-

bility of this, while admitting that the intimate details of atomic
constitution are beyond our scrutiny and provide plenty of room
for processes that transcend finite dynamical correlation.

NOTES.
M. Faye has been elected a Foreign Member of the Reale

Accademia dei Lincei of Rome.

Dr. Oustalet has been appointed professor of zoology in

the Paris Natural History Museum, in succession to the late

Prof. Milne-Edwards.

We regret to see the announcement of the death of Mr.

Henry Sidgwick, late professor of moral philosophy at

Cambridge.

Sir John B. Lawes, Bart., F.R.S., whose agricultural

experiments at Rothamsted are of world-wide renown, died on

Friday last, at eighty-six years of age.

The announcement in Science that Prof. J. E. Keeler. director

of the Lick Observatory, and the author of many important papers

on astrophysics, died in San Francisco on August 12, from the

effects of heart disease, will be received by astronomers with

much regret. Prof. Keeler was only forty-three years of age.

It has been officially notified that a death which occurred

in hospital at Glasgow on Monday in last week was due to true

bubonic plague. The presence of the disease is suspected in

several cases of illness under treatment.

The Committee on Water-tube Boilers in the Navy has now
been completed by the selection of Dr. John Inglis, lately
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president of the Institution of Engineers and Shipbuilders in

Scotland, and vice-president of the Institution of Naval
Architects.

The Melbourne correspondent of the Times states that, ir>

compliance with a request of the Royal Geographical Society

and other British scientific bodies. Prof. Baldwin Spencer has

received leave of absence from the Melbourne University for

one year, to enable him to study the customs and beliefs of the

natives of the northern portion of South Australia.

The Berlin Academy of Sciences has made the following

grants, in addition to those already announced (p. 394) -. Dr.

Holtermann, Berlin, for a botanical expedition to Ceylon, 4000
marks ; Prof. Ludolf Krehl, Greifswald, for experiments on
respiration, 1500 marks; Prof. Julius Tafel, Wlkzburg, for the

continuation of his work on electrolysis, 100 marks; Dr. Benno
Wandolleck, Dresden, for the investigation of the morphology
of diptera, 800 marks.

The names of one hundred eminent Americans no longer

living are to be engraved in the Hall of Fame of the New York
University. Science states that the following names of men of

science have been proposed : John Adams Audubon, Spencer
F. Baird, Alexander D. Bache, Nathaniel Bowditch, William
Chauvenet, Henry Draper, James P. Espy, Asa Gray, Robert

Hare, Joseph Henry, Edward Hitchcock, Isaac Lea, Matthew
Fontaine Maury, Marie Mitchell, Benjamin Peirce, David
Rittenhouse, Benjam.in Silliman, Benjamin Thompson, John
Torrey.

The Marconi Wireless Telegraph Company have contracted

to supply the Admiralty with Marconi apparatus for thirty-two

ships and stations. The test of efficiency which has to be
satisfied is that the instruments shall enable communication to

be carried on between a fitted ship in Portsmouth Harbour and
a fitted ship at Portland, a distance of about sixty-five miles,

with a good deal of land between, including the Dorsetshire

Hills, making it about ninety miles by sea. A trial set of the

apparatus successfully fulfilled the conditions a few days ago.

The death is announced of Dr. W. H. Lowe, formerly

president of the Royal College of Physicians of Edinburgh.

Dr. Lowe held several important positions in Edinburgh, among
others those of president of the Royal Medical Society, and
vice-president, subsequently president, of the Royal B:)tanic

Society. He was elected a Fellow of the Royal College of

Physicians of Edinburgh in 1846, and president of that college

in 1873. At t^he meeting of the British Medical Association ir>

Edinburgh in 1875 he presided over the section of psychology,

and delivered the address before that section.

The eleventh annual general meeting of the members of the

Institution of Mining Engineers will be held at Bristol on Tues-

day, September 18. Among the papers to be read, or taken as

read, are the following :—The geological features of the Somerset

and Bristol coal-field, with special reference to the physical

geology of the Somersetshire Basin, by Mr. James McMurtrie ;

methods of working the thin coal-seams of the Bristol and

Somerset coal-field, by Mr. George E. J. McMurtrie ; the

analogy between the gold "cintas" of Columbia and the auri-

ferous gravels of California, by Mr. Edward Gledhill ; the

theory of the equivalent orifice treated graphically, by Mr.

H. W. Halbaum ; development and working of minerals in the

Leon district, Spain, by Mr. J. A. Jones ; and the geological

age of the gold-deposits of Victoria, Australia, by Mr. Tames.

Stirling.

The programme of the meeting of the Iron and Steel

Institute, to be held in Paris on September 18-21, under the

presidency of Sir William Roberts-Austen, has iust been issued.
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The following are subjects of papers to be brought before the

meeting :—The development of the iron and steel industries in

France since 1889, by H. Pinget ; iron and steel from the point

of view of the " phase-doctrine," by Prof. Bakhuis-Roozeboom ;

iron and steel at the Paris Exhibition, by Prof. H. Bauerman ;

American methods of testing iron and steel, by Mr. Albert

Ladd Colby ; rolling-mills, by Mr. Louis Katona ; the constitu-

tion of slags, by Baron H. von Jiiptner ; a new method of

producing high temperatures, by Mr. Ernest F. Lange ; the

action of aluminium on the carbon of cast iron, by Messrs.

Godfrey Meliand and H. W. Waldron ; the present position of

the solution theory of carburised iron, by Dr. A. Stansiield ;

iron and phosphorus, with appendixes on (i) eutectics, (2)

solid solutions, (3) method of determining free phosphide of

iron in iron and steel, and (4) heat-tinting metal sections for

microscopic examination, by Mr. J. E. Stead.

We learn from the F«rres, Elgin and Nairn Gazette of

August 29 that a serious flood, due to the bursting of the

Sanquhar reservoir on the morning of August 23, wrought great

havoc over the western part of Forres. Since the great Moray
floods of 1829, described by Sir Thomas Dick Lauder, the

•district has not suffered such a disaster. In that year the

Findhorn was the main cause of' flooding ; in the present case

injury was done by the breaking down of the embankment
which dammed «p the waters in a valley on the Sanquhar

estate to the east of the Findhorn and a little south of Forres.

The dam formed a reservoir of from eight to twelve acres.

On Wednesday morning, August 22, the area was only partially

covered with water, from eight to ten feet below the level of

the overflow. Within twelve hours an inch and a half of rain

fell. The reservoir filled rapidly, and by 3 a.m. on Thursday

the water was rushing down the overflow, which was only

thirty feet wide. Shortly before 5 a.m. the immense breastwork

burst outwards from top to bottom in one mass, about twenty

feet wide, close to the overflow, and the waters rushed wildly

out. Near by an iron bridge with a concrete pier, 30 feet

broad and 4 feet thick, were carried away, an ash tree was

uprooted, and the waters spread rapidly over the low grounds

in a wave that gathered to a height of three or four feet.

Sheaves of barley and oats were carried off, wooden outhouses

were torn away, stone walls, iron railings, gates and glasshouses

were broken down, doors were driven in and a number of

villas and cottages were submerged for some time to a depth of

from three to five feet. Fortunately no lives were lost.

With reference to the inquiry as to the functions of the pro-

truding filaments of the caterpillar of the Puss Moth (p. 385),

we have received communications from several correspondents,

who all agree with Mr. W. F. Kirby (p. 413) in regarding the

appendages as chiefly intended for driving away Ichneumon
Flies.

A NOTE in the ElectriciaH refers to a curious effect produced

by severe thunderstorms upon the glow lamps on the circuits of

the Calcutta Electric Supply Co. It appears that immediately

following each lightning flash the brightness of the glowing

iamps has been observed to increase suddenly, gradually return-

ing to the normal incandescence. This phenomenon has so

frequently been observed that the engineers of the company
have sought every possible explanation of the curious pheno-

menon, but have been unable to find any defect in their

circuits—which are on the overhead wire system—that might
offer an explanation. Indeed, the only conceivable explana-

tion is one which appeais so extraordinary that many may find

considerable difficulty in accepting it. It is well known that

carbon, acting as a coherer in a wireless telegraph apparatus,

undergoes the usual sudden decrease in resistance when subjected

to electric radiation. It is suggested that the carbon filaments
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of a glowing lamp may undergo a similar change when exposed

to the influence of a tropical thunderstorm in its immediate

vicinity. This sudden decrease in the resistance of the filament

would, of course, produce a correspondingly rapid increase in

its candle-power, after which the gradual self-decoherence of

the carbon would account for the return of the lamp to its

normal incandescence.

We have received an interesting account of the climate of

Norway, by Mr. A. S. Steen, being a reprint from the Official

Publication for the Paris Exhibition, 1900. As that country

stretches through more than 13 degrees of latitude and extends

nearly 300 miles beyond the Arctic Circle, the most varied

shades of continental and maritime climates are represented

within its confines. Mr. Steen has divided the country into

south-east, west and north sections, this being in fact in ac-

cordance with nature's own division. In the inland districts of

south-east Norway and Finmark we have examples of the most

typical inland climate, viz. severe winter and relatively high

temperature maxima in summer, and small rainfall ; while along

the whole length of coast-line the winter is unusually mild, the

summer cool, and rain falls in abundance. The influence of

the Gulf Stream can be traced all over the country, and it is one

of the chief agencies to which Norway owes its condition as a

civilised inhabited State to its farthest bounds on the shores of

the Polar Sea. The following are quoted as some of the

highest summer temperatures : in the south-east 86" and

upwards, and 93" at Christiania (once only) ; on the south

coast no higher temperature than 80°
'5 has ever been recorded.

In the west, temperatures of 88^*5, and once 93° at Vossevangen,

have been recorded. In the northern section temperatures of

85° to 88" have been recorded, but in the most southern of the

Lofoten Isles (in the middle of the ocean) the thermometer has

never risen above 68^.

A paper, by Mr. A. E. Sunderland, on applications of

electrochemistry in dye and print works, is published in the

Society of Arts Journal (August 24). Tlie requirements which

should be fulfilled by a machine for electrical dyeing are con-

sidered to be as follows :—(i) The poles must not be of metal,

but of carbon or biscuit porcelain, which conduct by becoming

saturated with the electrolyte. (2) They must be as near to one

another as possible. (3) The cloth must pass between the

!

poles in the open width. (4) The poles may be perfectly

smooth, and preferably cylindrical, revolving freely. These

particulars are necessary, because in the ordinary passage of

the electric current across any dye solution, the tendency of

the dye is to concentrate itself around the negitive pole, and

not to circulate freely in the whcle dye vessel ; there is thus

always a great danger of unevenness. In the finishing of goods

the peculiar eft'ect which is produced by calendering a piece

in two different directions, one impression upon another, is

well known. This is technically termed water-marking or

moire, and is due to the irregular reflection from the surface

of the material, one part of the light being totally reflected,

and the other part dispersed. The effect can be introduced

in several ways, one of which depends upon electricity. This

process, Mr. Sunderland remarks, resolves itself practically

into the local application of electrolysis. A platinum plate of

suitable size is connected with the positive pole of the source

of current. On this conducting surface is placed some ab-

sorbent material saturated with a solution of common salt.

On this pad is placed the fabric to be water-marked, and the

plate engraved with the water-mark connected with the nega-

tive terminal is pressed down upon it. The salt solution is

decomposed, and a facsimile of the water-mark is printed on

the cloth. To produce opaque designs, the absorbent material

is saturated with a solution of barium chloride, which is

decomposed on passing the current.
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In the Atti dei Lincei, ix, 2, Dr. A. Campetti describes ex-

periments made with common salt and copper sulphate tending

to prove that there exists a difference of potential between a

solid salt and its unsaturated solution, this difference of potential

being of the same order of magnitude and sign as the difference

of potential between a more concentrated and a less concentrated

solution of the same salt.

The question as to whether evaporation from the surface of

an electrified liquid produces a loss of electricity is one of con-

siderable interest in connection with theories of atmospheric

electricity. An investigation of this point is given by Signori

A. Pochettino and A Sella in the Atti dei Lincei, ix. i. The
method employed was to examine the rate at which an electrified

plate lost its charge under the varying conditions when its

surface was dry or was covered with a layer of water, and

when it was exposed to a current of dry air or air saturated with

watery vapour. The results tabulated show that the loss is more
rapid in dry air than in saturated air, that with saturated air the

presence or absence of the layer of water makes no practical

difference, but that with dry air the discharge is actually slightly

less rapid when the plate is wet than when it is dry. It is

inferred that evaporation does not produce loss of charge, that

the difference between dry air and saturated air is due to the

fact that the dry air was ionised, while all trace of ionisation had

been removed from the saturated air, and that the greater insula-

tion obtained with dry airby wetting the plate was due to the ionisa-

tion being partially removed by the evaporation from the plate.

In a paper published in the Proceedings of the Cambridge
Philosophical Society, Mr. Barrett- Hamilton suggests that the

(pathological) changes of colour and form which occur in certain

Salmonoids during the breeding season may afford a clue to the

origin of secondary sexual characters in animals in general.

" Once," writes the author, " the existence of such a primitive

state of things characterised by growth or discoloration of the

whole or part of the body is admitted, we have therein the

starting-point whence natural selection by alteration, suppres-

sion or accentuation of the details might easily produce many or

all the nuptial changes of animals as we now see them, evolving

in each a structure suitable to its own particular need, whether

in eye, as in the Eel, in snout, as in the Salmon, or in hind-limb,

as in Lepidosiren.

Indian Musemn Notes (vol. v. No. i) contains an interesting

paper, by Mr. E. E. Green, on Indian Scale-insects (Coccidae),

showing the great increase which has recently taken place in

our knowledge of their various groups. So late as i886 only

seven Indian representatives of the family were recorded, the

well-known Wax-insect {Ceroplastes ceriferus) being one. Now
thirty-seven species, distributed among fourteen genera, are

known from Continental India, although this represents only a

very small proportion of the real number. Not only are these

insects interesting from their structure and their beauty of form

and colour, but some are of commercial importance. The
remainder of the number treats of various insect pests, notably

those infesting tea and coffee plants, and those destructive to

cereals and crops.

The distribution of the Ruff in Ireland forms the subject of

an interesting paper, by Mr. C. L. Patten, in the Irish Naturalist

for August.

The July number of the Agricultural Gazette of New South

Wales maintains the usual high and useful character of this

journal, an article on the important part played by bacteria in

soil being of especial interest to the scientific agriculturist.

From the Indian Museum we have received " Illustrations

of the Shallow-Water Ophiuroidea collected by the Investigator,^''

by Dr. R. Koehler, published by the trustees. The specimens

described are figured in eight plates.
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To the last issue of the Journal of the Asiatic Society of
Bengal for 1899, Mr. F. Finn contributes a paper on Indian
Weaver Finches (Ploceidae), in the course of which he shows
how a supposed new species has been named on a specimen of
a well-known bird in its summer plumage.

Malacologists will find much to interest them in the sheets
of the Proceedings of the Philadelphia Academy last to hand,
Mr. H. A. Pilsbry communicating four papers .'dealing respec-
tively with the land snails of Japan, South America, Australia
and Polynesia, and India.

Science Gossip for September contains an interesting article,

by Mr. R. J. Hughes, on the colouring of shells, in which he
demonstrates that the most common pigment among those of
northern Europe is the sesquioxide of iron. Another paper in

the same number forms the continuation of " Geological Notes
in the Orange River Colony," by Major Skinner, R.A.M.G.

In the July number of the American Naturalist, Prof. H. L.
Osborn describes a remarkable Axolotl from Dakota, which
appears different from any named form, and niay indicate a new
type. In the course of his pxper the author raises the question

whether we yet know the adult of the true Mexican Axolotl,

the specimens that have developed into Salamanders being from
the United States and perhaps specifically distinct.

We have received three fascicules of the "Results of the

Branner-Agassiz Expedition to Brazil," in course of publication

in the Proceedings of the Washington Academy. Two of these,

written by ladies, are devoted to Crustacea, while the third, by
Mr. C. H. Gilbert, deals with the fishes. When ladies appear as

authors of papers, it is much to be desired that they should prefix

"Mrs." or "Miss" to their names, as it is otherwise often

difficult to ascertain their proper titles.

Mention in these columns has already been made of Mr.
G. S. Miller's work on Old World mammals, and we have now
received a paper, communicated by that naturalist to the

Proceedings of the Washington Academy of Sciences (vol. ii.

pp. 203-246), in which he describes a very large number of new
species, mainly Rodents, collected by Dr. W. L. Abbott on
islands in the North China Sea. Many of these are rats and
mice.

The publication of Prof. E. Morselli's free course of lectures

on man from an evolutionary point of view is still proceeding,

and the fascicules when bound together will form an interesting

volume on physical anthropology, or, as the author terms it,

Antropologia gdn^rak. The last number to hand (No. 45)
concludes the section on the brain, and commences an account

of the progenitors of man.

There is always something of interest in our well illustrated

contemporary. The Reliquary and Illustrated Archaeologist. The

July number contains some architectural notes from Monmouth-
shire, by Mr. J. Russell Larkby, illustrated by numerous

sketches, and a short paper, by Mr. R. E. Head, on lace bobbins ;

these are often decorated in various ways, and different parts of

the country furnish local types.

Those who are interested in criminal anthropology will find

in a recent number of the Bulletin de la Society dAnthropologie

de Paris (Tome x. 4«= serie, p. 453) a psycho-physiological,

medico-legal, and anatomical study of an atrocious criminal

named Vacher, by MM. J.-V. Laborde, Manouvrier, Papillaut

and Gelle. It is strange that studies of this kind are never made

in this country. It is quite time that physical anthropology and

psychology were more directly recognised by persons interested

in criminology.

Sir Archibald Geikie's " Outlines of Field Geology '

(Macmillan) has been the counsellor and friend of many young

geologists and intelligent observers of the earth's features. A
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new edition—containing numerous alterations and additions,

while retaining the original form—has just been published, and

it should be possessed by every lover of country rambles or

teacher of earth-knowledge.

A BULKY volume, containing "Agricultural Statistics of

British India for the years 1894-95 to 1898-99," has just been

distributed by the Department of Revenue and Agriculture of

the Government of India. The tables show (i) total average,

classification of areas, irrigation, fallow land, area under crops,

and stock ; (2) prices of produce ; (3) incidence of the land

revenue on area and population ; (4) varieties of tenure held

direct from Government ; (5) register of transfers of landed pro-

perty ; and (6) yields of principal crops.

The additions to the Zoological Society's Gardens during the

past week include a Green Monkey {Cercopithectis callitrichtis, <J )

from West Africa, presented by Mr. C. A. Gilbert ; two Bosch-

boks [Trage/aphus sylvaiicus) from South Africa, presented by

Dr. A. MacCarthy Morrough ; a Rufous-necked Wallaby

{Macropus rttficollis) from New South Wales, presented by Miss

Seymour ; a Germain's Peacock Pheasant {Polypkctron ger-

maini) from Cochin China, presented by Mr. Arthur Yates ; a

Common Boa {Boa constrictor) from South America, presented

by Mr. G. R. Fairbanks ; two Red-bellied Squirrels (Sciurus

variegatus) from South America, a Yellow- fronted Amazon
(Chrysotis ochrocephala) from Guiana, ten Roofed Terrapins

{Kcuhuga tecttiin) from India, deposited ; a Wapiti Deer (Cervtts

canadensis), two Collared Fruit Bats (Cynonycteris collaris),

born in the Gardens ; two White Ibises [Endocitiius albus), bred

in the Gardens.

OUR ASTRONOMICAL COLUMN.
Ephemeris for Observations of Eros.—In the last issue

of the Astronomische Nachrichten (Bd. 153, No. 3660), Signor

E. Millosevich gives a revised ephemeris of this asteroid for the

next few weeks :

—

Ephemeris for I ih. Berlin Mean Time.

R.A. Decl.

Sept. 2 27 24-16 ... -t-35 29 537
28 28-18 ... 35 52 13-0

29 30-73 ... 36 14 36-1

30 31-77 ... 36 37 2-8

31 31-22 ... 36 59 33-0

32 2903 ... 37 22 6 8

33 25-13 ••• 37 44 43'9
2 34 19-43 •• +38 7 24-2

Comet Swift (1894 lY).— Mr. F. H. Scares has calculated

the osculaiing elements, and from them computed a finding

ephemeris for this comet, which may possibly have some con-

nection with the lost comet of De Vico. As it is important, how-
ever, that the comet should again be observed before any further

attempt is made to establish such connection, he hopes that all

possessing the necessary optical power will prosecute the search

for it {Aslronomische Nachrichten, Bd. 153, No. 3656).

Osculating Elements.

Epoch and Osculation 1900 July 23 o Berlin Mean Time.

M = 3i7 16 15-0

•K -348 56 56-0'!

J^ = 24 50 38-8 -1900-0

i= 3 35 17 oj

.J)
= 31 2 30-2

M=5.';4"-3823

Ephemeris for Berlin Mean Midnight.
150C. R.A. Decl.

9 ... 16 27 21 ... -2°5 21 9
13 ... 32 57 ... 25 305
17 ... 38 55 ... 25 391
21 ... 45 15 • 25 47-5

25 .. 51 56 ... 25 55-6

29 ... 16 58 57 ... -26 3-1
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The New SfECTROc.RAi'Hs for the Potsdam Great
Refractor.—In the Astrophysical Journal, vol, xi. pp. 393-
399, Prof. H. C. Vogel describes the two new spectrographs
which have recently been completed for the great Potsdam
refractor of 80 cm. aperture.

(a) Three-prism spectrograph.—This is designed so that the

combined deviations of the three prisms shall be nearly 180°,

thus bringing the collimator and camera almost parallel. These
are then mounted on a massive steel plate 78 cm. long, 41 cm.
broad, and 7 mm. thick, which in its turn is firmly attached to

the tail-piece of the telescope by an elliptical base plate 10 mm.
thick, lateral flexure being guarded against by several inter-

mediate metal ribs. The slit has only one movable jaw, and
the whole can be rotated round the telescope axis, and the posi-

tion angle recorded to i' of arc. For comparison spectra the arc

light has been found most convenient, the difficulty of spectral

displacement of comparison lines due to imperfect adjustment
of source having been overcome by interposing a translucent

diffusing screen between the light and slit. The collimator

lens (Steinheil)has an aperture of 3 2 cm. ; focal length, 48 cm.
One of the camera objectives is a Zeiss anastigmat of 56 cm.
focus ; the other a triple cemented lens by Steinheil of 4'i cm.
aperture ; focus, 41 cm. The prisms are of very white Jena
glass, and with the Zeiss camera lens a spectrum of uniform

focus from b to K is obtained. Delicate arrangements have been
made for .securing constant temperature conditions, &c. The
weight of the complete spectrograph is 31 kilog.

{b) Single-prism spectrogragh:—In this instrument the colli-

mator lens is 3-5 cm. aperture, focus 53 cm. ; the camera lens,

4 cm. aperture, locus 72 cm., both being triple cemented objec-

tives by Steinheil. The prism is by Zeiss, and has a refracting

angle of 60°, with faces 61 mm. long and 45 mm. high. The
spectrum is uniformly sharp from D to N. The whole instru-

ment weighs 20 kilograms.

Prof. Vogel gives the results of the application of tests insti-

tuted by Prof. W. W. Campbell for the Mills' spectrograph of

the Lick Observatory, showing that the performance of both

instruments is very trustworthy. Three plates are given showing
the instruments in position as attached to the telescope.

Structure and Constitution of Two New Meteor-
ites.—Messrs. G. P. Merrill and H. N. Stokes recently

communicated a paper to the Washington Academy of Sciences

{Proceedings, vol. ii. pp. 41-68, July 1900), describing the

results of their examination of two fragments of newly-fallen

meteorites. One, a stony meteorite, fell on July 10, 1899, in

Allegan, Michigan, U.S.A., the largest fragment weighing

62.^ lbs. To the unaided eye this stone shows on the broken

surfaQp a quite even granular structure of grey colour, and, on
closer examination, numerous beautifully spherulitic chondrules,

averaging not more than one or two millimetres in diameter.

In some cases these chondrules have pitted surfaces. More
critical inspection indicates that they are composed of enstatite

and olivine. Numerous brilliant metallic points of a silver-white

colour indicate the presence of disseminated iron, so that the

stone may be said to be made up of the chondrules, iron and dark

grey silicate minerals, imbedded in a light ashy grey matrix.

This Allegan stone is exceedingly friable. Microscopically, the

ground mass of the stone is seen to be made up of a confused

agglomerate of olivine and enstatite particles with interspersed

metallic iron, iron sulphide and chromic iron. An important

feature is that in no cases do the silicates occur with perfect

crystallographic outlines, both olivine and enstatite being frag-

mental. The presence of alumina and alkalis suggested a

search for felspar, but it was decided that this mineral was not

present. A considerable proportion of the ground mass was
lound microscopically to be composed of a black glassy material.

Careful chemical analysis showed that 77 per cent, of the

meteorite was of non-metallic origin, the remainder being chiefly

iron and nickel. The second meteorite examined is known as

the Mart Iron, having been found early in 1898 near Mart, in

Texas, This originally weighed 153 lbs., from which a slice

weighing 456 grams was presented to the National Museum at

Washington. The etched surface shows the iron to belong to

the octahedral variety, and is of moderately coarse crystallisation.

Chemical analysis showed that 98-3 percent, of the meteorite was

composed of the metals iron, nickel, copper, cobalt, the remainder

being made up of schreibersite and a small quantity of troilite.

Photographs of both meteorites in their present condition are

given, and numerous drawings indicating the microscopical

structure.
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LA TITUDE- VARIA TION, EARTH-
MAGNETISM AND SOLAR ACTIVITY.

TN the Astronoinische Nachrichten (No. 3619) I have published
-' the results of an investigation dealing with the effects of

periodic changes in solar activity on the motion of our planet.

It is there shown that these changes, as indicated by the fre-

quency of sun-spots, exert a subtle bui pregnant influence on
the secular variations of the earth's elements ; and, moreover,

that disturbances precisely similar to those which appear in

the observations of the obliquity and of the sun's longitude are

distinctly exhibited in the variation of terrestrial latitude.

In the further pursuit of these researches I have been led to

Fig. I.
(Fnm 'Ast Nacfi" 3649

)

A, frequency of aurorse (Loomis) ; bi, frequency of magnetic disturbances at Greenwich (Ellis);
B2, frequency of magnetic disturbances at Greenwich (Airy) ; c, frequency of aurorse (Europe
south of Arctic Circle) from 1812-1871 (Fritz), and in Scotland from 1865-1899. The "great"
period has been eliminated m both curves in order to exhibit more clearly the eleven-years'
fluctuations, i, semi-amplitudes of latitude-variation (Chandler, Nyr^n and Albrecht) ; 2, resi-
duals of obliquity (Fig. c in A.N. 3619) ; 3, Greenwich corrections to the R.A. of stars derived
from observations of the sun (Thackeray).

magnetic strain in iron rods, it seems reasonable to believe that
something similar to the' molecular displacement in the rod may
take place in a magnetic body like our earth with respect to its

magnetic axis. As has long been known, this axis is by nt>
means coincident with the earth's axis of figure, but is inclined
to it, according to Gauss, at an angle of about 12°. It is there-
fore not unnatural to conclude that a molecular strain in the
direction of the magnetic axis will occasion an asymmetric
change of the earth's figure, and will thereby produce a displace-
ment of the axis of figure relative to the instantaneous axis of
rotation. Such a displacement could remain constant only so-

long as the total magnetic potential of the earth was not subject
to alteration, in which case the pole of rotation would describe

a circle of constant radius round the pole

4< tin/)':
of figure as centre. But, as already stated,

various facts compel us to believe that the
magnetic potential of the earth does alter,

and, indeed, changes synchronously with
the state of solar activity—the most strik-

ing instance being the regular increase of
auror?e and of magnetic disturbances with
the increasing frequency of sun-spots.

Now, if we consider aurorae as discharges-

of the earth's electric force, it follows that

the strain in the direction of the magnetic
axis should abate after an auroral display,,

and the pole of figure should therefore

approach the pole of instantaneous rotation..

The outcome of this hypothesis would be
that changes in the state of solar activity,,

since they produce a measurable effect on-

the terrestrial magnetic forces, should also

be accompanied by corresponding changes
in the motion of the earth's axis. In A.N",

3649 I have endeavoured to test this

theory by such facts as have up to the pre-

sent been discovered regarding the com-
plex phenomenon of latitude-variation,

and I .shall here briefly describe the results-

there obtained.

In the first place, from the material

afforded by the investigations of Loomis-
and Fritz, and from observations made in

Scotland during the past thirty years, I

constructed curves exhibiting the frequency
of auroral displays from 1S12 to 18991
(Fig. I, curves A and c.)' In these the

nfluence of the eleven-years solar period

is most conspicuous, but there is also ex-

hibited an intimate connection with the

"great" cycle of sun-spots. In contrast

with the spot-curve, minima of aurorre are

found to be of unequal heights. Accord-
ingly, if a second curve ss's" be drawn
through the aurora-curve A in such a way
as to bisect as nearly as possible every

wave appearing in it, this new curve will'

be seen to attain its maxima and minima
simultaneously with the "great" spot

period. It is therefore beyond dispute,

as already proved by Wolf and Fritz, that

the existence of this "great" period of
solar activity is an established fact, and
that it is clearly brought out by the curve

of aurorge.

In the next place, curves were formed to-

show the variations in the frequency of

terrestrial magnetic disturbances. For this

conclude that the anomalies existing in the observations of the I purpose I took the annual number of days on which such dis

sun's right-ascensions and declinations are to be attributed

exclusively to changes in the position of the earth's axis of
rotation with regard to the axis of maximum moment of inertia,

and that these changes in their turn are intimately connected
with the varying display of forces on the solar surface. In a
subsequent article which appeared in Nature (No. 1584,
March 8) I made a suggestion as to the nature of this connection,
and advanced the hypothesis that the magnetism of the earth is

probably the medium through which the changes of solar energy
react upon the motion of the earth's pole.

In view of the results of Joule's experiments regarding
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lurbances were observed at Greenwich, as recorded by Mr. Ellis-

in Monthly Notices 60, December 18991 (Fig. i, curve Bj.

)

Mr. Ellis subdivides his records according to the intensity of

the disturbance, but only three of his subdivisions were taken into-

account ; those, namely, showing the frequency of moderate,

active, and great disturbances respectively. For the satisfactory

combination of these different sets, the principle was adopted'

that the weight assigned to each set should be inversely pro-

portional to the mean frequency—unit weight being given to-

the "active" disturbances—on the ground that the small fre-

quency of "great" disturbances is probably compensated for byr
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liicir much more energetic character. In order to extend the
record as far back as possible, a similar curve (Fig. i, B.^) was
constructed, based on Airy's statistics from 1841-1857 {Trans.
Roy. Soc. , vol. cliii.).

These magnetic curves are in perfect harmony with those of
the auront, and both sets bring out a remarkable and, for our
purpose, eminently important fact, namely, that although for the
most part they correspond closely with the eleven-years spot
period, there nevertheless appear waves which at first sight seem
to have nothing to do with the display of solar activity. Most
noticeable in this respect are the maxima of 1852 and 1864, of

which the former especially seems almost to contradict the
existence of a connection between sun-spots and aurorte. A
closer examination of the spot-curves, how-
ever, reveals the fact that in these two
instances there occurred, at exactly the
same times, peculiar disturbances or irre-

gularities in the exhibition of spots on the
solar surface, so that, after all, the waves
exhibited at these points in the magnetic
and auroral curves may be supposed to

have been caused by solar influence, although
they appear for some reason or other on a
greatly exaggerated scale. This is decidedly
the opinion of Prof. Fritz and of Mr. Ellis,

both of whom expressly mention instances
of this character, the latest having occurred
in 1898 following the spot-maximum of

1894.
The succeeding part of this research may

be conveniently divided into two parts.

In the first, the earth-magnetic variations

are compared and contrasted, in relation to

the eleven-years period of sun-spots, with
certain phenomena associated more or less

directly with latitude-variation ; and in the
second with similar phenomena relative to

the "great" sun-spot and aurora period.

These phenomena are :

—

I. With regard to the eleven-years
period

—

i. The semi-amplitudes of latitude-va ri-

al ion.

ii. The periods of latitude-variation.

iii. The changes in the values of the
obliquity as observed at Greenwich from
18 1 2- 1 896.

iv. Mr. Thackeray's corrections to the
right-ascensions of stars derived from ob-
servations of the sun during the years
I 836- I 895.

II. With regard to the '* great " period

—

v. Dr. Chandler's long period inequality
in the latitude-variation.

vi. The observed residuals of the obli-

quity from 1 753-1896 as compared with
Leverrier's tabular values.

vii. The Greenwich corrections to the
sun's right-ascensions relative to a funda-
mental system of fixed stars, according to
Prof. Newcomb.
The data requisite for the formation of

the curve of semiamplitudes (Fig. i, curve
I ) was taken from Dr. Chandler's paper in

A.J. No. 277, and from the publications of
Dr. Nyren {A.N. 3166), Mr. Wanach
' l.N. 3ll2)andProf. Albrecht ("Berichte
her den Stand der Erforschung der Breitenvariation "). It has
I be borne in mind, as pointed out in my previous papers,
iiat the latitude phenomenon lags behind the comparison
magnetic curves by about 1-5 years. Such a lag appears
mdeed to be a characteristic feature common to most terres-
trial phenomena which have hitherto been found to be in-
fluenced by solar activity. In this connection I must refer to
the highly important and interesting discovery made by Sir
Norman Lockyer some years ago, that the curve representing
the frequency of the "unknown" lines widened in sun-spot
spectra during a cycle of solar activity follows the spot-curve
l)y exactly the same interval, viz. 1-5 years. I have received a
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communication from Sir Norman, stating that this curve of
" unknown " lines goes excellently with my curve I of Fig. i.

the maxima and minima of the spectroscopic curves showing a

perfect synchronism with those of the curve of latitude-variation.

I take this opportunity of expressing my indebtedness to Sir

Norman Lockyer for drawing my attention to this most signifi-

cant and singular fact.

The lag in the case of curve I has been allowed for by
shifting this curve one and a half years in the backward direction.

When it has thus been made to coincide with the comparison
curves, their correspondence becomes most striking—a remark-
able feature being the exactness with which certain secondary
maxima in 1865, 1887 :ind 1S98 are represented in each case.

FLg.n.
(From -Ast-HoLch:)
'

3e*9.
'

turning points of Dr. Chandler's long period ii

aurorae (Loomis). (The ordinates represent
numhers.) B, great period of sun-spots (WolO

quality of latitude-variation ;

means of Loor
eriod if

aurora-
twelve-years' means of residuals of obliquity

(Greenwich observations) after elimination of purely secular change ; 2, twelve-years' means of

corrections to the sun's R
elimination of purely
curve representing W(

\. relative to a system of fixed stars (Greenwich observations) after

secular change
; 3, combined curve of obliquity and sun's R.A., the dotted

olfs great period of sun-spots on a somewhat different scale

Indeed, so accurately are the motions of the amplitude-curve

shadowed in those of the magnetic variations, that to any un-

prejudiced astronomer this tact in itself must indicate with

sufficient force the existence of a vera causa.

The periods of latitude-variation afford a new and almost as

certain proof of the existence of an intimate connection between

the polar motion and earth-magnetic phenomena.

Dr. Chandler has already shown that a small amplitude

corresponds to a great period and vice versA {A.J. 277, p. 98).

How well this influence is borne out may be seen from the

following analysis of the average values of r according to the

lengths of the period :

—

6.]
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Period in days. Observed Computed

Under 390 ... 020 ... 020
390-420 ... 018 ... o"i9

420-450 ... 015 ... 0-13

Over 450 ... O'lo .. 008

This statement in itself constitutes a proof of my assertion,

and renders it unnecessary for me to add anything further on
this point. Any one who cares to plot down the values for the

periods given by Dr. Chandler must arrive at the conclusion

that the comparison of the curve so obtained, with the magnetic

and auroral curves, gives indeed a convincing argument in

favour of the earth-magnetic hypothesis.

I have next to consider the changes in the values of the obliquity

as observed at Greenwich due to the eleven-years period of solar

activity.

In my paper, A.N. 3619, I have discussed fully the reduction

of these values to a uniform and homogeneous system, as well as

the elimination from them of the secular variation and the

influence of the "great" sun-spot and aurora period. The
resulting curve (Fig. i, curve 2) exhibits the utmost conformity

with those of the earth-magnetic and latitude phenomena.
This fact is of the highest significance, inasmuch as it affords

added testimony to the accuracy of the data on which my
research is founded. The curves communicated show that at

times, when the amplitude of latitude-variation reaches maximum
values (i^ years after minimum displays of magnetic dis-

turbance), the Greenwich obliquity attains small values ; while

at times, when the amplitude is at a minimum (i| years after

maximum displays of magnetic disturbance), the obliquity appears

to be excessively great. This leads at once to the conclusion

that whenever the amplitude is great, the minimum latitude for

the Greenwich meridian must occur near the time of the winter

solstice, and that when the amplitude is small just the reverse

•ought to take place. Now Dr. Chandler's statistics in A.J. 277
afford ample means of testing this conclusion. In point of fact

they show that at times of maximum amplitude the epochs of

minimum latitude for the Greenwich meridian have always
occurred on some date between the beginning of November and
the end of February, while at times of amplitude-minima these

epochs, with the exception of the first in 1840, are comprised
within the interval from May to August. The mean date in the

former case is January 10, and in the latter July 16; and the

mean deviation of a single epoch from these two dates is not

> more than about + 40 days.

I consider that, in spite of the great uncertainty which
> naturally attaches to researches of so delicate a character, the

evidence afforded by these results is to be taken as a proof

that the residuals in the obliquity, far from being accidental,

. are really caused by latitude-variation. Thus, owing to the

great extension of the series of Greenwich solar observations,

these residuals form an excellent test of my assertion that the

motion of the pole depends on 'the intensity of the earth-

magnetic forces.

As regards the corrections to the right-ascensions of the

stars derived from Greenv/ich observations of the sun, I need
-.only state that after subtracting the secular variation found by
Mr. Thackeray {M.N. June 1896), the resulting values give

curve 3 of Fig. i, which, in spite of somewhat large accidental

discrepancies, is in general agreement with all the others,

especially with that of the obliquity.

Having thus shown that my contention with regard to a con-

nection between the eleven-years period of auroral displays

and magnetic disturbances and the motion of the earth's pole

of rotation appears to be borne out by all the facts which con-

stitute the sum of our present knowledge of the peculiar pheno-
mena relating to latitude-variation, I next consider the "great"
period of aurorae, which, as already stated, is synchronous with

the great period of solar activity.

For this purpose I exhibit in Fig. 2 curves showing the great

aurora-period according to Loomis' annual numbers, and the

great spot-period in Wolf's relative numbers.
The interval comprised by this great period is according to

Wolf equal to six small cycles, i.e. sixty-six years. Now this

lis exactly the period of Dr. Chandler's long inequality of latitude-

variation. The smallest amplitudes and greatest periods of

liatitude-variation, according to Chandler's formula, fell in 1782
and 1848, almost exactly at the times of greatest auroral

displays ; whereas the greatest amplitudes and smallest periods
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occurred in 1815 and 1881, i.e. just at the times when the
display of aurorse reached a minimum.

But in addition to this there are other facts which point to an
influence on the earth's motion exercised by some force varying
with the great period of solar activity. In my previous papers
I have discussed at some length the evidence afforded by the
curves representing the observed residuals of the obliquity, and
Prof. Newcomb's corrections to the right-ascension of the sun
relative to a fundamental system of fixed stars. I therefore
need not here dwell upon their importance as strongly support-
ing my hypothesis.

A reference to curves i, 2 and 3 of Fig. 2 will show how
exquisitely parallel are their courses, and how complete is their

agreement, not only with the changes in the displays of aurorse

and solar activity, but also with Dr. Chandler's long period
inequality. It seems utterly inconceivable that a correspondence
so consistent can be attributed merely to accident.

It remains to state briefly one or two very important and
interesting deductions made from the results of the last ten

years' researches into the phenomena of latitude-variation.

The frequency of aurorae and magnetic disturbances, as is well

known, shows, in addition to the variations associated with
changes of solar activity, other fluctuations depending on the

season of the year—a fact which has been closely investigated

and corroborated by Mr. Ellis. It appears that the magnetic
disturbances recorded at Greenwich reveal decided maxima at

the equinoxes and minima at the solstices, thus betraying, like

the aurorse, a half-yearly period.

Now the foregoing results point to the conclusion that the

distance of the pole of instantaneous rotation from the pole of

figure depends on the display of earth-magnetic forces. Hence
in the course of a year this distance must become twice com-
paratively short and twice comparatively long; i.e. instead of

being circular, the path described by the pole of rotation

round the pole of figure must be elliptical—the mean pole

being situated at the centre of the ellipse. If the period of

polar motion were exactly one year, the position of the axes of

this ellipse referred to a fixed meridian would remain unaltered.

But from Dr. Chandler's investigations we know the period of

latitude-variation to be on the average 428 days. Hence the

efifect of seasonal change in the earth-magnetic forces must
consist in continuously rotating the axes of the polar ellipse in

a direction opposite to that of the motion of the pole. These
conclusions are well corroborated by the observed facts, and are

clearly revealed in the plate appended to Prof. Albrecht's latest

" Bericht." The comparatively great eccentricity of the ellipses

admits of a tolerably accurate determination of the angles

between their major axes and the Greenwich meridian. If the

magnitudes of these angles be computed (Table vi. of my
paper, A.N. 3649), it will be found that they exhibit quite un-

mistakably the progressive change of position of the ellipse

with regard to the meridian, the average angular distance between
two successive positions of the major axes being about 33°.

But a closer examination of these figures shows that they indi-

cate fluctuations in this average amount which stand in a

remarkable connection with the varying display of magnetic

disturbances.

The motion of the ellipse appears to have been largely pro-

gressive in 1892, 1894 and 1898 ; while it has been very slight,

and at times even retrograde, in 1890, 1893 ^iid 1896. In the

first-mentioned years the ellipses are also more irregular and
distorted than in the others, indicating a more vehement and
spontaneous character of the forces acting on the motion of the

pole. Now, according to Mr. Ellis, these years were the only

ones in which magnetic disturbances of the character " great"

occurred at Greenwich, while in the last-named years his

statistics show that there prevailed a decided magnetic calm.

While leaving the final confirmation of this interesting fact to

future observations, it does not seem too much to say that m
the face of existing evidence it is difficult to retain the idea that

a coincidence so peculiar can possibly be ascribed to mere
accident.

The results of my researches may be thus shortly sum-
marised :

—

i. The changes in the motion of the pole of rotation round

the pole of figure are in an intimate connection with the varia-

tions of the earth-magnetic forces.

ii. Inasmuch as the latter phenomena are in a close relation

with the state of solar activity, the motion of the pole is also
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indirectly dependent on the dynamical changes taking place at

the sun's surface.

iii. The distance between the instantaneous and mean poles

decreases with increasing intensity of earth-magnetic disturb-

ance.

iv. The length of the period of latitude-variation increases
with increasing intensity of earth-magnetic disturbance.

V. In strict analogy with the phenomena of aurorne and of
magnetic disturbance, the influence of the eleven-years period
of sun-spots, as well as of the "great " period, is clearly exhibited
in the phenomenon of latitude-variation ; and the same devia-
tions from the solar curve as are manifested by the aurorre are
also evident in the motion of the pole.

vi. The half-yearly period of the earth-magnetic phenomena
influences the motion of the pole of rotation in such a way that
its path, instead of being circular, assumes the form of an
ellipse, having the mean pole at its centre.

vii. The half-yearly period also explains the conspicuous fact

of a rotation of the axes of the ellipse in a direction opposite to

that of the motion of the pole. J. Halm.

67V/VERSITV AND EDUCA TIONAL
INTELLIGENCE.

Prof. J, G. MacGregor, of Dalhousie University, Halifax,
jya Scotia, has been appointed professor of physics in

"iversity College, Liverpool, in succession to Prof. Lodge.

^The Calendar of the Glasgow and West of Scotland Technical
College, for the session 1900-1901, has been received. Among
the contents of the volume we are glad to notice schemes of
courses of study, extending over three years, for students who
intend to take up some branch of applied science or engineering
as a profession. Students are permitted to attend single classes,

but they are encouraged to follow one of the regular courses in

the several departments of study. This is the only way to

derive any real advantage from a Technical College, desultory
attendance at classes without any definite object being of little

value.

At a special meeting of the University Court of St. Andrews,
held on Saturday last, the proposal of the Marquis of Bute, who
offered a sum of 20,000/. to be held as a fund for endowing a
chair of anatomy in the University, was considered. After
deliberation, the Court resolved cordially to accept the proposed
gift on the conditions as stipulated by his lordship, and to
request the Lord Rector to inform Lord Bute of the Court's
decision. The Court further resolved to proceed at once with
the creation of a professorship of anatomy at St. Andrews, to be
endowed by Lord Bute's gift, the first presentation to the chair
being Dr. Musgrove, the present lecturer in anatomy,- such
presentation to be made as soon as the ordinance creating the
chair is approved by her Majesty in Council.

The mission of science in education was recently considered
in some detail by Prof. J. M. Coulter in an address delivered at
the University of Michigan, and published in Science. The
claims set forth in the paper are formulated as follows :—The
introduction of science among the subjects used in education
has revolutionised the methods of teaching, and all subjects
have felt the impulse of a new life ; it has developed the
scientific spirit, which prompts to investigation, which demands
that belief shall rest upon a foundation of adequate demonstra-
tion, which recognises that the sphere of influence surrounding
facts may be speedily traversed and that everything beyond is as
uncertain as if there were no facts ; it has introduced a training
peculiar to itself, in that it teaches the attitude of self-elimina-
tion, an attitude necessary in order to reach ultimate truth, and
thus supplements and steadies the other half of life, which is to
appreciate. To obtain these results, there must be teachers
who can teach, whose background and source of supply is the
investigator. Moreover, the results are immensely desirable,
inasmuch as they do not interfere with anything that is fine and
uplifting in the old education, but simply mean that the possi-
bilities of high attainment and high usefulness are open to a far

greater number.
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Messrs. S. Z. de Ferranti, the electrical engineers at

Hollinwood, near Oldham, have just adopted an educational
scheme for their apprentices. Success at evening classes, com-
bined with steady work, are to be the chief recommendations for

promotion from one department to another. And the apprentice
who obtains the highest position in the South Kensington Ex-
aminations in subjects of importance to the theoretical training
of an engineer will be awaided a scholarship tenable in the day
engineering department of the Manchester Municipal Technical
School. His fees will be paid by Messrs. Ferranti, and also the
wages he would receive if working in their shops. Mr. F.
Brocklehurst takes this generous scheme as the text of a pam-
phlet upon " Technical Education," issued by the Technical
Instruction Committee of Manchester, and he hangs upon it some
instructive remarks as to the responsibilities of manufacturers
and the nation at large, if England is to maintain her position
in the industrial world. Referring to education in Switzerland, he
points out that at Winterthur, a small engineering town near
Zurich, the technical school is attended by 400 day students who
have voluntarily left their employment (sacrificing their wages
in so doing) for one or two sessions in ordej to devote themselves
to technical study. The town, the canton and the State com-
bine to assist the realisation of their ambitions by bearing the
burden of cost, and in keeping the fees of the technical school
low. In the same way the great Polytechnic of Zurich is

crowded in its day department with hundreds of young men pre-
paring themselves for the engineering, electrical and chemical in-

dustries. Germany provides many ^similar examples. In the
Technical High School of Darmstadt there are to be found 1 100
day students, all of them over eighteen years of age j many of them
graduates of universities, and the remainder having received a
splendid high-class education in secondary schools. These are
engaged in the study of electrical, chemical or mechanical
science directly bearing upon industrial pursuits. This is only
one of many technical high schools in Germany, the culmina-
tion of which is seen in the Charlottenberg Technical High
School, near Berlin—the finest institution of its kind in the
world— with its more than 2000 day students. These young
men are being prepared for the highest positions, as technical
chemists, mechanical, naval, civil and railway engineers, ship-
builders and architects. There are now in the German Tech-
nical High Schools no fewer than 11,000 day students. In
connection with the figures given it must be noted that (i) they
ate exclusive of science students taking university courses; (2>
the pupils are without exception youths of over eighteen years
of age ; and (3) each technical high school insists upon an
entrance examination of an exacting character.

The great advance of the United States in engineering is, as
Mr. Brocklehurst remarks in his pamphlet referred to above,
largely due to the fact that during the last forty years very im-
portant engineering schools have been founded. The chief of
these is the Massachusetts Institute of Technology at Boston.
This is attended by 1171 day students, whose average age at
entrance is eighteen years and nine months, and who are either
graduates from other colleges or have attended the public high
schools for at least four years. The Worcester Engineering
Polytechnic has 823 day students. Nearly 1000 are in tl^e

Lehigh Engineering College. The Stevens Institute of Tech-
nology, New Jersey, has 214; and the Case School of Applied
Science in Cleveland, Ohio, 218. Five hundred and ninety-
seven day students attend the classes of the Sheffield Scientific-

School in Connecticut, while the Sibley College of Engineering
—part of Cornell University, New York— has 492 day students.
There are 242 day students in the Engineering Department of
the University of Michigan. A recent report shows that in the
Engineering Colleges of the United States the number of day
students enrolled is 9659, and that their growth since 1878 is

516 per cent. ! Fifty-one per cent, of these students have had
a three-year high school course, which would bring them to
seventeen years of age. The number of engineering students
graduated in 1899 was 1413, and the number of institutions pro-
viding an education in this branch of technical instructioa
(engineering) is 89. This is exclusive of evening work altogether.
It is also exclusive of what America is doing in the fields of
chemistry and textiles. Little wonder is it that this wealth of
educational opportunity is producing its crop of skilled craftsmen
trained to compete on more than equal terms with the Briton.
The Manchester Technical Institution Committee is doing a
service to the nation by placing these facts prominently before
the manufacturers of the district.
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SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, August 27.—M. Faye in the chair.

—On Egyptian gold, by M. Berthelot. Analyses of specimens

of gold of different epochs show that at the time of the sixth

and twelfth Egyptian dynasties the art of separating the silver

from native gold was not known. Some gol4 leaf of the

Persian epoch was pure, the silver having been separated. As,

however, there is a period of about twelve centuries between the

dates of the last two specimens analysed, specimens of inter-

mediate dates must be examined if the date of this metallurgical

discovery is to be fixed.—Observations of the comet 1900 b

(Borelly-Brooks) made with the large equatorial of the Observa-
tory of Bordeaux, by MM. G. Rayet and A. Ferand. The
nucleus of the comet on July 31 was of about the 9th or loth

magnitude, the head having a diameter of 3' to 4' of

arc.—The apparent semi-diameter of the sun and its posi-

tion relative to the moon, deduced from the eclipse

of May 28, by MM. Ch. Andre and Ph. Lagrula. The final

lesult for the apparent semi-diameter of the sun is given as

15' 59"'24 + o""30.—On an anomaly of the dichotomous phase

of the planet Venus, by M. E. Antoniadi. The edge of the

planet is always more brilliant than the central regions ; thence

irradiation ought to produce the prolongations actually observed.

The phenomenon would thus appear to be of purely physio-

logical origin.—Dielectric cohesion and explosive fields, by M.
E. Bouty. The term explosive field is applied to the mini-

mum strength of field between two nearly plane electrodes

required to produce sparking. The curves relating to critical

fields, as described in a preceding note, show many analogies

with those of explosive fields. Thus both the critical and
explosive fields are linear functions of the pressure of the gas,

and the constants for the gases hydrogen, air and carbonic

acid are arranged in the same order of magnitude.—On
the comp isition of the combinations obtained with fuchsine

and the sulphonated azo-colouring matters, by M. Seyewetz.

—

—On ligiiting by the cold physiological light called living light,

by M. Raphael Dubois. By the growth of certain micro-

organisms in suitable media, details of which are given, a room
may be illuminated with an intensity about equal to moonlight.

-^Action of the total pressure upon the assimilation by chloro-

phyll, by M. Jean Friedel. Although the influence of the

partial pressure of the carbon dioxide in the atmosphere upon
chlorophyll assimilation has been well investigated, the effect of

changing the total pressure of the air has not yet been examined.
It was found that the lowering of the total pressure, even to

\ atmosphere, does not modify the nature of the chlorophyll
assimilation, but that its intensity diminishes in a regular manner
with the pressure. Four species of plants were used, and the

numbers obtained for the variations were of the same order in

all of them.—^On the ancient extent of the glaciers in the region

discovered by the Belgian Antarctic Expedition, by M. Henryk
Arctowski.

Cape Town.

South African Philosophical Society, August i.—L.

Peringuey, President, in the chair.—The secretary read a
second report on the mud island which appeared off Pelican
Point at the beginning of June, from Mr. Cleverly, R.M.,
Walfish Bay, and showed the photographs taken by Mr.
Waldron, Public Works Department. Mr. Cleverly reported
that the island no longer existed on June 7, it having then entirely

subsided, as, on steaming over the site, soundings of six and
seven fathoms were obtained. The sea was much discoloured,

and a distinct odour of sulphur was still to be distinguished.

Small quantities of dead fish were found on Pelican Point, but
this is a not unusual occurrence. About the time of the island's

appearance heavy rollers set in along the coast, and though these
did not affect Walfish Bay, thirty yards of the new breakwater
at Swakop Mouth were totally destroyed, a derrick carried

away, and two men drowned. Though these rollers are usually

experienced on this coast in the winter months, Mr. Cleverly
understands that the engineer in charge at Swakop Mouth had
set up a theory that the damage to his works resulted from an
earthquake wave, and that he pointed to the appearance of the
mud island at Walfish Bay in support of his theory, but in Mr.
Cleverly's opinion the cause of the upheaval must have been
extremely local as no disturbance whatsoever was felt at the
settlement or in the confined waters of Walfish Bay. Mr.
Waldron, on the invitation of the president, gave an account of

his visits to the island. It was visited on Tune i, 2 and 4. At
the next visit, on June 7, there was no island. On June i one
member of the party landed and noticed a small basin-shaped

:

hollovv containing water and emitting gas bubbles. The odnur-
was distinctly that of sulphuretted hydrogen. Dr. Corstophine-
agreed with Dr. Marloth as to there being no need for volcanic
activity to explain the phenomenon ; nor was there any evidence
of such. He compared the appearance of the island at Walfish
Bay with the "mud lumps" known to arise in the Gulf of
Mexico, and quoted Sir Charles Lyell's account of these. The
Walfish Bay island was evidently a quite similar phenomenon.
As to the gas, the Gulf of Mexico " mud lumps " usually gave
off marsh-gas, and the sulphuretted hydrogen perceived as being
emitted at Walfish Bay, was probably due to ihe decomposition
of animal as against plant material. The fine mud from
Walfish Bay, under the microscope, was found to contain
diatoms, fish scales, bones, and other remnants of animal
matter.—Notes on stone implements of palEcolithic type
found at Stellenbosch and the vicinity, by L. Peringuey and
G. S. Corstophine. The discovery of stone implements of

a particularly ancient type at Bosman's Crossing, Paarl and
Malmesbury, was described. From the rude character of the
chipped stones, Mr. Peringuey was disposed to regard them as
being equal in age to the palaeolithic implements of Europe, but
Dr. Corstophine had shown him the difficulty of accepting this

theory owing to the geological deposits in or on which the
stones are found. So far no implements have been found in any
deposit that can be regarded as of great antiquity. In the
Stellenbosch district the implements are found imbedded either

in the rain-wash of weathered granite or in the laterite, or

simply on the surface, so that no geological evidence has yet

been discovered as to the presumable antiquity of the

implements. One feature of this occurrence, which Dr.
Corstophine pointed out, is that as yet no implements have
been found on the recent alluvial terraces of the Eerste River,

but only on the hill slopes round about. The implements are
formed from water.worn boulders of Table Mountain Sandstone,
and often retain a considerable portion of the water-worn
surface.
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BACTERIOLOGY.
The Structure and Functions of Bacteria. By Alfred

Fischer, Professor of Botany at the University of

Leipzig. Translated into English by A. Coppen Jones.
Pp. viii + 198. (London : Clarendon Press, 1900.)

THE first two chapters are concerned with the mor-

phology of bacteria, and the subject is most ably

dealt with, as mi>>ht be expected from so talented a

botanist as Prof. Fischer. Nevertheless, these are not

the chapters which strike one as of exceptional interest

or importance, because they treat of matters discussed

n every text-book of bacteriology, and afford but little

new information.

Chapters iii. and iv., under the title of "Taxonomy,"
deal with the question of species and variability among
bacteria ; the involution and attenuation of microbes

;

the systematic position of bacteria and their classification,

rof. Fischer points out that the heated controversy on

he " species question " rests on our different conception

of pieogony and pleotnorphisni among bacteria. Pleo-

morphism in its true sense does not exist among bacteria

according to Fischer, and mutability of function (other

than of a temporary character) is also denied by him.

Thus he asserts positively that " It has not been hitherto

possible to entirely suppress a single biological character

in any species." We are inclined to take a less dogmatic

position as regards the suppression of a biological

character, while fully agreeing with the author that the

attainment in our cultures of ar^w/V^rt^ characters that are

permanent and hereditary in bacteria is not to be

expected. The classification of bacteria proposed by

Fischer has much to commend it, but it is natural to

shrink from so sweeping a change in our existing nomen-
clature as would be necessary if his views were

universally adopted. The tetanus bacillus, according to

Fischer, would fall under the genus Plectridium, the sub-

family Plectridiaj, the family Bacillaceae, and the order

Haplobacterin?e. The typhoid bacillus would come
under the same order, but the genus would be Bactridium,

the sub-family Bacilleac, and the family Bacillaceas.

Fischer suggests that

"the names of the genera might be formed conveniently
in such a way that the root of the word indicated the

shape of the cell, and the termination the arrangement
of the cilia. The root-words might be baktron (rod),

kloster (spindle), and plectroti (drum-stick), and the

terminations -inium for monotrichous, -ilium for lopto-

trichous, and -idium for peritrichous types."

Chapter v. deals with the distribution of bacteria ; their

modes of life, and spontaneous generation. Using the

modes of nutrition as a basis for classification, Fischer

divides bacteria into the following groups :

—

I. Prototrophic Bacteria.

Nitrifying bacteria, bacteria of root-nodules, sulphur
and iron bacteria, occur only in the open in nature

—

never parasitic, always monotrophic.

II. Metatrophic Bacteria.

Zymogenic, saprogenic and saphrophile bacteria
occur in the open and upon the external and internal

surfaces of the body—sometimes parasitic (facultative

parasites), monotrophic or polytrophic.
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III. Paratrophic Bacteria.

Occur only in the tissues and vessels of living

organisms—true (obligatory) parasites.

The author remarks that it is worthy of note that not

only the bacteria but all other organisms can be arranged

in these three biological divisions.

Chapters vi. to ix. deal with thephysiology of nutrition,

general principles of culture, respiration of bacteria,

influence of physical agents, and the action of chemicals.

It is impossible in the limits of this review to do justice

to these chapters, which although treating of matters

described in every text-book of bacteriology, yet succeed

in presenting the subject to the reader in a new and

attractive light.

Chapters x. and xi. treat of the circulation of nitrogen

in nature. It may be said without fear of contradiction

that the author has dealt with this complex problem in a
masterly manner. No other writer that we are aware of

(unless, perhaps, Lafar) has placed the subject before the

reader in so comprehensive and intelligible a form. To
indicate the scope of these chapters we cannot forbear

quoting from the introductory remarks as follows :—

"Apart from the activity of organisms like the pig-

ment and phosphorescent bacteria, and other remarkable
metabolism of the sulphur—and iron—bacteria, the work
of bacteria in nature embraces three great processes :

(i) The circulation of nitrogen: effected by putre-

faction, the formation of nitrates, and the assimilation of

atmospheric nitrogen.

(2) The circulation of carbon by the fermentation of

carbohydrates and other non nitrogenous products of

animals and plants.

(3) The causation of disease in other organisms,

particularly in man and the higher animals.

There are in nature five sources of nitrogen open to

plants and animals :

(i) The atmosphere (79 per cent, by volume of free

nitrogen).

(2) The nitrates of the soil and the traces of nitrous

acid formed in the air during thunderstorms.

(3) Ammonia, which occurs in minute quantities in the

air, and is set free abundantly by the putrefaction and
decay of dead organisms.

(4) Animal excreta, which contains nitrogen compounds
of many kinds, even down to ammonia ; and

(5) The tissue of plants and animals."

Chapters xii. to xiv. deal with the circulation of carbon

dioxide in nature, and they are full of interest to the

biologist, and will doubtless appeal very strongly to

students of agricultural chemistry.

Chapters xv. to xvii. treat of bacteria in relation to

disease. In no captious spirit we venture to offer the

criticism that here the author treads on less familiar

ground, and although the subject is discussed in a

scholarly and instructive manner, there is some evidence

that a pure botanist is apt to fall into error when invading

the domain of the pathologist. We do not agree with

the author when he says that B. coli is almost indistin-

guishable from the parasite of typhoid fever. It is

easily distinguished—the difficulty lies in differentiating

between certain phase-forms or allies of B. coli and the

typhoid germ. Again, Prof. Fischer would seem to be

in error when he says that the dimensions of the two are

about the same, that both are actively motile and

peritrichously ciliated, and that the cilia are too delicate

for their number to be of determinative value. As a

X
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matter of fact, B. colt is a short rod, hardly longer than

broad, frequently showing only very feeble motility, and
usually having only i to 3 flagella, which stain with

difficulty ; whereas the typhoid bacillus occurs as long,

thin, slender rods and filaments, which (the rods) are

actively motile and move about in a fashion quite

different from the colon bacillus. Moreover, the flagella

average ten in number, and stain readily. The state-

ment that B. colt is frequently present in dirty water

must be accepted with reserve, unless it be assumed that

the word "dirty" is meant by the author to convey the

idea of fouling with matter of an excremental sort. Again,

the author, speaking of the staphylococci (s.p. aureus,

-citreus and albus), says that in nature these germs are

found everywhere. We venture to dispute the truth of

this remark, which is stated as if it were a fact
;
yet in our

judgment it is merely a supposition, and an erroneous one.

These few criticisms are made in no carping spirit
;

indeed, the book as a whole strikes us as being one of

the best that has been written on the subject, and in

many respects it is quite unique. The chapters dealing

with the circulation of nitrogen and carbon in nature are

altogether admirable. We can find no words sufficiently

strong to recommend this book to the perusal of all

students of bacteriology, and particularly to those

interested in biology from the technical point of view.

Unstinted praise must be given to the translator ; in

-offering to English readers a translation of Prof. Alfred

Fischer's " Vorlesungen iiber Bakterien " he has placed

us under a deep debt of gratitude. A. C. Houston.

OUR BOOK SHELF.
A Walk Throii^h the Zoological Gardens. By F. G.

Aflalo, F.R.G.S., F.Z.S. Pp. 232. (London : Sands
and Co., 1900.)

It is not by any means abundantly clear that a guide to
the Zoological Society's Gardens is needed, inasmuch as
there already exists the well-known and accurate guide
to the Society's collection by Mr. Sclater. Although it is

true that the author does not call his book a "guide" in

the title, he nevertheless observes in the preface that it is

his object "to conduct the reader from house to house
.and from paddock to paddock, pointing out the chief
features of interest " on the way. We must, therefore,
consider the book as intended to be a guide. As such it

-does not appear to us to be at all informing ; it would
have been well, too, to avoid positive error. The author
-calls a sea-lion a seal, which—seeing that true seals are
often exhibited— is confusing. The African Mudfish,
Protopterus, often on view in the Reptile house, is dubbed
Lepidosiren, which, we need scarcely explain, is a South
American Dipnoan. There are other errors of fact, and
-certain statements which are so loose and confused that
they are practically erroneous. It is naturally impossible
in a small book like the present to give an exhaustive
account of all the animals to be seen in the course of a
year or two in the Gardens. But the author leaves out
so many important beasts that he fails to convey a real

notion of the extent and variety of the collection. By
cutting out the tale of how he rescued a blue pencil from
a cormorant, which afterwards swallowed a lady's
parasol, and by forbearing to mention that porcupines
" pare their teeth on elephants' tusks "

(!j, and generally by
avoiding gossip of a totally uninteresting and equally un-
instructive kind, Mr. Aflalo might have grappled more
•successfully with the immense amount of material at his

• disposal.
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LETTER TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intended for this or any other part of Nature.
No notice is taken ofanonymous comtnunications.'\

The Reform of Mathematical Teaching.

To your issue of August 2 Prof. Perry contributes an indict-

ment of the present system of mathematical teaching in this

country. As he invites criticism, one need not apologise either
for defending existing methods or for criticising his suggested
improvements. His main attack seems to be directed against
mathematics as an educational subject, and in particular the
teaching of Euclid falls under his ban. The elements of abstract
reasoning are, he says, quite unnecessary to a boy's mental de-
velopment. Why does he not add that common-sense is of no
value also ?

Do we always first learn by actual trial, as is stated in his

article ? Do we throw ourselves into deep water and learn to
swim forthwith? Do we set about jumping, cycling, billiards

or cards without any previous explanation ? Surely, as a rule,

in these matters we are taught, not only what to do at the start,

but also, if we can grasp them, the guiding principles. In a
game of whist, who does not dread the unreasoning partner who
has learnt the rule " Third player plays highest," and blindly
acts upon it ?

"

Euclid, though it might advantageously be shortened by the
assumption of a few more axioms and postulates, is not, I venture
to say, at all a "soul-destroying, weary, worrying study for the
schoolboy." Of course it may be made so, but to every boy,
with care, it may become interesting, and, in the experience of
many teachers, it proves a more engrossing subject to their

classes than either arithmetic or algebra.

Prof. Perry very properly points out some of the weak spots
in present-day arithmetic. He instances "our abominable
system of weights and measures." One may suggest that that

system is hardly the fault of our system of mathematics ; it is

entirely its misfortune. Will he not, instead of girding at the
unfortunate teachers of mathematics, agitate for a conference of
delegates from all bodies interested in this most important
question ?

Later on in his article it is stated that practice, interest, dis-

count, tare and tret, alligation, position, &c. , are at this day
taught exactly as during the last century. This statement is

absurd.

It is true that discount, percentages, stocks, areas, &c., are

all dependent on the rule of proportion ; but for purposes of
explanation and of interest it is certainly as well not to lump
these together in one heterogeneous muddle under the head of
"Proportion." If such a method were in vogue, or if the
whole of arithmetic were, by means of formulas, reduced to

multiplication and division, one would certainly see " the film

of dulness covering a boy's face as he entered the class-room."
As regards the syllabus quoted by Prof. Perry, it is easy to

agree with him thus far—that it is admirably adapted for a

technical training. In practical mathematics, where mental
training is of minor importance, exigencies of time will compel
the teacher to omit explanations, or only to give them roughly,

for his chief object is to enable his pupils to apply mathematical
results, as distinct from reasoning, to problems in engineering,

science, or kindred subjects.

On the other hand, the average boy's mathematical education
up to the age of fifteen or sixteen is an absolutely different

matter ; to put it crudely—the teacher's main effort is to enable
his pupil to ask and to answer reasonably the question

"Why?"
At present there is really no orthodox system, but, in my

opinion, the methods enunciated in the principal text-books of

the day do, with slight exceptions, tend to develop a boy's

mental powers.
When the boy has decided on his profession, then by all

means continue his education on the lines suggested by Prof.

Perry.

Finally (if one may misquote his opening words), " it is very

important to try to get a view of our system of teaching mathe-
matics, which is not too much tinted with pleasant (or possibly

unpleasant) memories of science and engineering."

W. F. Beard.
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SIR JOHN BENNE T LA IVES, BART., F.R.S.

ONE of our truly great men has passed away. Born
in 18 14, his life extended over the greater part

of a century full of great men and great deeds
; yet

among this goodly company he will surely be placed
in the front rank if we have regard to his personal
<jualities, and to the far-reaching and beneficial character
of his achievements. xA.n only son, he was left at the
age of eight without a father, and owed much of his
bringing up to the care of his mother, to whom he was
•extremely attached. Educated at Eton and Oxford, he
entered in 1834, at the age of twenty, on the manage-
ment of the paternal estate at Rothamsted, Herts. How
many youths placed thus early in the possession of a
beautiful home, and a sufficient income, would have
fallen into habits of easy enjoyment, and left nothing
behind them worth recording ? But these circumstances,
so full of danger to the average lad, were exactly suited
for the development of the work which the youthful
squire was to accomplish. His active mind obtained at

once perfect freedom of action. His love of work and
high sense of duty led him to devote himself to the
management of the home farm, and under his keen
observation its fields became to him pages of nature,
which year by year told him new facts, answered new
questions, and revealed fresh wonders.

In boyhood Sir John Lawes had somehow imbibed a
taste for chemistry. He has told in his own graphic
way how he delighted to write with a stick of phos-
phorus on the door of a dark room, and to give electric
shocks to the old housekeeper. On taking up his

residence at Rothamsted he proceeded to fit up one of
the bedrooms as a laboratory and commenced a variety
of experiments. Chemistry was at that time to a large
extent a department of medical science, and some of his

earliest work was directed to the isolation of the alka-
loids of medicinal plants. The manufacture of calomel
by a new process—the combustion of mercury in chlorine
gas— also engaged his attention ; an old barn was con-
verted into a laboratory, and the process carried out for

some time on a commercial scale. We have here his first

decided step as a chemical manufacturer.
Three or four years elapsed before any experiments

were made on agricultural subjects. In 1837 Sir John
Lawes commenced growing plants in pots with various
substances applied as manure, and more numerous
experiments of this kind were carried out in the two
following years. His attention had been drawn to the
uselessness of bones when applied as a manure to turnips
on heavy soils, although they proved extremely effective

on light soils. He tried treating fresh bone and burnt
bone with sulphuric acid, and speedily remarked the
great increase in the manurial effect of the bone so
treated. Mineral phosphates, as apatite, were treated
with sulphuric acid, and were also found to yield a most
effective manure. The value of these acidified manures
having been confirmed by trials in the field, both at
Rothamsted and elsewhere, it became evident that a fact
of the greatest importance to agriculture had been dis-
covered. The farmer was no longer dependent on bone
or guano for a supply of phosphate, the vast deposits of
phosphatic rocks and minerals were equally available for
his use, and could be converted into a potent manure by
treatment with sulphuric acid ; moreover, the new
manure was as effective upon heavy as upon light
land.

In 1842 Sir John Lawes took out his patent for treat-
ing apatite and other phosphatic minerals with sulphuric
acid, thus producing superphosphates. This event laid
the foundation of the vast manufacture of artificial

manures which now supplies the varied wants of the
farmer, and enables him to restore or increase the fer-
tility of his land in the most effective and economical
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manner. At the present time the annual production of
superphosphates in the United Kingdom reaches the

enormous total of 900,000 tons ! In other countries the

quantities manufactured are equally prodigious. The
influence of these manures on the productiveness of the

soil in civilised countries is incalculable.

It was a serious step for a young country squire to

start a large manure factory, and to enter himself as a
wrestler in the keen competitions of commercial life.

The difficulties which beset a successful, rapidly growing
business are especially great, as the continually increasing

demand for capital more than swallows up the accruing
profits. But the owner of Rothamsted had already
developed his mental powers. His cool head, his quick
grasp of a situation, his methodical habits, his enter-

prising spirit, and his scientific training made him a
most successful man of business. In 1843 a manure
factory was started by Sir John Lawes at Deptford
Creek. In 1857 the business had so increased that 100
acres of land were purchased at Barking Creek, and a
much larger and more complete plant erected. The
whole of the manure business was sold in 1872 for

300,000/.

Having entered upon London commercial life. Sir

John Lawes did not confine his .enterprise to the produc-
tion of manures ; his activity was displayed in many
directions. In 1867 a large factory at Millwall for the

production of tartaric and citric acid was acquired. Here
the same tale has to be told as that relating to the manure
business. The scientific enterprise of the new owner, his

carefulness for economy of production, and the advan-
tages he obtained from command of capital, soon placed
him also at the head of this branch of English chemical
manufacture.
We need not in this place refer at greater length to

Sir John Lawes' commercial career, which continued with
activity up to his death ; it has been due to the man to

depict the results of this large portion of his life's work,
and also to note the remarkable character which he
obtained in the commercial world. His enterprise and
command of capital made him at all times a formidable
competitor ; but his name was still better known as asso-

ciated with scrupulous fairness of dealing, and in cases
of difficulty it became recognised that it was better to

trust to Sir John Lawes' generosity than to fight for

individual rights.

One might readily suppose that the commercial life of

such a successful man of business would have engrossed
nearly the whole of his time and energy ; this was far

from being the case. The wonder of the man was that

he carried on so long and so successfully a dual life.

He seemed to have the power of putting aside at once all

one class of thoughts and interests, and of embarking
with perfect freshness and enthusiasm on another sub-

ject ; and of all subjects, agriculture, chiefly regarded as
presenting a series of problems in agricultural chemistry,
was the one in which his greatest interests were centred.

Business might occupy his mind, but agriculture was
always the mistress of his heart. This would appear in

a striking manner in the midst of his London work. On
the occasion of his weekly visit to the chemical laboratory
at Millwall, a very few minutes would generally suffice

for the despatch of immediate business, and Sir John
Lawes would then frequently spend an hour in eloquent
talk with the writer of the present notice upon the agri-

cultural problems which then most interested him.
Visitors to the Rothamsted experiments might well be
ignorant of the existence of the vast London business.

The spirit of the counting-house never invaded Rotham-
sted ; here the experimental fields, and the reports

preparing on the results they yielded, seemed to engage
his whole attention. No one knew the fields as well as
he did, and an afternoon spent at home generally included
a walk, spud in hand, through the whole of them.
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For the sake of clearness in our narration, we have
brought together in one view the principal facts relating

to Sir John Lawes' career as a chemical manufacturer
;

we have next to regard him as the founder of the Agri-

cultural Experiment Station at Rothamsted, and as its

presiding genius during a period of nearly sixty years.

We must go back again to 1842. When Sir John
Lawes had taken out his patent, and had determined to

start a factory in London, it would have seemed natural

if his entire energies had been transferred to this new and
promising sphere of labour ; but now the truly scientific

character of the man was made manifest. The agricul-

tural investigations in the fields at Rothamsted, which
had become so fascinating, were not to be given up, but
extended. This could only be done by engaging scientific

assistance. A young chemist, Dr. J. H. Gilbert, was
engaged to superintend the Rothamsted experiments

;

and thus, in 1843, began that partnership in labour which
has yielded such a rich harvest of results.

The station thus founded at Rothamsted began its

work long before any of the agricultural stations now
existing in other countries, of which there are at present
several hundreds. The investigations carried out have
proceeded to a considerable extent on lines peculiar to

the place, and have generally been of a very laborious

character. The most striking characteristic of Roth-
amsted is its experimental fields, covering nearly forty

acres. Here the various crops of a four-course rotation

are grown, both separately and in their usual order of
succession ; the influence of different manures upon the
quantity and composition of the crops is studied ; the
alterations in the composition of the soil brought about
by different treatment are determined, and in some cases
the composition of the drainage water from the different

plots is ascertained. The Rothamsted investigations

have also included many important and laborious experi-

ments on farm animals.

It is quite impossible to attempt to enumerate the

various investigations made at Rothamsted. The first

formal report appeared in 1847. The collected reports

now occupy nine volumes. We may, however, note some
stages in the development of this great enterprise. By
1848 most of the experimental fields had commenced their

work ; by 1856 the whole of the present series was in

operation. The chemical work required soon exceeded
the capacity of the old barn first used, and in 1854-5 a
handsome new laboratory was built and presented to Sir

John Lawes as a testimonial from the agriculturists of

England for his services to agriculture. Large additional

buildings for preparing and storing samples have since

been added. In 1889 Sir John Lawes transferred the

whole of the laboratories and experimental fields to

trustees, with an endowment of 100,000/., so that the agri-

cultural investigations might be permanently continued.

The management is now vested in a committee, nominated
by the Royal, the Royal Agricultural, the Chemical and
the Linnean Societies. The jubilee of the Rothamsted
Station was celebrated in 1893, ^"d on this occasion Dr.

J. H. Gilbert received the honour of knighthood. A full

account of the celebration will be found in Nature of

July 27 and August 3, 1893.

But we must turn once more to the man himself. Sir

John Lawes received many honours. The Queen created

him a baronet in 1882. Universities gave him their

degrees ; societies bestowed upon him their medals.

Prosperity could not spoil him. Quite free from personal

ambition, he was always ready to give the credit of

success to his fellow-workers. Visitors to the Rothamsted
experiments—and they were many—were delighted when
Sir John himself was the pilot of the party ; the two
hours' talk to which they listened was a treat to be
remembered. In terse, vigorous sentences the practical

results of each trial were brought before them, while the

whole was illuminated by many a flash of humour. In
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his middle life Sir John Lawes wrote a great number
of short articles for the agricultural press. In these he
excelled. His thorough knowledge of the details of
farming, and his practical mind, prevented him from ever
writing as a mere doctrinaire ; the facts ascertained by
investigation were presented by him in their concrete
aspect as things to be reckoned with by the farmer in his
daily life on the farm.
Our notice would be incomplete without some refer-

ence to his local beneficence. As Lord of the Manor
he did much to maintain and increase the charms of a
pretty village now rapidly transforming itself into a
town. He was the agricultural labourers' best friend.
He provided them with an ample supply of allotment
gardens, and in 1857 built a club room for their benefit

;

this was visited and described by Charles Dickens in

1859. Sir John Lawes also tried to introduce several
co-operative schemes for the labourers' benefit. He was
always seen to great advantage on the occasion of the
annual allotment club dinner at which he presided, when
he carved a huge piece of beef provided by himself, and
afterwards made a humorous speech to the labourers.
As a generous donor to public and private charities he
will be long remembered.
As he passed into old age his powers seemed to suffer

little diminution. A few days before his last illness he
went as usual to London, and thence down to the
factory at Millwall. He died on August 31, in his eighty-
sixth year, full of days and full of honours, and venerated
by all who knew him. R. Warington.

THE BRADFORD MEETING OF THE
BRITISH ASSOCIATION.

T N the midst of the turmoil of the Association week
-* it is difificult to give any careful compression of the
results of the meeting ; but, from the point of view of the
Local Committee, the visit has been an unqualified
success. Apprehensions were felt, in making the pre-
liminary arrangements, lest there might be some incon-
gruity in certain cases between the guests and the hosts :

but, judging from the absence of rumours to that effect,

the fears were groundless.

One point upon which at first some individual soreness
arose was due to a slight misunderstanding in the
matter of the excursions. These had long presented an
exceedingly difficult problem to the local organisers of
Association meetings ; so much so, that the entire
abandonment of all excursions has at times been con-
templated. It is probably inevitable that, in any scheme
put forward to ensure the success of the excursionists as
a whole, some individual hardship must be occasioned,
leading to a certain amount of unpleasantness. In the
circumstances, it is scarcely surprising that, at first, a
few sufferers should have complained that the excursion
arrangements had been planned in a new and inferior

manner ; but, eventually, they fell in readily with the
innovations. At former meetings it has been found
impossible to organise excursions upon any exact system,
owing to the fact that persons applied for tickets in a
vague and undecided spirit, and often failed to take them
up when they were allotted to them, to the consequent
deprivation of other persons. Accordingly, in the
Bradford scheme, the following regulations were
issued :—

-

(i) That out of the seven excursions for the day three

should be selected in the order of preference. (2) That
the fee (made practically uniform) should be handed in

with the application form ; and (3) that persons com-
plying with these requirements should in due course
receive a ticket for one of the trips selected, or have
their money returned. Those applicants who stated

that they would only name a single excursion were
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advised not to hand in any application or fee, as no
guarantee could be given that they would receive one
particular ticket. Despite the individual irritation which

has been occasioned by an imperfect comprehension of

the scheme, and by occasional unwillingness to comply
with the conditions, the new arrangement has received

a widespread approval, and has formed another instance

of the willing and courteous acceptance of the Bradford
arrangements, which has so conspicuously characterised

the present meeting of the Association.

Ramsden Bacchus.

Meetings of the General Committee.

At the first meeting of the General Committee, Prof.

^chafer reported that the following resolutions had been
considered and acted upon by the Council of the

Association.

I. That in view of ihe opportunities of ethnographical
inquiry which will be presented by the Indian census,

the Council of the Association be requested to urge the

Government of India to make use of the census officeri/

for the purposes enumerated below, and to place photo-

graphers at the service of the census officers :—(i) To
establish a survey of the jungle races, Bhils, Gonds, and
other tribes of the central mountain districts

; (2) to

establish a further survey of the Naga, Kuki, and other

cognate races of the Assam and Burmese frontiers
; (3)

to collect further information about the vagrant and
criminal tribes, Haburas, Beriyas, Sansiyas, &c., in North
and Central India

; (4) to collect physical measurements,
particularly of the various Dravidian tribes, in order to

determine their origin ; and of the Rajputs and Jats of

Rajputana and the Eastern Punjab, to determine their

relation with the Yu-echi and other Indo-Scythian races ;

(5) to furnish a series of photographs of typical specimens
of the various races, of views of archaic industries, and of

other facts interesting to ethnologists.

II. That the Council be requested to represent to Her
Majesty's Government the importance of giving more
prominence to botany in the training of Indian forest

officers.

A resolution was adopted, that in future women should
be eligible as members of the Sectional Committees.

.\t the second meeting of the General Committee it

was decided that the meeting of the Association in 1902
should be held in Belfast. The meeting next year will

be held in Glasgow, with Prof. A. W. Riicker as president,

and will commence on Wednesday, September 11, 1901.

The vice-presidents for the meeting will be : The Earl of

Glasgow, Lord Blythswood, Lord Kelvin, the Lord
Provost of Glasgow, the Principal of the University of
Glasgow, Sir John Stirling-Maxwell, MP., Sir Andrew
Noble, Sir Archibald Geikie, Sir W. T. Thiselton-Dyer,
Mr. James Parker Smith, M.P., Mr. John Inglis, and
Mr. Andrew Stewart. Alluding to the arrangements for

the Glasgow meeting, the Lord Provost of Glasgow said

the University had been placed at the disposal of the
Association, and all the Sections will probably be accom-
modated under one roof There will also be an exhibi-

tion in Glasgow next year, and the 450th anniversary of the
University will be celebrated.

Prof Schiifer has retired from his position as one of
the general secretaries, and Dr. D. H. Scott has been
elected his successor.

The following is a synopsis of the grants of money
appropriated to scientific purposes by the General
Committee :

—

Mathematics and Physics.

•Rayleigh, Lord—Electrical Standards 45
*Iudd, Prof. J. W.—Seismological Observations 75
•Riicker, Prof. A. W.—Magnetic Force on board Ship

(renewed) 10

• Re-appointed.

NO. 16 t I, VOL. 62]

Chemistry.

Hartley, Prof. W. N.— Relation between Absorption £
Spectra and Constitution of Organic Substances

(balance, ;^6 8j. ga'. in hand) —
*Roscoe, Sir H. E.—Wave-length Tables ... ... S
*Miers, Prof. H. A.—Isomorphous Sulphonic Derivatives

of Benzene 35

Geology.

*Hull, Prof. E.—Erratic Blocks (;^6 in hand) —
*Geikie, Prof. J.—Photographs of Geological Interest

(balance, ;^io in hand) —
*Lloyd-Morgan, Prof C.—Ossiferous Gives at Uphill

(renewed) ... 5

•Watts, Prof. W. W.— Undierground Water of North-
West Yorkshire 5°

*Scharff, Dr.—Exploration of Irish Caves (renewed) ... 15

*Marr, Mr. J. E.—Life-zones in British Carboniferous

Rocks 2

Zoology.

*Herdman, Prof. W. A.—Table at the Zoological Station,

Naples 100
*Bourne, Mr. G. C—Table at the Biological Laboratory,

Plymouth 20
•Woodward, Dr. H.— Index Generum et Specierum

Animalium... ... ... ... ... ... •• 75
•Newton, Prof. A.—Migration of Birds ... 10

Poulton, Prof E. B.—Life-history of the Marble Gall-fly —

Geography.

Keltie, Dr. J. Scott—Terrestrial Surface Waves ... 5

Mill, Dr. H. R.—Changes of Land-level in the Phlegrcean

Fields 50

Economic Science and Statistics.

•Giffen, Sir R.— State Monopolies in other Countries

{£i'i 13s. 6d. in hand) ... —
Brabrook, E. W.—Legislation regulating Women's Labour 15

Mechanical Science.

•Preece, Mr. W. H.— Small Screw Gauge (balance in

hand) and... ... ... ... ... ... ... 45
Binnie, Sir A.— Resistance of Road Vehicles to Traction 75

Anthropology.

•Evans, Mr. A. J.—Silchester Excavation
•Penhallow, Prof. D. P.—Ethnological Survey of Canada
Garson, Dr. J. G.—Age of Stone Circles (balance in

hand)
•Read, Mr. C. H.—Photographs of Anthropological

Interest (balance of ;[^io in hand)
*Tylor, Prof. G. B.—Anthropological Teaching
Evans, Sir John.—Exploration in Crete

Corresponding Societies.

•Whitaker, Mr. W.— Preparation of Report

* Re-appointed.

Physiology.

*Schafer, Prof. E. A.—Physiological Effects of Peptone... 30
Schafer, Prof E. A.—Chemistry of Bone Marrow ... 15
Starling, Prof. E. H.—Suprarenal Capsules in the

Rabbit 5

Bota7ty.

•Farmer, Prof J. B.—Fertilisation in Phreophyceit ... 15

Marshall Ward, Prof—Morphology, Ecology, and
Taxonomy of Podostemacece .. ... ... ... 20

.. 15

£9AS
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SECTION A.

DEPARTMENT OF ASTRONOMY.

Opening Address by Dr. A. A. Common, F.R.S., F.R. AS.,
Chairman of the Department.

It has been decided to form a Department of Astronomy
under Section A, and I have been requested to give an address

on the occasion. In looking up the records of the British Asso-

ciation to see what position Astronomy has occupied, I was
delighted to find, in the very first volume, "A Report on the

Progress of Astronomy during the Present Century," made by
the late Sir George Airy, so many years our Astronomer Royal,

and at that time Plumian Professor of Astronomy at Cambridge.
This report, made at the second meeting of the Association, de-

scribes, in a most interesting manner, the progress that was
made during the first third of the century, and we can gather

from it the state of astronomical matters at that time. The
thought naturally occurred to me to give a report, on the same
lines, to the end of this century, but a little consideration showed
that it was impossible in the limited time at my disposal to give

more than a bare outline of the progress made.
At the time this report was written we may say, in a general

way, that the astronomy of that day concerned itself with the

position of the heavenly bodies only, and, except for the greater

precision of observation resulting from better instruments and
the larger number of observatories at work, this, the gravita-

tional side of astronomy, remains much as it was in Airy's

time.

What has been aptly called the New or Physical Astronomy
did not then exist. I propose to briefly compare the state of

things then existing with the present state of the science, without
dealing very particularly with the various causes operating to

produce the change ; to allude briefly to the new astronomy ; and
to speak rather fully about astronomical instruments generally,

and of the lines on which it is most probable future develop-

ments will be made.
In this report (Brit. Assoc. Report, 1831-32, p. 125) we find

that at the beginning of the century the Greenwich Observatory
was the only one in which observations were made on a regular

system. The thirty-six stars selected by Dr. Maskelyne, and
the sun and moon, were observed on the meridian with great

regularity, the planets very rarely and only at particular parts of

their orbits ; small stars, or stars not included in the thirty-six,

were seldom observed.

This state of affairs was no doubt greatly improved at the

epoch of the report, but it contrasts strongly with the present

work at Greenwich, where 5000 stars were observed in 1899, in

addition to the astrographic, spectroscopic, magnetic, meteoro-
logical, and other work.

Many observatories, of great importance since, were about
that time founded, those at Cambridge, Cape of Good Hope
and Paramatta having just been started. A list is given of the

public observatories then existing, with the remark that the

author is "unaware that there is any public observatory in

America, though there are," he says, "some able observers."

The progress made since then is truly remarkable. The first

public observatory in America was founded about the middle of

the century, and now public and private observatories number
about 150, while the instrumental equipment is in many cases

superior to that of any other country. The prophetic opinion
of Airy about American observers has been fully borne out.

The discovery of two satellites to Mars by Hall in 1877, of a
fifth satellite to Jupiter by Barnard in 1892, and the discovery

of Hyperion by Bond, simultaneously with Lassell, in 1848, are

notable achievements.

The enormous amount of work turned out by the Harvard
Observatory and its branches in South America, all the photo-

graphic and spectroscopic work carried out by many different

astronomers, and the new lines of research initiated show an
amount of enthusiasm not excelled by any other country. A
greater portion of the astronomical work in America has been
on the lines of the new astronomy, but the old astronomy has
not been at all neglected. In this branch pace has been kept
with other countries.

From this report we gather that the mural quadrant at most
of the observatories was about to be replaced by the divided
circle. Troughton had perfected a method of dividing circles,

which, as the author says,
'

' may be considered as the greatest

improvement ever made in the art of instrument making."
Two refractors of 11 and 12 inches aperture had just been
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imported into this country ; clockwork for driving had been
applied to the Dorpat and Paris equatorials, but the author had
not seen either in a state of action.

The method of mounting instruments adopted by the Germans
was rather severely criticised by the author, the general principle
of their mounting being "telescopes are always supported at
the middle, not at the ends."
" Every part is, if possible, supported by counterpoises."

"To these principles everything is sacrificed. For instance,

in an equatorial the polar axis is to be supported in the middle
by a counterpoise. This not only makes the instrument weak
(as the axis must be single), but also introduces some incon-
venience into the use of it. The telescope is on one side of the
axis ; on the other side is a counterpoise. Each end of the
telescope has a counterpoise. A telescope thus mounted must,
I should think, be very liable to tremor. If a person who is

no mechanic and who has not used one of these instruments
may presume to give an opinion, I should say that the Germans
have made no improvement in instruments except in the excel-

lence of the workmanship."
I have no doubt that this question had often occupied Airy's

mind, for in the Northumberland Equatorial Telescope which
he designed shortly after for Cambridge he adopted what has
been called the English form of mounting, where the telescope

is supported by a pivot .at each side, and a long polar axis is

supported at each end. This telescope is in working order at

the present time at Cambridge.
When he became Astronomer Royal he used the same design

for what was for many years the great equatorial at Greenwich,
though the wooden uprights forming the polar axis were in the
Greenwich telescope replaced by iron. It says much for the

excellence of the design and workmanship of this mounting,
designed as it was for an object-glass of about 13 inches

diameter, when we find the present Astronomer Royal, Mr.
Christie, has used it to carry a telescope of 28 inches aperture,

and that it does this perfectly.

Notwithstanding the greater steadine.ss of the English forn>

of mounting, the German form has been adopted generally for

the mounting of the large refractors recently made.
There is much interesting matter in this report of an historical

character.

As I have already said, the new astronomy, as we know it,

did not exist ; but in a report [Brit. Assoc. Report, 1831-32,

p. 308) on optics, in the same volume, by Sir David Brewster,

we find that spectrum analysis was then occupying attention,

and the last paragraph of this report is well worth quoting :

" But whatever hypothesis be destined to embrace and explain

this class of phenomena, the fact which I have mentioned opens
an extensive field of inquiry. By the aid of the gaseous absor-

bent we may study with the minutest accuracy the action of the
elements of material bodies in all their variety of combinations,

upon definite and easily recognised rays of light, and we may
discover curious analogies between their affinities and those

which produce the fixed lines in the spectra of the stars. The
apparatus, however, which is requisite to carry on such inquiries

with success cannot be procured by individuals, and cannot ever>

be used in ordinary apartments. Lenses of large diameter, ac-

curate heliostats, and telescopes of large aperture are absolutely

necessary for this purpose ; but with such auxiliaries it would be
easy to construct optical combinations, by which the defective

rays in the spectra of all the fixed stars down to the tenth mag-
nitude might be observed, and by which we might study the

effects of the very combustion which lights up the suns of other

systems."

Brewster's words are almost prophetic, and it would almost

appear as if he unknowingly held the key to the elucidation of

the spectrum lines, for it was not until 1859 that Kirchhoff's

discovery of the true origin of the dark lines was made.

Fraunhofer was the first to observe the spectra of the planets-

and the stars, and to notice the different types of stellar spectra.

In 181 7 he recorded the spectrum ofVenus and Sirius, and later,

in 1823, he described the spectrum of Mars ; also Castor,

Pollux, Capella, Betelgeux and Procyon.

Fraunhofer, Lamont, Donati, Brewster, Stokes, Gladstone

and others carried on their researches at a time when the prin-

ciples of spectrum analysis were unknown, but immediately upon
Kirchhoft's discovery great interest was awakened.

With spectrum analysis thus established, aided as it was later

by the greater development of photography, the new astronomy

was firmly established.
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The memorable results arrived at by Kirchhoflf were no sooner

published than they were accepted without dissent. The works

of Stokes, Foucault and Angstrom at that period were all sug-

Iive of the truth, but do not mark an epoch of discovery.

Astronomical spectroscopy divided itself naturally into two

ain branches, the one of the sun, the other of the stars, each

having its many offshoots. I shall just mention a few points re-

lating to each. The dark lines in the solar spectrum had already

been mapped by Fraunhofer, and now it only needed better

instruments and the application of laboratory spectra with Kirch

-

hoff's principle to advance this work still further.

Fraunhofer had already pointed out the way in using gratings,

and these were further improved by Nobert and Rutherfurd.

Kirchhoff's Map of the Solar Spectrum, published in 1861-62,

was the most complete up to that time ; but the scale of refer-

ence adopted by him was an arbitrary one, so that it was not

long before this was improved upon. Angstrom published in

I S68 his map of the "Normal Solar Spectrum," adopting the

niUural scale of wave-lengths for reference, and this remained in

use until quite recent times.

The increased accuracy in the ruling of gratings by Rutherfurd

materially improved the efficiency of the solar spectroscope, but

it was not until Prof. Rowland's invention of the concave

grating that this work gained any decisive impetus. The maps
(first published in 1885) and tables (published in the years

1896-98) of the lines of the solar spectrum are now almost uni-

versally accepted and adopted as a standard of reference. These
tables alone record about 10,000 lines in the spectrum of the

sun, which is in marked contrast to the number 7 recorded by
Wollaston at the beginning of the century (1802). Good work
in the production of maps has also been done in this country by
Higgs.

Michelson has also recently invented a new form of spectro-

scope called the "Echelon" {Ast. Phys. Journ., vol. viii.

1898, p. 37), in which a grating with a relatively small number
of lines is employed, the dispersion necessary for modern work
being obtained by using a high order (say the hundredth) into

which most of the light has been concentrated.

Besides lines recorded in the visual and ultra-violet portions

of the solar spectrum, maps have been made of the lines in the

infra-red, the most important being that of Langley's, published

in 1894, prepared by the use of his "bolometer." Good work
had, however, been done in this direction previously by
Becquerel, Lamansky and Abney ; the last, indeed, succeeded

even in photographing a part of it.

The recording of the Fraunhofer lines in the solar spectrum is

not all, however. The application of the spectroscope to the

sun has several epoch-marking events attached to it, notably

those of proving the solar character of the prominences and
corona, the rendering visible of the prominences without the aid

of an eclipse by the discovery of Lockyer and Janssen in 1868,

the photography of the prominences both round the limb and
those projected on the solar disc by the invention of the spectra-

heliograph by Hale and Deslandres in 1890.

Success has not yet favoured the many attempts to photograph
the corona without an eclipse by spectroscopic means ; but even
now this problem is being attacked by Deslandres with the

employment of the calorific rays.

Spectroscopic work on the sun has led to the discovery of

many hundreds of dark lines, the counterparts of which it has

not yet been possible to produce on the earth.

But besides those unknown substances which reveal their

presence by dark lines, there were two others discovered, which
>howed themselves only by bright lines, the one in the chromo-
phere, to which the name of Helium was given, and the

)ther in the corona, to which the name of Coronium was
applied.

The former was, however, identified terrestrially by Ramsay
in 1895, though the latter is still undetermined. The revision

t its wave-length, brought about by the observations of the

clipse of 1898, may, however, result in this element being

uansferred from the unknown to the known in the near future.

The study of stellar spectra was taken up by Huggins,
Rutherfurd and Secchi. Rutherfurd {Am. Journ., vol. xxxv.

1862, p. 77) published in 1862 his results upon a number of

stars, and suggested a rough classification of the white and
yellow stars ; but Secchi deserves the high credit of introducing

the first systematic differentiation of the stars according to

their spectra, he having begun a spectroscopic survey of the

heavens for the purposes of classification {Comptes retidus.
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t. Ivii. 1853), whilst Huggins devoted himself to the thorough
analysis of the spectra of a few stars.

The introduction of photography marks another epoch in the
study of stellar spectra. Sir William Huggins applied photo-
graphy as early as 1863 (Phil. Trans., 1864, p. 428), and
secured an impression of the spectrum of Sirius, but nearly
another decade ejapsed before Prof. H. Draper (Am. Journ. of
Soc. and Arts, vol. xviii. 1879, p. 421) took a photograph of
the spectrum of Vega in 1872, which was the first to record any
lines. With the introduction of dry plates this branch of the
new astronomy received another impetus, and the catalogues of
stellar spectra have now become numerous. Among them may
be mentioned those of Harvard College, Potsdam, Lockyer,
McClean and Huggins. The Draper Catalogue (Annals
Hatvard Coll., vol. xxvii. 1890) of the Harvard College, which
is a spectroscopic Durchmusterung, alone contains the spectra
of 10,351 stars down to the 7-8 magnitudes, and this has
further been extended by work at Arequipa, whilst Vogel and
Miiller of Potsdam [Astro-Pkys. Obs. zu Potsdam, vol. iii.

1882-83) made a spectroscopic survey of the stars down to the
7*5 magnitude between - 1° and -f 20° declination. This has
again been supplemented by Scheiner {ibid., vol. vii. 1895 =

" Untersuchungen liber die Spectra der helleren Sterne"), and
by Vogel and Wilsing {ibid., vol. xii. 1899 : " Untersuchungen
iiber die Spectra von 528 Sternen "). Lockyer {Phil. Trans.,
vol. clxxxiv. A, 1893) in 1892 published a series of large-

scale photographs of the brighter stars, and more recently

McCiean {Phil. Trans., vol. cxci. A, 1898) has completed a
spectroscopic survey of the stars of both hemispheres down to

the 1% magnitude. For the study and investigation of special

types of stars, the researches of Duner on the red stars, made at

Upsala, and those of Keeler and Campbell on the bright-line

stars, made at the Lick Observatory, deserve mention. For the

study of stellar spectra the use of prisms in slit or objective-

prism spectroscopes has predominated, though more recently

the use of specially ruled gratings has been attended by some
degree of success at the Yerkes Observatory.

Several new stars have also been discovered by their spectra

by Pickering in his routine work of charting the spectra of the

stars in different portions of the sky. The photographic plate

containing their peculiar spectra was, however, not examined
in many cases until the star had died down again.

Spectrum analysis also opened up another field of inquiry,

viz. that of the motion of the stars in the line of sight, based on
the process of reasoning due to Doppler, and accordingly named
Doppler's Principle ("Ueber das farbige Licht der Doppel-
sterne," . . . Abhandl. der K. Bohmischen Ges. d. IViss. V.
Folge, 2 Bd. 1843.)
The observatories of Greenwich and Potsdam were among

the first to apply this to the stars, and more recently Campbell
at Lick, Newall at Cambridge, and Belopolsky at Pulkowa have
made use of the same principle with enormous success.

It was also discovered that there are certain classes of stars

having a large component velocity in the line of sight, which
changes its direction from time to time, and in many such cases

orbital motion has been proven, as in the case of Algol.

Another class of binary stars has also been discovered spectro-

scopically and explained by Doppler's principle. I refer to the

stars known as spectroscopic binaries, in which the spectrum

lines of one luminous source reciprocate over those from the

other source of light, according as one is moving towards or

away from the earth. This displacement of the spectrum lines

led to the discovery of the duplicity of /3 Aurigse, and C Urs^e

Majoris by Pickering {Am. Jour. [3], 39, p. 46, 1890).

Several other such stars have now been detected, notably

/3 Lyrre, and lastly Capella, discovered independently by

Campbell {Astro- Phys. Jour., vol. x. p. 177) at Lick, and

Newall {Monthly Notices, vol. Ix. p. 2, 1899) at Cambridge.

The progress of the new astronomy is so closely bound up

with that of photography that I shall briefly call to mind some

of the many achievements in which photography has aided the

astronomer.
Daguerre's invention in 1839 was almost immediately tried

with the sun and moon, J. W. Draper and the two Bonds in

America, Warren de la Rue in this country, and Foucault and

Fizeau in France, being among the pioneers of celestial photo-

graphy ; but no real progress seems to have been made until

after the introduction of the collodion process. Sir John
Herschel in 1847 suggested the daily self-registration of the

sun-spots to supersede drawings ; and in 1857 the De la Rue
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photo-heliograph was installed at Kew. From 1858-72 a daily

record was maintained by the Kew photo-heliograph, when the

work was discontinued. Since 1873 the Kew series has been

continued at Greenwich, and is supplemented by pictures

from Dehra D(in in India and from Mauritius. The standard

size of the sun's disc on these photographs has now been for

many years 8 inches, though for some time a 12-inch series was

kept up.

The first recorded endeavour to employ photography for

eclipse work dates back to 185 1, when Berowsky obtained a

daguerreotype of the solar prominences during the total eclipse.

From that date nearly every total eclipse of the sun has been

studied by the aid of photography.

In i860 the first regularly planned attack on the problem by

means of photography was made, when De la Rue and Secchi

successfully photographed the prominences and traces of the

corona, but it was not until 1869 that Prof. Stephen Alexander

obtained the first good photograph of the corona,

In recent years, from 1893 ""^^11 the total eclipse which

occurred last May, photography has been employed to secure

large-scale pictures of the corona. These were inaugurated in

1893 by Prof. Schaeberle, who secured a 4-inch picture of the

eclipsed sun in Chili : these have been exceeded by Prof.

Langley, who obtained a 15-inch picture of the corona in North
Carolina during the eclipse of May 1900.

Photography also supplied the key to the question of the

prominences and corona being solar appendages, for pictures of

the eclipse sun taken in Spain in i860 terminated this dispute

with regard to the prominences, and finally to the corona in

1871.

In 1875, in addition to photographing the corona, attempts

were made to photograph its spectrum, and at every eclipse

since then the sensitised plate has been used to record both the

spectrum of the chromosphere and the corona. The spectrum

of the lower layers of the chromosphere were first successfully

photographed during the total eclipse of 1896 in Nova Zembla
by Mr. Shackleton, though seen by Young as early as 1870, and
a new value was given to the wave-length of the coronal line

(wrongly mapped by Young in 1869) from photographs taken by
Mr. Fowler during the eclipse of 1898 (India).

Lunar photography has occupied the attention of various

physicists from time to time, and when Daguerre's process was
first enunciated, Arago proposed that the lunar surface should

be studied by means of the photographically produced images.

In 1840 Dr. Draper succeeded in impressing a daguerreotype

plate with a lunar image by the aid of a 5-inch refractor. The
earliest lunar photographs, however, shown in England were
due to Prof Bond, of the United States. These he exhibited at

the Great Exhibition in 1851. Dancer, the optician, of Man-
chester, was, perhaps, the first Englishman who secured lunar

images, but they were of small size (Abney, " Photography").
Another skilful observer was Crookes, who obtained images of

2 inches diameter, with an 8-inch refractor of the Liverpool

Observatory. In 1852 De la Rue began experimenting in lunar

photography. He employed a reflector of some 10 feet focal

length and about 13 inches diameter. A very complete account

of his methods is given in a paper read before the British Asso-

ciation. Mr. Rutherfurd at a later date having tried an ii^-inch

refractor, and also a 13-inch reflector, finally constructed a
photographic refracting telescope, and produced some of the

finest pictures of the moon that were ever taken until recent

years. Also Henry Draper's picture of the moon taken

Sept. 3, 1863, remained unsurpassed for a quarter of a century.

Admirable photographs of the lunar surface have been pub-

lished in recent years by the Lick Observatory and others. I

myself devoted considerable attention to this subject at one
time ; but only those surpassing anything before attempted have
been published in 1896-99 by MM. Loewy and Puiseux, taken
with the Equatorial Coude of the Paris Observatory,

Star prints were first secured at Harvard College, under the

direction of W. C. Bond, in 1850 ; and his son, G. P. Bond,
made in 1857 a most promising start with double-star measure-
ments on sensitive plates, his subject being the well-known pair

in the tail of the Great Bear. The competence- of the photo-
graphic method to meet the stringent requirements of exact

astronomy was still more decisively shown in 1866 by Dr.

Gould's determination from his plates of nearly fifty stars in the

Pleiades. Their comparison with Bessel's places for the same
objects proved that the lapse of a score of years had made no
difference in the configuration of that immemorial cluster ; and
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Prof. Jacoby's recent measures of Rutherfurd's photographs
taken in 1872 and 1874 enforce the same conclusion.
The above facts are so forcible that no wonder that at the

Astrophotographic Congress held in Paris in 1887 it was
decided to make a photographic survey of the heavens, and now
eighteen photographic telescopes of 13 inches aperture are in
operation in various parts of the world, for the purpose of pre-
paring the international astrographic chart, and it was hoped
that the catalogue plates would be completed by 1900.

Photography has been applied so assiduously to the discovery of
minor planets that something like 450 are now known, the most
noteworthy, perhaps, as regards utility being the discovery of
Eros (433) in 1898 by Herr Witt at the Observatory Urania,
near Berlin.

With regard to the application of photography to recording
the form of various nebulae, it is interesting to quote a passage
from Dick's "Practical Astronomer," published in 1845, as
opposed to Herschel's opinion that the photography of a nebula
would never be possible.
" It might, perhaps, be considered as beyond the bounds of

probability to expect that even the distant nebuloe might thus be
fixed, and a delineation of their objects produced, which shall
be capable of being magnified by microscopes. But we ought
to consider that the art is only in its infancy, and that plates of
a more delicate nature than those hitherto used may yet be pre-
pared, and that other properties of light may yet be discovered,
which shall facilitate such designs. For we ought now to set no
boundaries to the discoveries of science, and to the practical
applications of scientific discovery, which genius and art may
accomplish."

It was not, however, until 1880 that Draper first photo-
graphed the Orion Nebula, and later by three years I succeeded
in doing the same thing with an exposure of only thirty-seven
minutes. In December 1885 the brothers Henry by the aid of
photography found that the Pleiades were involved in a nebula,
part of which, however, had been seen by myself {Monthly
Notices, vol. xl. p. 376) with my 3-foot reflector in February
1880, and later, February 1886 ; it was also partly discerned at

Pulkowa with the 30-inch refractor then newly erected.

Still more nebulosity was shown by Dr. Roberts's photo-
graphs {ibid., vol. xlvii. p. 24), taken with his 20-inch reflector

in October and December 1886, when the whole western side
of the group was shown to be involved in a vast nebula, whilst

a later photograph taken by MM. Henry early in 1888 showed
that practically the whole of the group was a shoal of nebulous
matter.

In 1 88 1 Draper and Janssen recorded the comet of that year
by photography.

Huggins {Proc. Roy. Soc, vol. xxxii. No. 213) succeeded
in photographing a part of the spectrum of the same object
(Tebbutt's Comet 1 881, II.) on June 24, and the Fraunhofer
lines were amongst the photographic impressions, thus demon-
strating that at least a part of the continuous spectrum is due
to reflected sunlight. He also secured a similar result from
Comet Wells {Bnt. Assoc. Report, 1882, p. 442).

I propose to consider the question of the telescope on the
following lines : (i) The refractor and reflector from their in-

ception to their present state. (2) The various modifications

and improvements that have been made in mounting these in-

struments, and (3) the instrument that has lately been introduced
by a combination of the two, refractor and reflector, a striking

example of which exists now at the Paris Exhibition.

At a meeting of the British Association held nearly half a
century ago (1852) (Belfast) Sir David Brewster showed a plate

of rock crystal worked in the form of a lens which had been
recently found in Nineveh. Sir David Brewster asserted that

this lens had been destined for optical purposes, and that it never
was a dress ornament.

That the ancients were acquainted with the powers of a mag-
nifying lens may be inferred from the delicacy and minuteness
of the incised work on their seals and intaglios, which could only
have been done by an eye aided by a lens of some sort.

There is, how ever, no direct evidence that the ancients were
really acquainted with the refracting telescope, though Aristotle

speaks of the tubes through which the ancients observed distant

objects, and compares their effect to that of a well from the

bottom of which the stars may be seen in daylight (" De Gen.
Animalium," lib. v.) As an historical fact without any equivo

cations, however, there is no serious doubt that the telescope

was invented in Holland.
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The honour of being the originator has been claimed for three

men, each of whom has had his partisans. Their names are

Metius, Lippershey and Janssen.

Galileo himself says that it was through hearing that some
one in France or Holland had made an instrument which
magnified distant objects that he was led to inquire how such a

result could be obtained.

The first publisher of a result or discovery, supposing such
discovery to be honestly his own, ranks as the first inventor,

and there is little doubt that Galileo was the first to show the

world how to make a telescope (Newcomb's " Astronomy,"
p. 108). His first telescope was made whilst on a visit to

\'enice, and he there exhibited a telescope viagnifyiiig three

times : this was in May 1609. Later telescopes which emanated
from the hands of Galileo magnified successively four, seven
and thirty times. This latter number he never exceeded.

Greater magnifying power was not attained until Kepler
explained the theory and some of the advantages of a telescope

I
ide of two convex lenses in his "Catoptrics" (161 1). The first

rson to actually apply this to the telescope was Father
heiner, who describes it in his " Rosa Ursina" (1630), and Wm,
iscoigne was the first to appreciate practically the chief advan-

ces by his invention of the micrometer and application of

tescopic sights to instruments of precision.

It was, however, not until about the middle of the seventeenth
century that Kepler's telescope came to be nearly universal, and
then chiefly because its field of view exceeded that of the

Galilean.

The first powerful telescopes were made by Huyghens, and
with one of these he discovered Titan (Saturn's brightest

satellite) : his telescopes magnified from forty-eight to ninety-two
times, were about 23 inches aperture, with focal lengths ranging

from 12 to 23 feet. By the aid of these he gave the first

explanation of Saturn's ring, which he published in 1659.
Huyghens also states that he made object-glasses of 170 feet

and 210 feet focal length ; also one 300 feet long, but which
magnified only 600 times ; he also presented one of 123 feet to

the Royal Society of London.
Auzout states that the best telescopes of Campani at Rome

magnified 150 times,fand were of 17 feet focal length. He him-
self is said to have made telescopes of from 300 to 600 feet focus,

but it is improbable that they were ever put to practical use.

Cassini discovered Saturn's fifth satellite (Rhea) in 1672, with a
telescope made by Campani, magnifying about 150 times, whilst

later, in 1684, he added the third and fourth satellites of the
same planet to the list of his discoveries.

Although these telescopes were unwieldy, Bradley, with his

usual persistency, actually determined the diameter of Venus in

1722 with a telescope of 212 feet focal length.

With such cumbersome instruments many devices were
invented of pointing these aerial telescopes, as they were termed,
to various parts of the sky. Huyghens contrived some ingenious
arrangements for this purpose, and also for adjusting and centre-
ing the eye-piece, the object-glass and eye-piece being connected
by a long braced rod.

It was not, however, until DoUand's invention of the achro-
matic object-glass in 1757-58 that the refracting telescope was
materially improved, and even then the difiSculty of obtaining
large blocks of glass free from strire limited the telescope as
regards aperture, for even at the date of Airy's report we have
seen that 12 inches was about the maximum aperture for an
object-glass.

The work of improving glass dates back to 1784, when
Guinand began experimenting with the manufacture of optical
flint glass.

He conveyed his secrets to the firm of Fraunhofer and
Utzschneider, whom he joined in 1805, and during the period
he was there they made the 96 inches object-glass for the
Dorpat telescope.

Merz and Madler, the successors of Fraunhofer, carried out
successfully the methods handed down to them by Guinand and
Fraunhofer.

Guinand communicated his secrets to his family before his

death in 1823, and they entered into partnership with Bontemps.
The latter afterwards joined the firm of Chance Bros., of Bir-
mingham, and so some of Guinand's work came to England.
At the present day MM. Feil, of Paris, who are direct de-

scendants of Guinand and Messrs. Chance Bros., of Birming-
ham, are the best known manufacturers of large discs of _ optical

glass.

It is related in history that Ptolemy Euergetes had caused
to be erected on a lighthouse at Alexandria a piece of apparatus

for discovering vessels a long way off ; it has also been main-
tained that the instrument cited was a concave reflecting mirror,

and it is possible to observe with the naked eye images formed
by a concave mirror, and that such images are very bright.

Also the Romans were well acquainted with the concentrating

power of concave mirrors, using them as burning mirrors, as

they were called. The first application of an eye lens to the

image formed by reflection from a concave mirror appears to

have been made by Father Zucchi, an Italian Jesuit. His work
was published in 1652, though it appears he employed such an
instrument as early as 161 6. The priority, however, of de-

scribing, if not making, a practical reflecting telescope belongs

to Gregory, who, in his "Optica Promota," 1663, discusses the

forms of images of objects produced by mirrors. He was well

aware of the failure of all attempts to perfect telescopes by using

lenses of various curvature, and proposed the form of reflecting

telescope which bears his name.
Newton, however, was the first to construct a reflecting tele-

scope, and with it he could see Jupiter's .satellites, &c. En-
couraged by this, he made another of 6^ inches focal length,

which magnified thirty-eight times, and this he presented to the

Royal Society on the day of his election to the Society in 167 1.

To Newton we owe also the idea of employing pitch, used in

the working of the surfaces.

A third form of telescope was invented by Cassegrain in

1672. He substituted a small convex mirror for the concave
mirror in Gregory's form, and thiis rendered the telescope a
little shorter.

Short also, from 1730-68, displayed uncommon ability in the

manufacture of reflecting telescopes, and succeeded in giving

true parabolic and elliptic figures to his specula, besides obtain-

ing a high degree of polish upon them. In Short's first tele-

scopes the specula were of glass, as suggested by Gregory ; but

it was not until after Liebig's discovery of the process of de-

positing a film of metallic silver upon a glass surface from a salt

in solution that glass specula became almost universal, and thus

replaced the metallic ones of earlier times.

Shortly after the announcement of Liebig's discovery Stein-

heil '\Gaz. Univ. d''Augsburg, March 24, 1856)—and later,

independently, Foucault {Comptes rend., vol. xliv. February

1857)—proposed to employ glass for the specula of telescopes,

and, as is well.known, this is done in all the large reflectors of

to-day.

I now propose to deal with the various steps in the develop-

ment of the telescope, which have resulted in the three forms

that I take as examples of the highest development at the

present time. These are the Yerkes telescope at Chicago, my
own 5-foot reflector, and the telescope recently erected at the

Paris Exhibition, dealing not only with the mountings, but

with the principles of construction of each. When the tele-

scope was first used all could be seen by holding it in the hand.

As the magnifying power increased, some kind of support would
become absolutely necessary, and this would take the form of

the altitude and azimuth stand, and the motion of the heavenly

bodies would doubtless suggest the parallactic or equatorial

movement, by which the telescope followed the object by one
movement of an axis placed parallel to the pole. This did not

come, however, immediately. The long focus telescopes of

which I have spoken were sometimes used with a tube, but

more often the object-glass was mounted in a long cell and
suspended from the top of a pole, at the right height to be in a
line between che observer and the object to be looked at ; and it

was so arranged that by means of a cord it could be brought
into a fairly correct position. Notwithstanding the extreme
awkwardness of this arrangement, most excellent observations

were made in the seventeenth century by the users of these

telescopes. Then the achromatic telescope was invented and
mechanical mountings were used, with circles for finding posi-

tions, much as we have them now. I have already mentioned
the rivalry between the English and German forms of mount-
ings, and Airy's preference for the English form. The general

feeling amongst astronomers has, however, been largely in

favour of the German mounting for refractors, due, no doubt,

to a great extent, to the enormous advance in engineering skill.

We have many examples of this form of mounting. A list of

the principal large refracting and reflecting telescopes now
existing is given at the end of this paper. All the refractors in

this list, with the exception of the Paris telescope of 50 inches.
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and the Greenwich telescope of 28 inches, are mounted on the

German form. Some of these carry a reflector as well, as, for

instance, the telescope lately presented to the Greenwich Obser-

vatory by Sir Henry Thompson, which, in addition to a 26-inch

refractor, carries a 30-inch reflector at the other end of the

declination axis, such as had been previously used by Sir

William Huggins and Dr. Roberts ; the last, and perhaps the

finest, example of the German form being the Yerkes telescope

at Chicago.
The small reflector made by Sir Isaac Newton, probably the

first ever made, and now at the Royal Society, is mounted on a

ball, gripped by two curved pieces, attached to the body of the

telescope, which allows the telescope to be pointed in any direc-

tion. We have not much information as to the mounting of

early reflectors. Sir William Herschel mounted his 4-foot tele-

scope on a rough but admirably-planned open-work mounting,

capable of being turned round, and with means to tilt the tele-

scope to any required angle. This form was not very suitable

for picking up objects or determining their position, except

indirectly ; but for the way it was used by Sir William Herschel

it was most admirably adapted : the telescope being elevated to

the required angle, it was left in that position, and became
practically a transit instrument. All the objects passing through

the field of view (which was of considerable extent, as the eye-

piece could be moved in declination) were observed, and their

places in time and declination noted, so that the positions of all

these objects in the zone observed were obtained with a con-

siderable degree of accuracy. It was on this plan that Sir John
Herschel made his general catalogue of nebulae, embracing all

the nebulae he could see in both hemispheres ; a complete work
by one man that is almost unique in the history of astronomy.

Sir William Herschel's mounting of his 4-foot reflector differs

in almost every particular from the mountings of the long focus

telescopes we have just spoken of. The object-glass was at a

height, the reflector was close to the ground. There was a tube

to one telescope, but not to the other. The observer in one
case stood on the ground, in the other he was on a stage at a

considerable elevation. One pole sufficed with a cord for one

;

a whole mass of poles, wheels, pulleys and ropes surrounded

the other. In one respect only were they alike—they both did

fine work.
Lassell seems to have been the first to mount a reflector

equatorially. He, like Herschel, made a 4-foot telescope, and
this he mounted in this way. Lord Rosse mounted his tele-

scopes somewhat after the manner of Sir William Herschel.

The present Earl has mounted a 3-foot equatorially.

A 4-foot telescope was made by Thomas Grubb for Melbourne,
and this he mounted on the German plan. The telescope being

a Cassegrain, the observer is practically on the ground level.

A somewhat similar instrument exists at the Paris Observatory.

Lassell's 4-foot was mounted in what is called a fork mounting,

as is also my own 5-foot reflector, and this in some ways seems
well adapted for reflectors of the Newtonian kind.

We now come to the Paris telescope. This is really the

result of the combination of a reflector and a refractor. I can-

not say when a plane mirror was first used to direct the light

into a telescope for astronomical purposes. It seems first to

have been suggested by Hooke, who, at a meeting of the Royal
Society, when the difficulty of mounting the long focus lenses of

Huyghens was under discussion, pointed out that all difficulties

would be done away with if, instead of giving movement to the

huge telescope itself, a plane mirror were made to move in front

of it (Lockyer, "Star-gazing," p. 453).
The Earl of Crawford, then Lord Lindsay, used a heliostat to

direct the rays from the sun, on the occasion of the transit of

Venus, through a lens of 40 feet focal length, in order to obtain

photographs, and it was also largely used by the American
observers on the same occasion.

Monsieur Loewy at Paris proposed in 1871 a most ingenious
telescope made by a combination of two plane mirrors and an
achromatic object-glass, which he calls a Coude telescope, which
has some most important advantages. Chief amongst these are

that the observer sits in perfect comfort at the upper end of the

polar axis, whence he need not move, and by suitable arrange-
ments he can direct the telescope to any part of the visible

heavens. Several have been made in France, including a large

one of 24 inches aperture, erected at the Paris Observatory, and
which has already made its mark by the production of perhaps
the best photographs of the moon yet obtained. I have already
spoken of Lord Lindsay and his 40-foot telescope, fed, as it were,
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with light from a heliostat. This is exactly the plan that has-

been followed in the design of the large telescope in the Paris-

Exhibition. But in place of a lens of 4 inches aperture and a
heliostat a few inches larger, the Paris telescope has a plane
mirror of 6 feet and a lens exceeding 4 feet in diameter, with a'

focal length of 186 feet. The cost of a mounting on the German^
plan and of a dome to shelter such an instrument would have
been enormous. The form chosen is at once the best and
cheapest. One of the great disadvantages is that from the nature

of things it cannot take in the whole of the heavens. The helio-

stat form of mounting of the plane mirror causes a rotation of the

image in the field of view which in many lines of research is a.

strong objection. There is much to be said on the other side.

The dome is dispensed with, the tube, the equatorial mountingj^

and the rising floor are not wanted. The mechanical arrange-

ments of importance are confined to the mounting of the neces-

sary machinery to carry the large plane mirror and move it

round at the proper rate. The telescope need not have any
tube (that to the Paris telescope is, of course, only placed there

for effect), as the flimsiest covering is enough if it excludes false

light falling on the eye-end ; and, more important than all, the

observer sits at his ease in the dark chamber. This question of

the observer, and the conditions under which he observes, is a

most important one as regards both the quality and quantity of

the work done.

We have watched the astronomer, first observing from the

floor level, then mounted on a high scaffold like Sir William
Herschel, Lassell and Lord Rosse; then, starting again fron>

the floor level and using the early achromatic telescope ; then,

as these grew in size, climbing up on observing chairs to suit the

various positions of the eye-end of the telescope, as we see ir>

Mr. Newall's great telescope ; then brought to the floor again

by that excellent device of Sir Howard Grubb, the rising floor.

This is in use with the Lick and the Yerkes telescopes, where
the observer is practically always on the floor level, though
constant attention is needed, and the circular motion has to be
provided for by constant movement, to say nothing of the danger

of the floor going wrong. Then we have the ideal condition, as

in the Equatorial Coude at the Paris Observatory, where the

observer sits comfortably sheltered and looks down the tele-

scope, and from this position can survey the whole of the visible

heavens. The comfort of the observer is a most important

matter, especially for the long exposures that are given to photo-

graphic plates, as well as for continued visual work. In such a

form of telescope as that at Paris the heliostat form of mounting
the plane mirror is most suitable, notwithstanding the rotation

of the image. But there is another way in which a plane mirror

can be mounted, and that is on the plan first proposed by
Auguste many years ago, and lately brought forward again by
Mons. Lippman, of Paris, and that is by simply mounting the

plane mirror on a polar axis and parallel therewith, and causing

this mirror to rotate at half the speed of the earth's rotation.

Any part of the heavens seen by any person reflected from this

mirror will appear to be fixed in space, and not partake of the

apparent movement of the earth, so long as the mirror is kept

moving at this rate. A telescope, therefore, directed to such a
mirror can observe any heavenly body as if it were in an
absolutely fixed position so long as the angle of the mirror shall

not be such as to make the reflected beam less than will fill the

object-glass. There is one disadvantage in the coelostat, as this

instrument is called, and that is its suitability only for regions

near the equator. The range above and below, however, is large

enough to include the greater portion of the heavens, and that

portion in which the solar system is included. Here the tele-

scope must be moved in azimuth for different portions of the sky,

as is fully explained by Prof. Turner in vol. Ivi. of the Monthly
Notices, and it therefore becomes necessary to provide for moving
the telescope in azimuth from time to time as different zones

above or below the equator are observed. No instrument yet

devised is suitable for all kinds of work, but this form, notwith-

standing its defects, has so many and such important advantages

that I think it will obviate the necessity of building any larger

refractors on the usual models. The cost of producing a tele-

scope much larger than the Yerkes on that model, in comparison

with what could be done on the plan I now advocate, renders it

most improbable that further money will be spent in that way.

It may be asked. What are the lines of research which could be
taken up by a telescope of this construction, and on what lines

should the telescope be built ? I will endeavour to answer this.

All the work that is usually done by an astronomical telescope.
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excepting very long-continued observations, can be equally wei'

done by the fixed telescope. But there are some special lines

for which this form of research is admirably suited, such as

photographs of the moon, which would be possible with a
reflecting mirror of, say, 200 feet focal length, giving an image
of some 2 feet diameter in a primary focus, or a larger image
might be obtained either by a longer focus mirror or by a com-
bination. It might even be worth while to build a special

coelostat for lunar photography, provided with an adjustment to

the polar axis and a method of regulating the rate of clock to

correct the irregular motion of the moon, and thus obtain
absolutely fixed images on the photographic plate.

The advantage of large primary images in photography is now
fully recognised. For all other kinds of astronomical photo-
graphy a fixed telescope is admirably adapted ; and so with all

spectroscopic investigations, a little consideration will show that

the conditions under which these investigations can be pursued
are almost ideal. As to the actual form such a construction

would take, we can easily imagine it. The large mirror mounted
as a ccelostat in the centre ; circular tracts round this centre, on
which a fan-shaped house can be travelled round to any azimuth,
containing all the necessary apparatus for utilising the light from
the large plane mirror, so as to be easily moved round to the

required position in azimuth for observation. In place of a fan-

shaped house movable round the plane mirror, a permanent
house might encircle the greater portion round the mirror, and
in this house the telescope or whatever optical combination is

used might be arranged on an open framework, supported on
similar rails, so as to run round to any azimuth required. Th°
simplicity of the arrangement and the enormous saving in cost

would allow in any well-equipped observatory the use of a

special instrument for special work. The French telescope has

a mirror about 6 feet in diameter and a lens of about 4 feet.

This is a great step in advance over the Yerkes telescope, and
it may be some time before the glass for a lens greater than

50 inches diameter will be made, as the difficulty in making
optical glass is undoubtedly very great. But with the plane
mirror there will be no such difficulty, as 6 feet has already been
made ; and so with a concave mirror there would be little

difficulty in beginning with 6 feet or 7 feet. The way in which
the mirror would be used, always hanging in a band, is the

most favourable condition for good work, and the absence of

motion during an observation, except of course that of the plane
mirror (which could be given by floating the polar axis and
suitable mechanical arrangements, a motion of almost perfect

regularity).

One extremely important thing in using silver or glass mirrors

is the matter of resilvering from time to time. Up to quite

recently the silvering of my 5-foot mirror was a long, uncertain,

and expensive process. Now we have a method of silvering

mirrors that is certain, quick, and cheap. This takes away the

one great disability from the silver or glass reflecting telescope,

as the surface of silver can now be renewed with greater ease

and in less time than the lenses of a large refracting telescope

could be taken out and cleaned. It may be that we shall revert

to speculum metal for our mirrors, or use some other deposited

metal on glass ; but even as it is we have the silvered glass

reflector, which at once allows an enormous advance in power.
To do justice to any large telescope it should be erected in a
position, as regards climate, where the conditions are as favour-

able as possible.

The invention of the telescope is to me the most beautiful

ever made. Familiarity both in making and in using has only
increased my admiration. With the exception of the micro-

phone of the late Prof. Hughes, which enabled one to hear
otherwise inaudible sounds, sight is the only sense that we have
been able to enormously increase in range. The telescope

enables one to see distant objects as if they were at, say, one-
five-thousandth part of their distance, while the microscope
renders visible objects so small as to be almost incredible. In

order to appreciate better what optical aid does for the sense of

sight, we can imagine the size of an eye, and therefore of a man,
capable of seeing in a natural way what the ordinary eye sees

by the aid of a large telescope, and, on the other hand, the size

of a man and his eye that could see plainly small objects as we
see them under a powerful microscope. The man in the first

case would be several miles in height, and in the latter he would
not exceed a very small fraction of an inch in height.

Photography also comes in as a further aid to the telescope,
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as it may possibly be to the microscope. For a certain amount
of light is necessary to produce sensation in the eye. If this-

light is insufficient nothing is seen ; but owing to the accumula-
tive effect of light on the photographic plate, photographs can
be taken of objects otherwise invisible, as I pointed out years

ago, for in photographs I took in 1883 stars were shown on
photographic plates that I could not see in the telescope. All

photographs, when closely examined, are made up of a certain,

number of little dots, as it were, in the nature of stippling, and
it is a very interesting point to consider the relation of the size

and separation of these dots that form the image, and the rods^

and cones of the reckoner which determines the power of the

eye.

Many years ago I tried to determine this question. I first

took a photograph of the moon with a telescope of very short

focus (as near as I could get it to the focus of the eye itself,

which is about half an inch). The resulting photograph
measured one two-hundredth of an inch in diameter, and when,
examined again with a microscope showed a fair amount of

detail, in fact, very much as we see the moon with the naked
eye ; making a picture of the moon by hand on such a scale

that each separate dot of which it was made corresponded with
each separate sensitive point of the retina employed when view-

ing the moon without optical aid, I found, on looking at this

picture at the proper distance, that it looked exactly like a real

moon. In this case the distance of the dots was constant,

making them larger or smaller forming the light or shade of the
picture.

I did not complete these experiments, but as far as I went I
thought that there was good reason to believe that we could ia
this way increase the defining power of the eye. It is a subject

well worthy of further consideration.

I know that in this imperfect and necessarily brief address 1
have been obliged to omit the names of many workers, but I

cannot conclude without alluding to the part that this Associa-

tion has played in fostering and aiding Astronomy. A glance

through the list of money grants shows that the help has been
most liberal. In my youth I recollect the great value that was
put on the British Association Catalogue of Stars ; we know the

help that was given in its early days to the Kew Observatory ;.

and the Reports of the Association show the great interest that

has always been taken in our work. The formation of a
separate Department of Astronomy is, I hbpe, a pledge that this^

interest will be continued, to the advantage of our science.

List of Large Telescopes in existence in 1900.

Paris (Exhibition)

Yerkes
Lick
Pulkowa .

Nice
Paris

Greenwich
Vienna
Washington, U.S.
Leander, McCormick

Observatory, Vir-

ginia

Greenwich
Newall's, Cambridge.
Cape of Good Hope .

Harvard .

Princeton, N.J., U.S.

Inches

SO
40
36
30
29-9
28-9
28-0

270
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SECTION B.

chemistry.

Opening Address by Prof. W. H. Perkin, jun., Ph.D.,
F.R.S , President of the Section.

The Modern System of Teaching Practical Inorganic Chemistry
and its Development.

In choosing for the subject of my Address to-day the develop-
ment of the teaching of practical inorganic chemistry I do so,
not only on account of the great importance of the subject, but
also because it does not appear that this matter has been brought
before this Section, in the President's Address at all events,
during the last few years.

In dealing generally with the subject of the teaching of
chemistry as a branch of science it may be well in the first place
to consider the value of such teaching as a means of general
education, and to turn our attention for a few minutes to the
development of the teaching of science in schools.

There can be no doubt that there has been great progress in
the teaching of science in schools during the last forty years,
and this is very evident from the perusal of the essay, entitled
*" Education : Intellectual, Moral, and Physical," which Herbert
Spencer wrote in 1859. After giving his reasons for considering
the study of science of primary importance in education, Herbert
Spencer continues: "While what we call civilisation could
never have arisen had it not been for science, science forms
scarcely an appreciable element in our so-called civilised
training."

From this it is apparent that science was not taught to any
appreciable extent in schools at that date, though doubtless in
some few schools occasional lectures were given on such scientific
subjects as physiology, anatomy, astronomy, and mechanics.

Herbert Spencer's pamphlet appears to have had only a very
gradual effect towards the introduction of science into schemes
of education. For many years chemical instruction was only
given in schools at the schoolroom desk, or at the best from the
lecture table, and many of the most modern of schools had no
laboratories.

The first school to give any practical instruction in chemistry
was apparently the City of London School, at which, in the
year 1847, Mr. Hall was appointed teacher of chemistry, and
there he continued tp teach until 1869.1 Besides the lecture
theatre and a room for storing apparatus, Mr. Hall's department
contained a long room, or rather passage, leading into the
lecture theatre, and closed at each end with glass doors. In
this room, which was fitted up as a laboratory, and used prin-
cipally as a preparation room for the lectures, Mr. Hall per-
formed experiments with the few boys who assisted him with his
lectures. As accommodation was at that time strictly limited,
he used to suggest simple experiments and encourage the boys
to carry them out at home, and afterwards he himself would
examine the substances which they had made.

From this small beginning the teaching of chemistry in the
City of London School rapidly developed, and this school now
possesses laboratories which compare favourably with those of
any school in the country.
The Manchester Grammar School appears to have been one

of the first to teach practical chemistry. In connection with
this school a small laboratory was built in 1868 ; this was re-
placed by a larger one in 1872, and the present large labora-
tories, under the charge of Mr. Francis Jones, were opened in
1880.

Dr. Marshall Watts, who was the first science master in this
school, taught practical chemistry along with the theoretical
work from the commencement in 1868.
As laboratories were gradually multiplied it might be sup-

posed that boys were given the opportunity to carry out
experiments which had a close connection with their lecture-
room courses. But the programme of laboratory work which
became all but universal was the preparation of a few gases,
followed by the practice of qualitative analysis. The course
adopted seems to have been largely built up on the best books
of practical chemistry in use in the colleges at that time ; but it

was also, no doubt, largely influenced by the requirements of
the syllabus of the Science and Art Department, which con-

1 Mr A. T. Pollard, M.A., Head Master of the City of London School,
has kindly instituted a search among the bound copies of the boys' terminal
reports, and informs me that in the School form of Terminal Report a head-
ing for Chemistry was introduced in the year 1847, the year of Mr. Hall's
appointment.
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tained a scheme for teaching practical chemistry. 1 Even down
to quite recent times it was in many schools still not considered
essential that boys should have practical instruction in connec-
tion with lectures in chemistry.
A Report issued in 1897 by a special Committee appointed by

AA
^^'^^""^^' Education Board of the London County Council

adduces evidence of this from twenty-five secondary schools in
London, in which there were 3960 boys learning chemistry. Of
these 1698 boys, or 43 per cent., did no practical work what-
ever

; 955 boys, or 24 per cent., did practical work, consisting
of a certain amount of preparation of gases, together with quali-
tative analysis

; but of these latter 743, or 77 per cent., had not
reached the study of the metals in their theoretical work, so
that their testing work can have been of little educational value
It was also found that in the case of 655, or 68 per cent, of the
total number of boys taking practical work, the first introduc-
tion to practical chemistry was through qualitative analysis.

But some years before this Report was issued a movement had
begun which was destined to have a far-reaching effect. A
Report "on the best means for promoting Scientific Education
in Schools" having been presented to the Dundee Meeting of
this Association in 1867, and published in 186S, a Committee of
the British Association was appointed in 1887 "for the purpose
of inquiring and reporting upon the present methods of teaching
chemistry." The well-known Report which this Committee
presented to the Newcastle Meeting in 1889 insisted that it was
worth while to teach chemistry in schools, not so much for the
usefulness of the information imparted as for the special mental
discipline it afforded if the scientific method of investigating
nature were employed. It was argued that " learners should
be put in the attitude of discoverers, and led to make observa-
tions, experiments, and inferences for themselves." And since
there can be little progress without measurement, it was pointed
out that the experimental work would necessarily be largely of
a quantitative character.

Prof. H. E. Armstrong, in a paper read at a conference at
the Health Exhibition five years before this, had foreshadowed
much that was in this Report. He also drew up a detailed
scheme for "a course of elementary instruction in physical
science," which was included in the Report of the Committee,
and it cannot be doubted that this scheme and the labours of
the Committee have had a very marked influence on the develop-
ment of the teaching of practical chemistry in schools. That
this influence has been great will be admitted when it is under-
stood that schemes based on the recommendation of the Com-
mittee are now included in the codes for both Elementary Day
Schools and Evening Continuation Schools. The recent
syllabuses for elementary and advanced courses issued by the
Incorporated Association of Headmasters and by the Oxford
and Cambridge local boards and others are evidently directly
inspired by the ideas .set forth by the Committee.
The Department of Science and Art has also adopted some of

the suggestions of the Committee, and a revised syllabus was
issued by the Department in 1895, in which qualitative analysis
is replaced by quantitative experiments of a simple form, and by
other exercises so framed "as to prevent answers being given
by students who have obtained their information from books or
oral instruction." This was a very considerable advance but it

must be admitted that there is nothing in the syllabus which
encourages, or even suggests, placing the learners in the attitude
of discoverers, and this, in the opinion of tlie Committee of this
Association, is vital if the teaching is to have educational value.
Many criticisms have been passed upon the 1889 Report. It

has been said that life is much too short to allow of each
individual advancing from the known to the unknown, according
to scientific methods, and that even were this not so too severe
a tax is made upon the powers of boys and girls. In answer to
the second point it will be conceded that while it is doubtless
futile to try to teach chemistry to young children, on the other
hand experience has abundantly shown that the average school-
boy of fourteen or fifteen can, with much success, investigate
such problems as were studied in the researches of Black and
Scheele, of Priestley and Cavendish and Lavoisier, and it is

quite remarkable with what interest such young students carry
out this class of work.

It may be well to quote the words which Sir Michael Foster

1 I find, on inquiry, that examinations in the Advanced Stage and
Honours of Practical Chemistry were first held by the Science and Art
Department in 1878, the practical examination being extended to the
Elementary Stage in 1882.
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used in this connection in his admirable Presidential Address to

this Association in 1899. He said :
" The learner may be led

to old truths, even the oldest, in more ways than one. He may
be brought abruptly to a truth in its finished form, coming
straight to it like a thief climbing over a wall ; and the hurry
and press of modern life tempt many to adopt this quicker way.
Or he may be more slowly guided along the path by which the

truth was reached by him who first laid hold of it. It is by this

latter way of learning the truth, and by this alone, that the

learner may hope to catch something at least of the spirit of the

scientific inquirer."

I believe that in the determination of a suitable school course
in experimental science this principle of historical development
is a very valuable guide, although it is not laid down in the 1889
Report of the British Association.

The application of this principle will lead to the study of the

solvent action of water, of crystallisation, and of the separation

of mixtures of solids before the investigation of the composition
of water, and also before the investigation of the phenomena of

combustion. It will lead to the investigation of hydrochloric

acid before chlorine, and especially to the postponement of

atomic and molecular theories, chemical equations, and the laws
of chemical combination, until the student has really sufficient

knowledge to understand how these theories came to be
necessary.

There can be no doubt that this new system of teaching

chemistry in schools has been most successful. Teachers are

delighted with the results which have already been obtained,

and those whom I have had the opportunity of consulting,

directly and indirectly, cannot speak too highly of their satis-

faction at the disappearance of the old system of qualitative

analysis, and the institution of the new order of things.

Especially I may mention in this connection the excellent work
which is being carried on under the supervision of Dr. Bevan
Lean at the Friends' School in Ackworth, where the boys have
attained results which are far in advance of anything which
would have been thought possible a few years since.

It is, of course, obvious that if a schoolboy is made to take
the attitude of a discoverer, his progress may appear to be slow.

But does this matter? Most boys will not become professional

chemists ; but if while at school a boy learns how to learn, and
how to " make knowledge"^ by working out for himself a few
problems, a habit of mind will be formed which will enable him
in future years to look in a scientific spirit at any new problems
which may face him. When school-days are past the details of
the preparation of hydrogen may have been forgotten ; but if it

was really understood at the time that it could not be decided
at once whether the gas was derived from the acid or from the
metal, or from the water, or in part from the one and in part
from the other, an attitude of scepticism and of suspended
judgment will have been formed, which will continue to guard
from error.

In the new system of teaching chemistry in schools much
attention must necessarily be given to weights and measure-
ments ; indeed, the work must be largely of a quantitative kind,
and it is in this connection that an important note of warning
has been sounded by several teachers.^ They consider, very
rightly, that it is important to point out clearly to the scholar
that science does not consist of measurement, but that measure-
ment is only a tool in the hand of the inquirer, and that when
once sufficient skill has been developed in its use it should be
employed only with a distinct object. Measurements should, in

fact, be made only in reference to some actual problem which
appears to be really worth solving, not in the accumulation of
aimless details.

And, of course, all research carried out must be genuine and
not sham, and all assumption of the "obvious" must be most
carefully guarded against. But the young scholar must, at the
same time, not forget that although the scientific method is

necessary to enable him to arrive at a result, in real life it is the
answer to the problem which is of the most importance.^

Although, then, there has been so much discussion, during
the last ten years, on the subject of teaching chemistry in
schools, and such steady progress has been made towards
devising a really satisfactory system of teaching the subject to

1 Cf. Prof. ]. G. Macgregor in Nature, September 1899.
2 Cf. H. Picton in Tke Scliool ^orld, November 1899 ; Bevan Lean,

ibid., F'ebruary 1900.
3 Cf. Mrs. Bryant, " Special Reports on Educational Subjects," vol.

p. 113.
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young boys and girls, it is certainly very remarkable that prac-

tically nothing has been said or written bearing on the training

which a student who wishes to become a chemist is to undertake
at the close of his school-days at the college or university in

which his education is continued.

One of the most remarkable points, to my mind, in connec-
tion with the teaching of chemistry, is the fact that although the
science has been advancing year by year with such unexampled
rapidity, the course of training which the student goes through
during his first two years at most colleges is still practically the

same as it was thirty or forty years ago. Then, as now, after

preparing a few of the principal gases, the student devotes the

bulk of his first year to qualitative analysis in the <3ry and wet
way, and his second year to quantitative analysis, and, although
the methods employed in teaching the latter may possibly have
undergone some slight modification, there is certainly no great

difference between the routine of simple salt and mixture fol-

lowed by quantitative analysis practised at the present day and that

which was in vogue in the days of our fathers and grandfathers.

Since, then, the present system has held the field for so long,

not only in this country but also on the Continent, it is worth
while considering whether it affords the best training which a
student who wishes to become a chemist can undergo in the
short time during which he can attend at a college or university.

In considering this matter I was led in the first place to care-

fully examine old books and other records, with the object of
finding out how the present system originated, and I think that

valuable and interesting information bearing on the subject may
be obtained from a very brief sketch of the rise and development
of the present system of teaching chemistry, and especially in so
far as it bears on the inclusion of qualitative analysis. Un-
fortunately, it is not so easy to gain a good historical acquaintance
with the matter as I at first imagined would be the case, and
this is due in a large measure to the fact that so few of the

laboratories which took an active part in the development of

the present system of chemical training have left any record of

the methods which they employed. In this connection I may,
perhaps, be allowed to suggest that it would be a valuable help
to the future historian if all prominent teachers of chemistry
would leave behind them a brief record of the system of teach-

ing adopted in their laboratories, showing the changes which
they had instituted, the object of these changes, and the results

which followed their adoption.

There is no doubt that the progress of practical chemistry
went largely hand in hand with the progress of theoretical

chemistry, for as the latter gradually developed, so the necessity

for the determination of the composition, first of the best known,
and then of the rarer minerals and other substances, became
more and more marked.
The analytical examination of substances in the dry way was

employed in very early times in connection with metallurgical

operations, and especially in the determination of the presence

of valuable constituents in samples of minerals. Cupellation

was used by the Greeks in the separation of gold and silver

from their ores and in the purification of these metals. Geber
knew that the addition of nitre to the ore facilitated the separa-

tion of gold and silver, and subsequently Glauber (1604-1668)
called attention to the fact that many commoner metals could

easily be separated from their ores with the aid of nitre.

But it was not till the eighteenth century that any marked
progress was made in analysis in the dry way, and the progress

which then became rapid was undoubtedly due to the discovery

of the blowpipe, and to the introduction of its use into analytical

operations. The blowpipe is mentioned for the first time in

1660, in the transactions of the Accademia del Cimento of

Florence, but the first to recommend its use in chemical

operations was Johann Andreas Cramer in 1739. The progress

of blowpipe analysis was largely due to Gahn (1745-1818), who
spent much time in perfecting its use in the examination of

minerals, and it was he who first used platinum wire and cobalt

solution in connection with blowpipe analysis. The methods
employed by Gahn were fuither developed by his friend

Berzelius {1779-1848), who gave much attention to the matter,

and who with great skill and patience gradually worked out a
complete scheme of blowpipe analysis, and published it in a
pamphlet, entitled " Ueber die Anwendung des Lothrohrs,"

which appeared in 1820. After the publication of this work
blowpipe analysis rapidly came into general use in England
France and Germany, and the scheme devised by Berzelius is

essentially that employed at the present day.
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Indeed, the only notable additions to the methods o. analysis

in the dry way since the time of Berzelius are the development

of flame reactions, which Bunsen worked out with such

characteristic skill and ingenuity, and the introduction of the

spectroscope.

The necessity for some process other than that of analysis in

the dry way seems, in the first instance, to have arisen in quite

early times in connection with the examination of drugs, not

only on account of the necessity for discovering their con-

stituents, but also as a means of determining whether they

were adulterated. In such cases analysis in the dry way was

obviously unsuitable, and experience soon showed that the only

way to arrive at the desired result was to treat the substance

under examination with aqueous solutions of definite substances,

the first reagent apparently being a decoction of gallnuts, which

is described by Pliny as being employed in detecting adulteration

with green vitriol.

The progress made in connection with wet analysis was, how-
ever, exceedingly slow, largely owing to the lack of reagents ;

but as these were gradually discovered wet analysis rapidly

•developed, especially in the hands of Tachenius, Scheele, Boyle,

Hoftman, Margraf, and Bergmann. Boyle (1626-1691) es-

pecially had an extensive knowledge of reagents and their

application; and, indeed, it was Boyle who first introduced

the word " analysis " for those operations by which substances

«nay be recognised in the presence of one another. Boyle knew
how to test for silver with hydrochloric acid, for calcium salts

with sulphuric acid, and for copper by the blue solution produced

by ammonia.
Margraf (i 709-1 782) introduced prussiate of potash for the

•detection of iron, and Bergmann (1735-1784) not only intro-

duced new reagents and new methods for decomposing minerals

and refractory substances, such as fusion with potash, digestion

with nitric acid or hydrochloric acid, but he also was the first to

suggest the application of tests in a systematic way, and, indeed,

the method of analysis which he developed is on much the same

tines as that in use at the present day. He paid special atten-

tion to the qualitative analysis of minerals, and gave careful

instructions for the analysis of gold, platinum, silver, lead, copper,

zinc, and other ores. The work of Scheele (1742- 1786) had in-

directly a great influence on qualitative analysis, as, although

he did not give a general systematic method of procedure in the

analysis of substances of unknown composition, yet the methods

which he employed in the examination of new substances were

so original and exact as to remain models of how qualitative

.Analysis should be conducted.

Great strides in analytical chemistry in the wet way were made
•through the work of Berzelius, who, by the discovery of new
aiiethods, such as the decomposition of silicates by hydrofluoric

acid and the introduction of new tests, greatly advanced the art.

He paid special attention to perfecting the methods of analysis

of mineral waters, and these researches, as well as his work on

ores, and particularly his investigation of platinum ores, stamp

Berzelius as one of the great pioneers in qualitative and quanti-

tative analytical chemistry.

By the labours of the great experimenters whom I have

mentioned qualitative analysis gradually acquired the familiar

appearance of to-day, and many books were written with the

object of arranging the mass of information which had accumu-

lated, and of thus rendering it available for the student in his

efforts to investigate the composition of new minerals and other

substances. Among these books maybe mentioned the " Hand-
buch der analytischen Chemie," by H. Rose, and especially

the well-known analytical text-books of Fresenius, which have

had an extraordinarily wide circulation and passed through many
editions.

The work of the great pioneers in analytical chemistry was
work done often under circumstances of great difficulty, as before

the end of the seventeenth century there were no public insti-

tutions of any sort in which a practical knowledge of chemistry

could be acquired. Lectures were, of course, given from very

«arly times, but it was not until the time of Guillaume Fran9ois

Rouelle (i 703-1 770), at the beginning of the eighteenth century,

that lectures began to be illustrated by experiments. Rouelle,

•who was very active as a teacher, numbered among his pupils

•many men of eminence, such as Lavoisier and Proust, and it was
largely owing to his influence that France took such a lead in

practical teaching. In Germany progress was much slower,

and in our country the introduction of lectures illustrated by
experiments seems to have been mainly due to Davy.

When it is considered how slowly experimental work came to

be recognised as a means of illustration and education, even in

connection with lectures, it is not surprising that in early times
practical teaching in laboratories should have been thought quite

unnecessary.

The few laboratories which existed in the sixteenth century
were built mainly for the practice of alchemy by the reigning

princes of the time, and, indeed, up to the beginning of the nine-

teenth entury, the private laboratories of the great masters were
the only schools in which a favoured few might study, but which
were not open to the public. Thus we find that Berzelius re-

ceived in his laboratory a limited number of students who worked
mostly at research ; these were not usually young men, and his

school cannot thus be considered as a teaching institution in the

ordinary sense of the word.
The earliest laboratory open for general instruction in Great

Britain was that of Thomas Thomson, who, after graduating in

Edinburgh in 1799, began lecturing in that city in 1800, and
opened a laboratory for the practical instruction of his pupils.

Thomson was appointed lecturer in Chemistry in Glasgow
University in 1807, and Regius Professor in 1818, and in Glasgow
he also opened a general laboratory.

The first really great advance in laboratory teaching is due
to Liebig, who, after working for some years in Paris under

Gay-Lussac, was appointed in 1824 to be Professor of Chemistry

in Giessen. Liebig was strongly impressed with the necessity

for public institutions where any student could study chemistry,

and to him fell the honour of founding the world-famed Giessen

Laboratory, the first public institution in Germany which
brought practical chemistry within the reach of all students.

Giessen rapidly became the centre of chemical interest in

Germany, and students flocked to the laboratory in such numbers
as to necessitate the development of a systematic course of

practical chemistry, and in this way a scheme of teaching was
devised which, as we shall see later, has served as the founda-

tion for the system of practical chemistry in use at the present

day.

When the success of this laboratory had been clearly estab-

lished, many other towns discovered the necessity for similar

institutions, and in a comparatively short time every university

in Germany possessed a chemical laboratory. The teaching of

practical chemistry in other countries was, however, of very

slow growth ; in France, for example, Wurtz in 1869 drew
attention to the fact that there was at that time only one labora-

tory which could compare with the German laboratories, namely,

that of the Ecole normale superieure.

In this country the provision of suitable laboratories for the

study of chemistry seems to date from the year 1845, when the

College of Chemistry was founded in London, an institution

which under A. W. Hofmann's guidance rapidly rose to such a

prominent position.

In 1851 Frankland was appointed to the chair of chemistry in

the new college founded in Manchester by the trustees of John
Owens, and here he equipped a laboratory for the teaching of

practical chemistry. Under Sir Henry Roscoe this laboratory

soon became too small for the growing number of chemical

students, a defect which was removed when the new buildings of

the college were opened in 1873. In 1849 Alexander Williamson

was appointed Professor of Practical Chemistry at University

College, London, where he introduced the practical methods of

Liebig.

Following these examples, the older universities gradually

came to see the necessity for providing accommodation for the

practical teaching of chemistry, with the result that well-

equipped laboratories have been erected in all the centres of

learning in this country.

Since Liebig, by the establishment of the Giessen Laboratory,

must be looked upon as the pioneer in the development of prac-

tical laboratory teaching, it will be interesting to endeavour to

obtain some idea of the methods which he used in the training of

the students who attended his laboratory in Giessen. From
small beginnings he gradually introduced a systematic course of

practical chemistry, and a careful comparison shows that this

was similar in many ways to that in use at the present day.

The student at Giessen, after preparing the more important

gases, was carefully trained in qualitative and quantitative

analysis ; he was then required to make a large number of

preparations, after which he engaged in original research.

Although there is, as far as I have been able to ascertain, no

printed record of the nature of the quantitative work and the
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preparations which Liebig required from his students, the

course of qualitative analysis is easily followed, owing to the

existence ot a most interesting book published for the use of the

(iiessen students.

In 1846, at Liebig's request, Henry Will, Ph.D., Extra-

ordinary Professor of Chemistry in the University of Giessen,

wrote a small book, for use at Giessen, called " Giessen Out-
lines of Analysis," which shows clearly the kind of instruction

given in that laboratory at the time in so far as qualitative

analysis is concerned. This book, which contains a preface by
Liebig, is particularly interesting on account of the fact that it

is evidently the first Introduction to Analysis intended for the

training of elentfentary students which was ever published. In

the preface Liebig writes :
" The want of an introduction to

chemical analysis adapted for the use of a laboratory has given

rise to the present work, which contains an accurate description

of the course I have followed in my laboratory with great advan-

tage for twenty-five years. It has been prepared at my request

by Prof. Will, who has been my assistant during a great part of

this period."

This book undoubtedly had a considerable circulation, and
was used in most of the laboratories which were in existence at

that time, and thus we find, for example, that the English
translation which Liebig " hopes and believes will be acceptable

to the English public " was the book used by Hofmann for his

students at the College of Chemistry. In this book the metals

are first divided into groups much in the same way as is done now

;

each group is then separately dealt with, the principal character-

istics of the metals of the group are noted, and their reactions

studied. Those tests which are useful in the detection of each
metal are particularly emphasised, and the reasons given for

selecting certain of them as of special value for the purposes of

separating one metal from another.

Throughout this section of the book there are frequent dis-

cussions as to the possible methods of the separation, not only of

the metals of one group, but of those belonging to different

groups ; and the whole subject is treated in a manner which
shows clearly that Liebig's great object was to make the

student think for himself. After studying in a similar manner
the behaviour of the principal acids with reagents, the student

is introduced to a course of qualitative analysis comprising (i),

preliminary examination of solids (2), qualitative analysis of the

substance in solution.

Both sections are evidently written with the object, not only
of constructing a system of qualitative analysis, but more par-

ticularly of clearly leading the student to argue out for himself
the methods of separation which he will ultimately adopt. The
book concludes with a few tables which differ considerably in

design from those in use at the present day, and which are so
meagre that the student could not possibly have used them
mechanically.

The system introduced in this book, no doubt owing to the
excellent results obtained by its use, was rapidly recognised as the
standard method of teaching analysis in most of the institutions

existing at that time. Soon the course began to be further

deveio|)ed, book after book was published on the subject, and
gradually the teaching of qualitative analysis assumed the shape
and form with which we are all so well acquainted. But the
present-day book on qualitative analysis differs widely from
"Giessen Outlines" in this respect, that whereas in the latter the
tables introduced are mere indications of the methods of separa-
tion to be employed, aqd are of such a nature that the student
who did not think for himself must have been constantly in

difficulties, in the book of the present day these tables have been
worked out to the minutest detail. Every contingency is pro-
vided for ; nothing is left to the originality of the student ; and
that which, no doubt, was once an excelleht course has now
become so hopelessly mechanical as to make it doubtful whether
it retains anything of its former educational value.

The question which I now wish to consider more particularly
is whether the system of training chemists which is at present
adopted, with little variation, in our colleges and universities is

a really satisfactory one, and whether it supplies the student
with the kind of knowledge which will be of the most value to
him in his future career.

Those who study chemistry may be roughly divided as to
their future careers into two groups—those who become teachers
and those who become technical chemists. Now, whether the
student takes up either one or the other career, I think that it is

clear that the oiijects to be aimed at in training him are to give
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him a sound kiio»vledge of his subject, and especially to so
arrange his studies as to bring out in every possible way his

capacity for original thought.

A teacher who has no originality will hardly be successful,

even though he may possess a very wide knowledge of what has
already been done in the past. He will have little enthusiasm
for his subject, and will continue to teach on the lines laid down
by the text-books of the day, without himself materially im-
proving the existing methods, and, above all, he will be unable,

and will have no desire, to add to our store of knowledge by
original investigation.

It is in the power of almost every teacher to do some research

work, and it seems probable that the reason why more is not
done by teachers is because the importance of research work was
not sufficiently insisted on, and their original faculty was not

sufficiently trained, at the schools and colleges where they
received their education.

And these remarks apply with equal force to the student who
subsequently becomes a technical chemist.

In the chemical works of to-day sound knowledge is essential,

but originality is an even more important matter. A technical

chemist without originality can scarcely rise to a responsible

position in a large works ; whereas a chemist who is capable of

constantly improving the processes in operation, and of adding
new methods to those in use, becomes so valuable that he can
command his own terms.

Now, this being so, I think it is. extraordinary that so many
of the students who go through the prescribed ci^urse of training

—say for the Bachelor of Science degree—not only show no
originality themselves, but seem also to have no desire at the

conclusion of their studies to engage in original investigation

under the supervision of the teacher. That this is so is certainly

my experience as a teacher examiner, and I feel sure that many
other teachers will endorse this view of the case.

If we inquire into the reason for this deficiency in originality,

we shall, I think, be forced to conclude that it is in a large

measure due to the conditions of study and the nature of the

courses through which the student is obliged to pass.

A well-devised system of quantitative analysis is undoubtedly
valuable in teaching the student accurate manipulation, but it

has always seemed to me that the long course of qualitative

analysis which is usually considered necessary, and which
generally precedes the quantitative work, is not the most
satisfactory training for a student.

There can be no doubt that to many students qualitative

analysis is little more than a mechanical exercise : the tables

of separation are learnt by heart, and every substance is treated

in precisely the same manner : such a course is surely not cal-

culated to develop any original faculty which the student may
possess. Then, again, when the student passes on to quantita-

tive analysis, he receives elaborate instructions as to the little

details he must observe in order to get an accurate result ; and
even after he has become familiar with the simpler determina-

tions he rarely attempts, and indeed has no time to attempt,

anything of the nature of an original investigation in qualitative

or quantitative analysis. It indeed sometimes happens that a
student at the end of his second year has never prepared a pure

substance, and is often utterly ignorant of the methods employed
in the separation of substances by crystallisation ; he has never

conducted a distillation, and has no idea how to investigate the

nature and amounts of substances formed in chemical reactions ;

practically all his time has been taken up with analysis. That
this is not the way to teach chemistry was certainly the opinion

of Liebig, and in support of this I quote a paragraph bearing

on the subject which occurs in a very interesting book on
'Justus von Liebig: his Life and Work," written by W. A.
Shenstone (pp. 175, 176).
" In his practical teaching Liebig laid great stress on the

producing of chemical preparations ; on the students preparing,

that is to say, pure substances in good quantity from crude

materials. The importance of this was, even in Liebig's time,

often overlooked ; and it was, he tells us, more common to find

a man who could make a good analysis than to find one who
could produce a pure preparation in the most judicious way."

" There is no better way of making one's self acquainted with

the properties of a substance than by first producing it from
the raw material, then converting it into its compounds,
and so becoming acquainted with them. By the study of

ordinary analysis one does not learn how to use the important

methods of crystallisation, fractional distillation, nor acquire
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•any considerable experience in the proper use of solvents. In

short, one does not, as Liebig said, become a chemist."

One reason why the present system of training chemists has

persisted so long is no doubt because it is a very convenient

system : it is easily taught, does not require expensive apparatus,

and, above all, it lends itself admirably for the purpose of

competitive examination.

The system of examination which has been developed during

the last twenty years has done much harm, and is a source of

great difficulty to any conscientious teacher who is possessed of

originality, and is desirous, particularly in special cases, of leaving

the beaten track.

In our colleges and universities most of the students work for

some definite examination—frequently for the Bachelor of

Science degree—either at their own University or at the

University of London.
For such degrees a perfectly definite course is prescribed and

must be followed, because the questions which the candidate

will have to answer at his examination are based on a syllabus

which is either published or is known by precedent to be required.

The course which the teacher is obliged to teach is thus placed

beyond his individual power of alteration, except in minor
details, and originality in the teacher is thereby discouraged : he

knows that all students must face the same examination, and he
must urge the backward man through exactly the same course as

his more talented neighbour.

In almost all examinations salts or mixtures of salts are given

for qualitative analysis. "Determine the constituents of the

simple salt A and of the mixture B " is a favourite examination

formula ; and as some practical work of this sort is sure to be

set, the teacher knows that he must contrive to get one and all

of his students into a condition to enable them to answer such

questions.

If, then, one considers the great amount of work which is

required from the present-day student, it is not surprising that

every aid to rapid preparation for examination should be accepted

with delight by the teacher ; and thus it comes about that tables

are elaborated in every detail, not only for qualitative analysis in

inorganic chemistry, but, what is far worse, for the detection of

some arbitrary selection of organic substances which may be set

in the syllabus for the examination. I question whether any
really competent teacher will be found to recommend this

system as one of educational value or calculated to bring out and
train the faculty of original thought in students.

If, then, the present system is so unsatisfactory, it will naturally

be asked. How are students to be trained, and how are they to

be examined so as to find out the extent of the knowledge of

their subject which they have acquired ?

In dealing with the first part of the question—that is, the

training best suited to chemists— I can, of course, only give my
own views on the subject— views which, no doubt, may differ

much from those of many of the teachers present at this meeting.

The objects to be attained are, in my opinion, to give the

student a sufficient knowledge of the broad facts of chemistry,

and at the same time so to arrange his practical work in par-

ticular as to always have in view the training of his faculty of

original thought.

I think it will be conceded that any student, if he is to make
his mark in chemistry by original work, must ultimately specialise

in some branch of the subject. It may be possible for some
great minds to do valuable original work in more than one branch

of chemistry, but these are the exceptions ; and as time goes on,

and the mass of facts accumulates, this will become more and
more impossible. Now a student at the commencement of his

career rarely knows which branch of the subject will fascinate

him most, and I think, therefore, that it is necessary, in the first

place, to do all that is possible to give him a thorough grounding

in all branches of the subject. In my opinion the student is

taken over too much ground in the lecture courses of the present

day : in inorganic chemistry, for example, the study of the rare

metals and their reactions might be dispensed with, as well as

many of the more difficult chapters of physical chemistry, and in

organic chemistry such complicated problems as the constitutions

of uric acid and the members of the camphor and terpene series,

&c. , might well be left out. As matters stand now, instruction

must be given on these subjects simply because questions

bearing on them will probably be asked at the examination.

And here, perhaps, I migjit make a confession, in which I do
not ask my fellow-teachers to join me. My name is often

attached to chemistry papers which I should be sorry to have to
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answer ; and it seems to me the standard of examination papers,
and especially of Honours examination papers, is far too high.
Should we demand a pitch of knowledge which our own
experience tells us cannot be maintained for long ?

In dealing with the question of teaching practical chemistry,
it may be hoped, in the first place, that in the near future a
sound training will be given in elementary science in most
schools, very much on the lines which I mentioned in the first

part of this address. The student will then be in a fit state to

undergo a thoroughly satisfactory course of training in inorganic
chemistry during his first two years at college. Without wish-
ing in any way to map out a definite course, I may be allowed
to suggest that instead of much of the usual qualitative and
quantitative analysis, practical exercises similar to the following
will be found to be of much greater educational value.

(i) The careful experimental demonstration of the funda-
mental laws of chemistry and physical chemistry.

(2) The preparation of a series of compounds of the more
important metals, either from their more common ores or from
the metals themselves. With the aid of the compounds thus
prepared the reactions of the metals might be studied and the
similarities and differences between the different metals then
carefully noted.

(3) A course in which the student should investigate in certain

selected cases : {a) the conditions under which action takes

place ; {b) the nature of the products formed ; (c) the yield

obtained. If he were then to proceed to prepare each product
in a state of purity, he would be doing a series of exercises of

the highest educational value.

(4) The determination of the combining weights of some of

the more important metals. This is in most cases compara-
tively simple, as the determination of the combining weights of

selected metals can be very accurately carried out by measuring
the hydrogen evolved when an acid acts upon them.
Many other exercises of a similar nature will readily sug-

gest themselves, and in arranging the course every effort

should be made to induce the student to consult original

papers, and to avoid as far as possible any tendency to mere
mechanical work.
The exact nature of such a course must, however, necessarily

be left very much in the hands of the teacher, and the details

will no doubt require much consideration ; but I feel sure that a

course of practical inorganic chemistry could be constructed

which, while teaching all the important facts which it is neces-

sary for the student to know, will, at the same time, constantly

tend to develop his faculty of original thought.

Supposing such a course were adopted (and the experiment

is well worth trying), there still remains the problem of how
the student who has had this kind of training is to be
examined.
With regard to his theoretical work there would be no diffi-

culty, as the examination could be conducted on much the same
lines as at the present time. In the case of the practical exami-

nation I have long felt that the only satisfactory method of

arriving at the value of a student's practical knowledge is by the

inspection of the work which he has done during the whole of his

course of study, and not by depending on the results of one or

two days' set examination. I think that most examiners will

agree with me that the present system of examination in practical

chemistry is highly unsatisfactory. This is perhaps not so appa-

rent in the case of the qualitative analysis of the usual simple

salt or mixture ; but when the student has to do a quantitative

exercise, or when a problem is set, the results sent in are fre-

quently no indication of the value of the student's practical

work. Leaving out of the question the possibility of the student

being in indifferent health during the short period of the prac-

tical examination, 'it not infrequently happens that he, in his

excitement, has the misfortune to upset a beaker when his

quantitative determination is nearly finished, and as a result

he loses far more marks than he should do for so simple an

accident.

Again, in attacking a problem he has usually only time to try

one method of solution, and if this does not yield satisfactory

results he again loses marks ; whereas in the ordinary course of

his practical work, if he were to find that the first method was

faulty, he would try other methods until he ultimately arrived at

the desired result.

It is difficult to see why such an unsatisiactory system as this

might not be replaced by one of inspection which I think could

easily be so arranged as to work well.
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A student taking, say, a three years' course for the degree of

Bichelor of Science might be required to keep very careful notes

of all the practical work which he does during this course, and
in order to avoid fraud his notebook could from time to time be
initialled by the professor or demonstrator in charge of the

laboratory. An inspection of these notebooks could then be
made at suitable times by the examiners for the degree, by which
means a very good idea would be obtained of the scope of the

work which the student had been engaged in, and if thought
necessary a few questions could easily be asked in regard to the

work so presented. Should the examiners wish to further test

<he candidate by giving him an examination, I submit that it

would be much better to set him some exercise of the nature of

a simple original investigation, and to allow him two or three

weeks to carry this out, than to depend on the hurried work of

two or three days.

The object which I had in view in writing this Address was
to call attention to the fact that our present system of training in

chemistry does not appear to develop in the student the power
of conducting original research, and at the same time to

endeavour to suggest some means by which a more satisfactory

state of things might be brought about. I have not been able,

within the limits of this Address, to consider the conditions of

study during the third year of the student's career at college, or

to discuss the increasing necessity for extending that course and
insisting on the student carrying out an adequate original investi-

gation before granting him a degree, but I hope on some future

occasion to have the opportunity of returning to this very impor-

tant part of the subject. If any of the suggestions I have made
should prove to be of practical value, and should lead to the

production of more original research by our students, I shall feel

that a useful purpose has been served by bringing this matter

before this Section. In concluding I wish to thank Prof. H. B.

Dixon, Prof. F, S. Kipping and others, for many valuable

suggestions, and my thanks are especially due to Dr. Bevan
Lean for much information which he gave me in connection

with that part of this Address which deals with the teaching of

chemistry in schools.

SECTION C.

Opening Address by Prok. W. J. Solt.as, D.Sc, LL.D.,
F.R.S., President of the Section.

Evolutional Geology.

The close of one century, the dawn of another, may naturally

suggest some brief retrospective glance over the path along
which our science has advanced, and some general survey of its

present position from which we may gather hope of its future

progress ; but other connection with geology the beginnings and
endings of centuries have none. The great periods of move-
ment have hitherto begun, as it were, in the early twilight hours,

long before the dawn. Thus the first step forward, since which
there has been no retreat, was taken by Steno in the year 1669 ;

more than a century elapsed before James Hutton (1785) gave
fresh energy and better direction to the faltering steps of the

young science; while it was less than a century later (1863)
when Lord Kelvin brought to its aid the powers of the higher
mathematics and instructed it in the teachings of modern physics.

From Steno onward the spirit of geology was catastrophic ; from
Hutton onward it grew increasingly uniformitarian ; from the

time of Darwin and Kelvin it has become evolutional. The
ambiguity of the word " uniformitarian " has led to a good deal

of fruitless logomachy, against which it may be as well at once
to guard by indicating the sense in which it is used here. In

one way we are all uniformitarians, i.e. we accept the doctrine

of the " uniform action of natural causes," but, as applied to

geology, uniformity means more than this. Defined in the

briefest fashion it is the geology of Lyell. Hutton had given us

a "Theory of the Earth," in its main outlines still faithful and
true ; and this Lyell spent his life in illustrating and advocating :

but as so commonly happens the zeal of the disciple outran the

wisdom of the master, and mere opinions were insisted on as

necessary dogma. What did it matter if Hutton as a result of

his inquiries into terrestrial history had declared that he found
no vestige of a beginning, no prospect of an end ? It would have
been marvellous if he had ! Consider that when Hutton's
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'• Theory " was published William Smith's famou.s discovery had
not been made, and that nothing was then known of the orderly

succession of forms of life, which it is one of the triumphs of

geology to have revealed ; consider, too, the existing state of
physics at the time, and that the modern theories of energy had
still to be formulated ; consider also that spectroscopy had not
yet lent its aid to astronomy and the consequent ignorance of the

nature of nebulne ; and then, if you will, cast a stone at Hutton.
With Lyell, however, the case was different : in pressing his uni-

formitarian creed upon geology'he omitted to take into account the

great advances made by its sister sciences, although he had know-
ledge of them, and thus sinned against the light. In the last edition

of the famous " Principles " we read :
'* It is a favourite dogma

of some physicists that not only the earth, but the sun itself, is

continually losing a portion of its heat, and that as there is no
known source by which it can be restored we can foresee the

time when all life will cease to exist on this planet, and on the

other hand we can look back to a period when the heat was so

intense as to be incompatible with the existence of any organic
beings such as are known to us in the living or fossil world. . . .

A geologist in search of some renovating power by which the

amount of heat may be made to continue unimpaired for

millions of years, past and future, in the solid parts of the earth

. . . has been compared by an eminent physicist to one who
dreams he can discover a source of perpetual motion and invent

a clock with a self-winding apparatus. But why should we
despair of detectingfroofs of such regenerating and self-sustaining

power in the woiks of a Divine Artificer'^" Here we catch the

true spirit of uniformity ; it admittedly regards the universe as a
self-winding clock, and barely conceals a conviction that the

clock was warranted to keep true Greenwich time. The law of

the dissipation of energy is not a dogma, but a doctrine drawn
from observation, while the uniformity of Lyell is in no sense

an induction : it is a dogma in the narrowest sense of the word,
unproved, incapable of proof; hence perhaps its power upon the

human mind ; hence also the transitoriness of that power.

Again, it is only by restricting its inquiries to the stratified rocks

of our planet that the dogma of uniformity can be maintained
with any pretence of argument. Directly we begin to search

the heavens the possibility, nay even the likelihood, of the

nebular origin of our system, with all that it involves, is borne
in upon us. Lyell therefore consistently refused to extend his

gaze beyond the rocks beneath his feet, and was thus led to do
a serious injury to our science : he severed it from cosmogony,
for which he entertained and expressed the most profound con-

tempt, and from the mutilation thus inflicted geology is only at

length making a slow and painful recovery. Why do I dwell on
these facts ? To depreciate Lyell ? By no means. No one is

more conscious than I of the noble service which Lyell rendered

to our cause : his reputation is of too robust a kind to suffer

from my unskilful handling, and the fame of his solid contribu-

tions to science will endure long after these controversies are

forgotten. The echoes of the combat are already dying away,
and uniformitarians, in the sense already defined, are now no
more ; indeed, were I to attempt to exhibit any distinguished

living geologist as a still surviving supporter of the narrow
Lyellian creed, he would probably feel, if such a one there be,

that I was unfairly singling him out for unmerited obloquy.

Our science has become evolutional, and in the transformation

has grown more comprehensive : her petty parochial days are

done, she is drawing her provinces closer around her, and is

fusing them together into a united and single commonwealth

—

the science of the earth.

Not merely the earth's crust, but the whole of earth-know-

ledge is the subject of our research. To know all that can be

known about our planet, this, and nothing less than this, is its

aim and scope From the morphological side geology inquires,

not only into the existing form and structure of the earth, but

also into the series of successive morphological states through

which it has passed in a long and changeful development. Our
science inquires also into the distribution of the earth in time

and space ; on the physiological side it studies the movements
and activities of our planet ; and not content with all this it ex-

tends its researches into aetiology and endeavours to arrive at a

science of causation. In these pursuits geology calls all the

other sciences to her aid. In our commonwealth there are no
outlanders ; if an eminent physicist enter our territory we do not

begin at once to prepare for war, because the very fact of his

undertaking a geological inquiry of itself confers upon him all

the duties and privileges of citizenship. A physicist studying
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geology is by definition a geologist. Our only regret is, not that

physicists occasionally invade our borders, but that they do not

visit us oftener and make closer acquaintance with us.

Early History of the Earth : First Critical Period,

If I am bold enough to assert that cosmogony is no longer

alien to geology, I may proceed further, and taking advantage

of my temerity pass on to speak of things once not permitted to

us. I propose, therefore, to ofifer some short account of the

early stages in the history of the earth. Into its nebular origin

we need not inquire—that is a subject lor astronomers. We are

content to accept the infant earth from their hands as a molten

globe ready made, its birth»from a gaseous nebula duly certified.

If we ask, as a matter of curiosity, what was the origin of the

nebula, I fear even astronomers cannot tell us. There is an
hypothesis which refers it to the clashing of meteorites, but in the

form in which this is usually presented it does not help us much.
Such meteorites as have been observed to penetrate our atmo-

sphere and to fall on to the surface of tha earth prove on
examination to have had an eventful history of their own of

which not the least important chapter was a passage through a

molten state ; they would thus appear to be the products rather

than the progenitors of a nebula.

We commence our history, then, with a rapidly-rotating

molten planet, not impossibly already solidified about the centre

and surrounded by an atmosphere of great depth, the larger

part of which was contributed by the water of our present

oceans, then existing in a state of gas. This atmosphere, which
exerted a pressure of something like 5000 lb. to the square inch,

must have played a very important part in the evolution of our

planet. The molten exterior absorbed it to an extent which
depended on the pressure, and which may some day be learnt

from experiment. Under the influence of the rapid rotation of

the earth the atmosphere would be much deeper in equatorial

than polar regions, so that in the latter the loss of heat by radia-

tion would be in excess. This might of itself lead to convec-

tional currents in the molten ocean. The efTect on the

atmosphere is very difficult to trace, but it is obvious that if a

high-pressure area originated over some cooler region of the

ocean, the winds blowing out of it would drive before them the

cooler superficial layers of molten material, and as these were

replaced by hotter lava streaming from below, the tendency

would be to convert the high into a low-pressure area, and to

reverse the direction of the winds. Conversely under a low-

pressure area the in-blowing winds would drive in the cooler

superficial layers of molten matter that had been swept away
trom the anticyclones. If the difference in pressure under the

cyclonic and anticyclonic areas were considerable, some of the

gas absorbed under the anticyclones might escape beneath the

cyclones, and in a later stage of cooling might give rise to vast

floating islands of scoria. Such islands might be the first fore-

shadowings of the future continents. Whatever the ultimate

effect of the reaction of the winds on the currents of the molten

ocean, it is probable that some kind of circulation was set up in

the latter. The universal molten ocean was by no means homo-
geneous : it was constantly undergoing changes in composition

as it reacted chemically with the internal metallic nucleus ; its

currents would streak the different portions out in directions

which in the northern hemisphere would run from north-east to

south-west, and thus the differences which distinguish particular

petrological regions of our planet may have commenced their

existence at a very early stage. Is it possible that as our know-
ledge extends we shall be able by a study of the distribution of

igneous rocks and minerals to draw some conclusions as to the

direction of these hypothetical lava currents ? Our planet was
profoundly disturbed by tides, produced by the sun ; for as yet

there was no moon ; and it has been suggested that one of its

tidal waves rose to a height so great as to sever its connection

with the earth and to'fly offas the infant moon. This event may
be regarded as marking the first critical period, or catastrophe if

we please, in the history of our planet. The career of our satel-

lite, after its escape from the earth, is not known till it attained

a distance of nine terrestrial radii ; after this its progress can be

clearly followed. At the eventful time of parturition the earth was
rotating, with a period of from two to four hours, about an axis in-

clinedatsome 11° or 12° to the ecliptic. The time which has elapsed

since the moon occupied a position nine terrestrial radii distant

from the earth is at least fifty-six to fifty-seven millions of years,

but may have been much more. Prof. Darwin's story of the

moon is certainly one of the most beautiful contributions ever
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made by astronomy to geology, and we shall all concur with
him when he says, "A theory reposing on vera cansce, which
brings into quantitative correlation the length of the present
day and month, the obliquity of the ecliptic, and the inclinatioD
and eccentricity of the lunar orbit, must, I think, have strong
claims to acceptance."
The majority of geologists have long hankered after a metallic

nucleus for the earth, composed chiefly, by analogy with
meteorites, of iron. Lord Kelvin has admitted the probable
existence of sorne such nucleus, and lately Prof Wiechert has
furnished us with arguments— " powerful " arguments Prof.
Darwin terms them— in support of its existence. The interior
of the earth for four-fifths of the radius is composed, according
to Prof. Wiechert, chiefly of metallic iron, with a density of
8 '2; the outer envelope, one fifth of the radius, or about 400
miles in thickness, consists of silicates, such as we are familiar
with in igneous rocks and meteorites, and possesses a density of
3 '2. It was from this outer envelope when molten that the
moon was trundled off, twenty-seven miles in depth going to its

formation. The density of this material, as we have just seen,
is supposed to be 3*2 ; the density of the moon is 3 "39, a close
approximation, such difference as exists being completely
explicable by the comparatively low temperature of the moon.
The outer envelope of the earth which was drawn off to form

the moon was, as we have seen, charged with steam and other
gases under a pressure of 5000 lb. to the square inch ; but as
the satellite wandered away from the parent planet this pressure
continuously diminished. Under these circumstances the moon
would become as explosive as a charged bomb, steam would
burst forth from numberless volcanoes, and while the face of the
moon might thus have acquired its existing features, the ejected
material might possibly have been shot so far away from its.

origin as to have acquired an independent orbit. If so we may
ask whether it may not be possible that the meteorites, which
sometimes descend upon our planet, are but portions of its owr>
envelope returning to it. The facts that the average specific
gravity of those meteorites which have been seen to fall is not
much above 3-2, and that they have passed through a stage of
fusion, are consistent with this suggestion.

Second Critical Period. '
' Consistentior Status.

"

The solidification of the earth probably became completed
soon after the birth of the moon. The temperature of its

surface at the time of consolidation was about 1170° C, and it

was therefore still surrounded by its primitive deep atmosphere
of steam and other gases. This was the second critical period
in the history of the earth, the stage of the " consistentior

status," the date of which Lord Kelvin would rather know than
that of the Norman Conquest, though he thinks it lies between
twenty and forty millions of years ago, probably nearer twenty
than forty.

Now that the crust was solid there was less reason why move-
ments of the atmosphere should be unsteady, and definite

regions of high and low pressure might have l)een established.

Under the high-pressure areas the surface of the crust would be
depressed ; correspondingly under the low-pressure areas it

would be raised ; and thus from the first the surface of the solid

earth might be dimpled and emlx)ssed." ^

Third Critical Period. Origin of the Oceans.

The cooling of the earth would continuously progress, till the
temperature of the surface fell to 370° C, when that part of
the atmosphere which consisted of steam would begin to

liquefy ; then the dimples on the surface would soon become
filled with superheated water, and the pools so formed would
expand and deepen, till they formed the oceans. This is the

third critical stage in the history of the earth, dating, according

to Prof Joly, from between eighty and ninety millions of years

ago. With the growth of the oceans the distinction between
land and sea arose—in what precise manner we may proceed to

inquire. If we revert to the period of the "consistentior

status," when the earth had just solidified, we shall find, ac-

cording to Lord Kelvin, that the temperature continuously

increased from the surface, where it was II70°C., down to a
depth of twenty-five miles, where it was about 1430° C, or
260° C. above the fusion point of the matter, forming the crust.

1 It would be difficult to discuss with sufficient brevity the probable dis-

tribution of these inequalities, but it may be pointed out that the moon is

possibly responsible, and that in more ways than one, for much of the
existing geographical asymmetry.
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That the crust at this depth was not molten but solid is to be

explained by the very great pressure to which it was subjected

—

just so much pressure, indeed, as was required to counteract the

influence of the additional 260° C. Thus if we could have

reduced the pressure on the crust we should have caused it to

liquefy ; by restoring the pressure it would resolidify. By the

lime the earth's surface had cooled down to 370° C. the depth

beneath the surface at which the pressure just kept the crust

solid would have sunk some slight distance inwards, but not

sufficiently to affect our argument.

The average pressure of the primitive atmosphere upon the

crust can readily be calculated by supposing the water of the

existing oceans to be uniformly distributed over the earth's

surface, and then by a simple piece of arithmetic determining

its depth ; this is found to be 1718 miles, the average depth of

the oceans being taken at 2-393 miles. Thus the average pres-

sure over the earth's surface, immediately before the formation

of the oceans, was equivalent to that of a column of water

1 718 miles high on each square inch. Supposing that at its

origin the ocean were all
'

' gathered together into one place," and
*' the dry land appeared," then the pressure over the ocean floor

would be increased from 1718 miles to 2-393 miles, while that

over those portions of the crust that now formed the land would

be diminished by I'7i8 miles. This difference in pressure

would tend to exaggerate those faint depressions which had

arisen under the primitive anti-cyclonic areas, and if the just

solidified material of the earth's crust were set into a state of

flow, it might move from under the ocean into the bulgings which

were rising to form the land, until static equilibrium were esta-

blished. Under these circumstances the pressure of the ocean

would be just able to maintain a column of rock 0886 miles in

height, or ten twenty-sevenths of its own depth. It could do no

more ; but in order that the dry land may appear some cause

must be found competent either to lower the ocean bed the

remaining seventeen twenty-sevenths of its full depth, or to raise

the continental bulgings to the same extent. Such a cause may,

I think, be discovered in a further effect of the reduction in

pressure over the continental areas. Previous to the condensa-

tion of the ocean, these, as we have seen, were subjected to an

atmospheric pressure equal to that of a column of water 1 718
miles in height. This pressure was contributory to that which

caused the outer twenty-five miles of the earth's crust to become
solid ; it furnished, indeed, just about one fortieth of that pres-

sure, or enough to raise the fusion point 6°C. What, then,

might be expected to happen when the continental area was
relieved of this load ? Plainly a liquefaction and corresponding

expansion of the underlying rock.

But we will not go so far as to assert that actual liquefaction

would result ; all we require for our explanation is a great ex-

pansion ; and this would probably follow whether the crust were

liquefied or not. For there is good reason to suppose that when
matter at a temperature above its ordinary fusion point is com-

pelled into the solid state by pressure, its volume is very

responsive to changes either of pressure or temperature. The
remarkable expansion of liquid carbon dioxide is a case in point :

120 volumes of this fluid at —20° C. become 150 volumes at

33° C. ; a temperature just below the critical point. A great

change of volume also occurs when the material of igneous rocks

passes from the crystalline state to that of glass ; in the case of

diabase ^ the difference in volume of the rock in the two
states at ordinary temperatures is 13 per cent. If the relief of

pressure over the site of continents were accompanied by volume
changes at all approaching this, the additional elevation of

seventeen twenty-sevenths required to raise the land to the sea-

level would be accounted for,'* How far down beneath the sur-

1 C. Barus so names the material on which he experimented ; apparently

the rock is a fresh dolerite without olivine.

2 Prof. Fitzgerald has been kind enough to express part of the preceding
explanation in a more precise manner for me. He writes :

" It would re-

(|u!re .a very nice adjustment of temperatures and pressures to work out in

the simple way you state it ; but what is really involved is that in a certain

state diabase (and exprything that changes state with a considerable

change of volume) has an enormous isothermal compressibility. Although
this is very enormous in the case of bodies which melt suddenly, like ice,

it would also involve very great compressibilities in the case of bodies even
which melted gradually, if they did so at all quickly,/.^, within a small

range of temperature. What you postulate, then, is that at a certain depth
diabase is soft enough to be squeezed from under the oceans, and that,

being near its melting point, the small relief of pressure is accompanied by
an enormous increase in volume which helped to raise the continents. Now
that I have written the thing out in my own way it seems very likely. It

is, anyway, a suggestion quite worthy of serious consideration, and a pro-

cess that in some places must almost certainly have been in operation, and
maybe is still operative. Looking at it again, I hardly think it is quite
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face the unloading of the continents would be felt it is difficult to

say, though the problem is probably not beyond the reach of

mathematical analysis ; if it affected an outer envelope twenty-
five miles in thickness, a linear expansion of 4 per cent, would
suffice to explain the origin of ocean basins. If now we refer to

the dilatation determined by Carl Barus for rise in temperature
in the case of diabase, we find that between 1093° and 1112° C.
the increase in volume is 3*3 per cent. As a further factor in

deepening the ocean basins may be included the compressive
effect of the increase in load over the ocean floor : this increase

is equal to the pressure of a column of water 0-675 n^i'^ 'f*

height, and its effect in raising the fusion point would be 2°C.,
from which we may gain some kind of idea of the amount of
compression it might produce on the yielding interior of the

crust. To admit that these views are speculative will be to

confess nothing ; but they certainly account for a good deal.

They not only give us ocean basins, but basins of the kind we
want, that is, to use a crude comparison once made by the late

Dr. Carpenter, basins of a tea-tray form, having a somewha
flat floor and steeply sloping sides ; they also help to explain

how it is that the value of gravity is greater over the ocean than
over the land.

The ocean when first formed would consist of highly heated
water, and this, as is well known, is an energetic chemical re-

agent when brought into contact with silicates iike those which
formed the primitive crust. As a result of its action saline solu-

tions and chemical deposits would be formed ; the latter, how-
ever, would probably be of no'- great thickness, for the time

occupied by the ocean in cooling to a temperature not far re-

moved from the present would probably be included within a
few hundreds of years.

The Stratified Series.

The course of events now becomes somewhat obscure, but

sooner or later the familiar processes of denudation and the de-

position started into activity, and have continued acting uninter-

ruptedly ever since. The total maximum thickness of the

sedimentary deposits, so far as I can discover, appears to amount
to no less than 50 miles, made up as follows :

—

Feet

Recent and Pleistocene .
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present rate at which form flows to form seemed so slow as

almost to amount to immutability. How vast then must have

been the period during which by slow degrees and innumerable

stages the protozoon was transformed into the man ! And if we
turn to the stratified column, what do we find ? Man, it is true,

at the summit, the oldest fossiliferous rocks 34 miles lower

down, and the fossils they contain already representing most of

the great classes of the Invertebrata, including Crustacea and
Worms. Thus the evolution of the Vertebrata alone is known
to have occupied a period represented by a thickness of 34 miles

of sediment. How much greater, then, must have been the

interval required for the elaboration of the whole organic world !

The human mind, dwelling on such considerations as these,

seems at times to have been affected by a sur-excitation of the

imagination, and a consequent paralysis of the understanding,

which led to a refusal to measure geological time by years at all,

or to reckon by anything less than "eternities."

Geologic Periods of Time.

After the admirable Address of your President last year it

might be thought needless for me to again enter into a con-

sideration of this subject ; it has been said, however, that the

question of geological time is like the Djin in Arabian tales, and
will irrepressibly come up again for discussion, however often it

is disposed of. For my part I do not regard the question so

despondingly, but rather hope that by persevering effort we may
succeed in discovering the talisman by which we may compel
the unwilling Djin into our service. How immeasurable would
be the advance of our science could we but bring the chief

events which it records into some relation with a standard of

time !

Before proceeding to the discussion of estimates of time drawn
from a study of stratified rocks let us first consider those which
have been already suggested by other data. These are as

follows:— (i) Time which has elapsed since the separation of

the earth and moon, fifty-six millions of years, minimum esti-

mate by Prof. G. H. Darwin. (2) Since the " consistentior

status," twenty to forty millions (Lord Kelvin). (3) Since the

condensation of the oceans, eighty to ninety millions, maximum
estimate by Prof J. Joly.

It may be at once observed that these estimates, although
independent, are all of the same order of magnitude, and so far

confirmatory of each other. Nor are they opposed to conclu-

sions drawn from a study of stratified rocks ; thus Sir Archi-
bald Geikie, in his Address to this Section last year, affirmed

that, so far as these were concerned, one hundred millions of

years might suffice for their formation. There is then very

little to quarrel about, and our task is reduced to an attempt,

by a little stretching and a little paring, to bring these various

estimates into closer harmony.
Prof. Darwin's estimate is admittedly a minimum; the

actual time, as he himself expressly states, "may have been
much longer." Lord Kelvin's estimate, which he would make
nearer twenty than forty millions, is founded on the assump-
tion that since the period of the "consistentior status" the

earth has cooled simply as a solid body, the transference of

heat from within outwards having been accomplished solely by
conduction. 1

It may- be at once admitted that there is a large amount
of truth in this assumption ; there can be no possible doubt
that the earth reacts towards forces applied for a short time
as a solid body. Under the influence of the tides it behaves
as though it possessed a rigidity approaching that of steel,

and under sudden blows, such as those which give rise to

earthquakes, with twice this rigidity, as Prof. Milne informs
me. Astronomical considerations lead to the conclusion that

its effective rigidity has not varied greatly for a long period of

past time.

Still, while fully recognising these facts, the geologist knows
—we all know—that the crust of the earth is not altogether

solid. The existence of volcanoes by itself suggests the con-
trary, and although the total amount of fluid material which is

brought from the interior to the exterior of the earth by
volcanic action may be, and certainly is, small—from data
given by Prof. Penck, I estimate it as equivalent to a layer

of rock uniformly distributed 2 mm. thick per century ; yet

we have every reason to believe that volcanoes are but the

superficial manifestation of far greater bodies of molten material

1 The heat thus brought to the surface would amount to one-seventeenth
of that conveyed by conduction.
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which lie concealed beneath the ground. Even the wide areas
of plutonic rock, which are sometimes exposed to view over
a country that has suffered long-continued denudation, are

merely the upper portion of more extensive masses which lie

remote from view. The existence of molten material within
the earth's crust naturally awakens a suspicion that the pro-

cess of cooling has not been wholly by conduction, but also

to some slight extent by convection, and to a still greater

extent by the bodily migration of liquid lava from the deeper
layers of the crust towards the surface.

The existence of local reservoirs of molten rock within the
crust is even still more important in another connection, that

is, in relation with the supposed "average rate of increase of
temperature with descent below the ground." It is doubtful
whether we have yet discovered a rate that in any useful

sense can be spoken of as "average." The widely divergent
views of different authorities as to the presumed value of this

rate may well lead to reflection. The late Prof. Prestwich
thought a rise of 1° F. for every 45 feet of descent below the

Fig. I.—Map of the British Isles, showing the distribution of rates of
increase of temperature with descent. The rates are taken from the
" British Association Report," except in the case of those in the south of
Ireland.

zone of constant temperature best represented the average

;

Lord Kelvin in his earlier estimates has adopted a value of
1° F. for every 51 feet ; the Committee of this Association

appointed to investigate this question arrived at a rate of

1° F. for every 60 feet of descent ; Mr. Clarence King has

made calculations in which a rate of 1° F. for 72 feet is

adopted ; a re-investigation of recorded measurements would,

I believe, lead to a rate of 1° F. in 80 or 90 feet as more
closely approaching the mean. This would raise Lord Kelvin's

estimate to nearly fifty millions of years.

When from these various averages we turn to the observations

on which they are based, we encounter a surprising divergence

of extremes from the mean ; thus in the British Isles alone the

rate varies from 1° F. in 34 feet to 1° F. in 92 feet, or in one

case to i°F. in 130 feet. It has been suggested, and to some
extent shown, that these irregularities may be connected with
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differences in conductivity of the rocks in which the observa-

tions were made, or to the circulation of underground water ;

but many cases exist which cannot be explained away in such a

manner, but are suggestive of some deep-seated cause, such as

the distribution of molten matter below the ground. Inspection

of the accompanying map of the British Isles, on which the rates

of increase in different localities have been plotted, will afford

some evidence of the truth of this view. Comparatively low
rates of increase are found over Wales and in the province of

Leinster, districts of relatively great stability, the remnants of an
island that have in all probability stood above the sea ever since

the close of the Silurian period. To the north of this, as we
enter a region which was subject to volcanic disturbances during

the Tertiary period, the rate increases.

It is obvious that in any attempt to estimate the rate at which
the earth is cooling as a solid body the disturbing influence of

subterranean lakes of molten rock must as far as possible be
eliminated ; but this will not be effected by taking the accepted
mean of observed rates of increase of temperature : such an
average is merely a compromise, and a nearer approach to a
correct result will possibly be attained by selecting some low
rate of increase, provided it be based on accurate observations.

It is extremely doubtful whether an area such as the British

Isles, which has so frequently been the theatre of volcanic

activity and other subterranean disturbance, is the best fitted

to afford trustworthy results ; the Archaean nucleus of a con-

tinent might be expected to afford surer indications. Unfor-

tunately the hidden treasures of the earth are seldom buried in

these regions, and bore-holes in consequence have rarely been
made in them. One ex(;eption is afforded by the copper-bearing

district of Lake Superior, and in one case, that of the Calumet
and Hecla mine, which is 4580 feet in depth, the rate of

increase, as determined by Prof. A. Agassiz, was l° F. for

every 2237 feet. The Bohemian "horst" is a somewhat
ancient part of Europe, and in the Przibram mines, which are

sunk in it, the rate was i" F. for every 126 feet of descent. In

the light of these facts it would seem that geologists are by
no means compelled to accept the supposed mean rate of

increase of temperature with descent into the crust as afford-

ing a safe guide to the rate of cooling of a solid globe ; and
if the much slower rate of increase observed in the more
ancient and more stable regions of the earth has the import-

ance which is suggested for it, then Lord Kelvin's estimate

of the date of the " consistentior status" may be pushed
backwards into a remoter past.

If, as we have reason to hope, Lord Kelvin's somewhat con-

tracted period will yield to a little stretching. Prof. Joly's, on
the other hand, may take some paring. His argument,
broadly stated, is as follows. The ocean consisted at first of

fresh water ; it is now salt, and its saltness is due to the

dissolved matter that is constantly being carried into it by rivers.

If, then, we know the quantity of salt which the rivets bring

down each year into the sea, it is easy to calculate how many
years they have taken to supply the sea with all the salt it at

present contains. For several reasons it is found necessary to

restrict attention to one only of 'he elements contained in sea

salt : this is sodium. The quantity of sodium delivered to the sea

every yeai by rivsrsis about 160,000,000 tons ; but the quantity

of sodium which th ^ sea contains is at least ninety millions of

times greater than this. The period during which rivers have
been carrying sodium into the sea must therefore be about ninety

millions of years. Nothing could be simpler ; there is no
serious flaw in the method, and Prof. Joly's treatment of the

subject is admirable in every way ; but of course in calculations

such as this everything depends on the accuracy of the data,

which we may therefore proceed to discuss. Prof. Joly's

estimate of the amount of sodium in the ocean may be accepted
as sufficiently near the truth for all practical purposes. We may
therefore pass on to the other factor, the annual contribution of

sodium by river water. Here there is more room for error.

Two quantities must be ascertained : one the quantity of water
which the rivers of the world carry into the sea, the other the
quantity or proportion of sodium present in this water. The
total volume of water discharged by rivers into the ocean is

estimated by Sir John Murray as 6524 cubic miles. The
estimate being based on observations of thirty-three great rivers,

although only approximate, it is no doubt sufficiently exact ; at

all events such alterations as it is likely to undergo will not greatly

affect the final result. When, however, we pass to the last

quantity to be determined, the chemical composition of average
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river water, we find that only a very rough estimate is possible, and
this is the more unfortunate because changes in this may very
materially affect our conclusions. The total quantity of river

water discharged into the sea is, as we have stated, 6524 cubic
miles. The average composition of this water is deduced from
analyses of nineteen great rivers, which altogether discharge
only 488 cubic miles, or 7-25 per cent, of the whole. The
danger in using this estimate is twofold : in the first place 7-25
is too small a fraction from which to argue to the remaining

9275 percent., and, next, the rivers which furnish it are selected
rivers, i.e. , they are all of large size. The effect of this is that the
drainage of the volcanic regions of the earth is not sufficiently

represented, and it is precisely this drainage which is richest in
sodium salts. The lavas and ashes of active volcanoes rapidly
disintegrate under the energetic action of various acid gases,
and among volcanic exhalations sodium chloride has been
especially noticed as abundant. Consequently we find that
while the proportion of sodium in Prof. Joly's average river

water is only 573 per million, in the rivers of the volcanic
island of Hawaii it rises to 24 5 per million (Walter Maxwell,
'* Lavas and Soils of the Hawaiian Islands," p. 170). No doubt
the area occupied by volcanoes is trifling compared with the
remaining land surface. On the other hand the majority of
volcanoes are situated in regions of copious rainfall, of which
they receive a full share owing to their mountainous form.
Much of the fallen rain percolates through the porous material
of the cone, and, richly charged with alkalies, finds its way by
underground passages towards the sea, into which it sometimes
discharges by submarine springs.

Again, several considerations lead to the belief that the supply
of sodium to the ocean has proceeded, not at a uniform, but at a
gradually diminishing rate. The rate of increase of temperature
with descent into the crust has continuously diminished with the
flow of time, and this must have had its influence on the tem-
perature of springs, which furnish an important contribution to

river water. The significance of this consideration may be
judged from the composition of the water of geysers. Thus
Geyser, in Iceland, contains 884 parts of sodium per million, or
nearly 160 times as much as Sir John Murray estimates is

present in average river water. A mean of the analyses of six

geysers in different parts of the world gives 400 parts of sodium-
per million, existing partly as chloride, but also as sulphate and
carbonate.

It should not be overlooked that the present is a calm ancV

quiet epoch in the earth's history, following after a time of fiery

activity. More than once, indeed, has the past been distin-

guished by unusual manifestations of volcanic energy, and these

must have had some effect upon the supply of sodium to the
ocean. Finally, although the existing ocean water has apparently
but slight effect in corroding the rocks which form its bed, yet

it certainly was not inert when its temperature was not far

removed from the critical point. Water begins to exert a

powerful destructive action on silicates at a temperature ot

180° C, and during the interval occupied in cooling from 370
to 180° C. a considerable quantity of sodium may have entered

into solution.

A review of the facts before us seems to render some reduction

in Dr. Joly's estimate imperative. A precise assessment is

impossible, but I should be inclined myself to take off some
ten or thirty millions of years.

We may next take the evidence of the stratified rocks. Their
total maximum thickness is, as we have seen, 265,000 feet, and
consequently if they accumulated at the rate of one foot in a
century, as evidence seems to suggest, more than twenty-six

millions of years must have elapsed during their formation.

Obscure Chapter in the Earth's History.

Before discussing the validity of the argument on which this

last result depends, let us consider how far it harmonises with

previous ones. It is consistent with Lord Kelvin's and Professor

Darwin's, but how does it accord with Professor Joly's ? Sup-
posing we reduce his estimate to fifty-five millions ; what was
the earth doing during the interval between the period of fifty-

five millions of years ago and that of only 26^^ millions of years

ago, when, it is presumed, sedimentary rocks commenced to be

formed ? Hitherto we have been able to reason on proljabili-

ties ; now we enter the dreary region of possibilities, and open
that obscure chapter in the history of the earth previously hinted

at. For there are many possible answers to this question. In

the first place the evidence of the stratified rocks may have been
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wrongly interpreted, and two or three times the amount of time

we have demanded may have been consumed in their formation.

This is a very obvious possibility, yet again our estimate con-

cerning these rocks may be correct, but we may have erroneously

omitted to take into account certain portions of the Archrean com-
plex, which may represent primitive sedimentary rocks, formed
under exceptional conditions, and subsequently transformed

under the influence of the internal heat of the earth. This, I

think, would be Prof. Bonney's view. Finally Lord Kelvin

has argued that the life of the sun as a luminous star is even
more briefly limited than that of our oceans. In such a case if

our oceans were formed fifty-five millions of years ago, it is

possible that after a short existence as almost boiling water they

grew colder and colder, till they became covered with thick ice,

and moved only in obedience to the tides. The earth, frozen

and dark, except for the red glow of her volcanoes, waited the

coming of the sun, and it was not till his growing splendour had
banished the long night that the cheerful sound of running
waters was heard again in our midst. Then the work of

denudation and deposition seriously recommenced, not to cease

till the life of the sun is spent. Thus the thickness of the

stratified series may be a measure rather of the duration of sun-

light than of the period which has elapsed since the first forma-
tion of the ocean. It may have been so—we cannot tell—but
it may be fairly urged that we know less of the origin, history,

and constitution of the sun than of the earth itself, and that, for

aught we can say to the contrary, the sun may have been shining

on the just-formed ocean as cheerfully as he shines to-day.

Time required for the Evolution of the Living World.

But, it will be asked, how far does a period of twenty-six
millions satisfy the demands of biology? Speaking only for

myself, although I am aware that eminent biologists are not
wanting who share this opinion, I answer, Amply. But it will

be exclaimed. Surely there are " comparisons in things." Look
at Egypt, where more than 4,000 years since the same species

of man and animals lived and flourished as to-day. Examine
the frescoes and study the living procession of familiar forms
they so faithfully portray, and then tell us, how comes it about
that from changes so slow as to be inappreciable in the lapse of
forty centuries you propose to build up the whole organic world
in the course of a mere twenty-six millions of years? To all

which we might reply that even changeless Egypt presents us
with at least one change—the features of the ruling race are
to-day not quite the same as those of the Pharaohs. But
putting this on one side, the admitted constancy in some few
common forms proves very little, for so long as the environment
remains the same natural selection will conserve the type, and,
so far as we are able to judge, conditions in Egypt have
remained remarkably constant for a long period.

Change the conditions, and the resulting modification of the
species becomes manifest enough ; and in this connection it is

only necessary to recall the remarkable mutations observed and
recorded by Prof. Weldon in the case of the crabs in Plymouth
Harbour. In response to increasing turbidity of the sea water
these crabs have undergone or are undergoing a change in the
relative dimensions of the carapace, which is persistent, in one
direction, and rapid enough to be determined by measurements
made at intervals of a few years.

Again, animals do not all change their characters at the same
rate : some are stable, in spite of changing conditions, and these
have been cited to prove that none of the periods we look upon
as probable, not twenty-five, not a hundred millions of years,

scarce any period short of eternity, is sufficient to account for

the evolution of the living world. If the little tongue-shell,
Lingula, has endured with next to no perceptible change from
the Cambrian down to the present day, how long, it is some-
times inquired, would it require for the evolution of the rest of
the animal kingdom ? The reply is simple: the cases are dis-

similar, and the same record which assures us of the persistency
of the Lingula tells us in language equally emphatic of the
course of evolution which has led from the lower organisms
upwards to man. In recent and Pleistocene deposits the relics

of man are plentiful : in the latest Pliocene they have dis-

appeared, and we encounter the remarkable form Pithecan-
thropus ; as we descend into the Tertiary systems the higher
mammals are met with, always sinking lower and lower in the
scale of organisation as they occur deeper in the series, till in
the Mesozoic deposits they have entirely disappeared, and their

place is taken by the lower mammals, a feeble folk, offering
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little promise of the future they were to inherit. Still lower,
and even these are gone ; and in the Permian we encounter
reptiles and the ancestors of reptiles, probably ancestors of

mammals too ; then into the Carboniferous, where we find

amphibians, but no true reptiles ; and next into the Devonian,
where fish predominate, after making their earliest appearance
at the* close of the Silurian times ; thence downwards, and the

vertebrata are no more found—we trace the evolution of the

invertebrata alone. Thus the orderly procession of organic

forms follows in precisely the true phylogenetic sequence ; in-

vertebrata first, then vertebrates, at first fish, then amphibia,
next reptiles, soon after mammals, of the lowlier kinds first, of

the higher later, and these in increasing complexity of structure

till we finally arrive at man himself. While the living world
was thus unfolding into new and nobler forms, the immutable
Lingula simply perpetuated its kind. To select it, or other

species equally sluggish, as the sole measure of the rate of bio-

logic change would seem as strange a proceeding as to confound
the swiftness of a river with the stagnation of the pools that lie

beside its banks. It is occasionally objected that the story we
have drawn from the palreontological record is mere myth or

is founded only on negative evidence. Cavils of this kind prove
a double misapprehension, partly as to the facts, partly as to the

value of negative evidence, which may be as good in its way as

any other kind of evidence.

Geologists are not unaware of the pitfalls which beset negative

evidence, and they do not conclude from the absence of fossils

in the rocks which underlie the Cambrian that pre-Cambrian
periods were devoid of life ; on the contrary, they are fully

persuaded that the seas of those times were teeming with a rich

variety of invertebrate forms. How is it that, with the exception

of some few species found in beds immediately underlying the

Cambrian, these have left behind no vestige of their existence?

The explanation does not lie in the nature of the sediments,

which are not unfitted for the preservation of fossils, nor in the

composition of the then existing sea water, which may have
contained quite as much calcium carbonate as occurs in our pre-

sent oceans ; and the only plausible supposition would appear
to be that the organisms of that time had not passed beyond
the stage now represented by the larvae of existing invertebrata,

and consequently were either unprovided with skeletons, or at

all events with skeletons durable enough for preservation. If

so, the history of the earlier stages of the evolution of the in-

vertebrata will receive no light from palaeontology ; and no direct

answer can be expected to the question whether, eighteen or

nineteen millions of years being taken as sufficient for the

evolution of the vertebrata, the remaining available eight

millions would provide for that of the invertebrate classes

which are represented in the lowest Cambrian deposits. On
a priori grounds there would appear to be no reason why it should

not. If two millions of years afforded time enough for the

conversion of fish into amphibians, a similar period should

suffice for the evolution of trilobites from annelids, or of anne-

lids from trochospheres. The step from gastrulas to trocho-

spheres might be accomplished in another two millions, and
two millions more would take us from gastrulas through morulas
to protozoa.

As things stand, biologists can have nothing to say either for

or against such a conclusion : they are not at present in a posi-

tion to offer independent evidence ; nor can they hope to be so

until they have vastly extended those promising investigations

which they are only now beginning to make into the rate of the

variation of species.

Unexpected Absence of Thermal Metamorphosis in Ancient
Rocks.

Two difficulties now remain for discussion : one based on
theories of mountain chains, the other on the unaltered state of

some ancient sediments. The latter may be taken first. Prof,

van Hise writes as follows regarding the pre-Cambrian rocks of

the Lake Superior district : "The Penokee series furnishes an
instructive lesson as to the depth to which rocks may be buried

and yet remain but slightly aftectea by metamorphosis. The
series itself is 14,000 feet thick. It was covered before being

upturned with a great thickness of Keweenaw rock.. This

series at the Montreal River is estimated to be 50,000 feet thick.

Adding to this the known thickness of the Penokee series, we have

a thickness of 64,000 feet. . . . The Penokee rocks were then

buried to a great depth, the exact amount depending upon their
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horizon and upon the stage in Keweenaw time, when the tilting

and erosion, which brought them to the surface, commenced.
' That the syncHnal trough of Lake Superior began to form

before the end of the Keweenaw period, and consequently that

the Penokee rocks were not buried under the full succession, is

more than probable. However, they must have been buried to

a great depth—at least several miles—and thus subjected to high
pressure and temperature, notwithstanding which they are

comparatively unaltered" {Tenth Annual Report U.S. Geoi.

Survey, 1888-89, P- 457)-
I select this example because it is one of the best instances of

a difficulty that occurs more than once in considering the history

of sedimentary rocks. On the supposition that the rate of

increment of temperature with descent is 1° F. for every 84
feet, or 1° C. for every 150 feet, and that it was no greater

during these early Penokee times, then at a depth of 50,000
feet the Penokee rocks would attain a temperature of nearly

333° C. ; and since water begins to exert powerful chemical

action at 180° C. they should, on the theory of a solid cooling

globe, have suffered a metamorphosis sufficient to obscure thefr

resemblance to sedimentary rocks. Either then the accepted

rate of downward increase of temperature is erroneous, or the

Penokee rocks were never depressed, in the place where they

are exposed to observation, to a depth of 50,000 feet. Let us

consider each alternative, and in the first place let us apply the

rate of temperature increment determined by Prof. Agassiz in

this very Lake Superior district : it is l° C. for every 402 feet,

and twenty-five millions of years ago, or about the time when
we may suppose the Penokee rocks were being formed, it would

be 1° C. for every 305 5 feet, with a resulting temperature at a

depth of 50,000 feet of 163" C. only. Thus the admission of a

very low rate of temperature increment would meet the diffi-

culty ; but on the other hand it would involve a period of several

hundreds of millions of years for the age of the " consistentior

status," and thus greatly exceed Prof, joly's maximum estimate

of the age of the oceans. We may therefore turn to the second

alternative. As regards this it is by no means certain that the

exposed portion of the Penokee series ever was depressed

50,000 feet : the beds lie in a synclinal the base of which indeed

may have sunk to this extent, and entered a region of metamor-

phosis ; but the only part of the system that lies exposed to

view is the upturned margin of the synclinal, and as to this it

would seem impossible to make any positive assertion as to the

depth to which it may or may not have been depressed. To
keep an open mind on the question seems our only course for

the present, but difficulties like this offer a promising field for

investigation.

The Formation of Mountain Ranges.

It is frequently alleged that mountain chains cannot be ex-

plained on the hypothesis of a solid earth cooling under the

conditions and for the period we have supposed. This is a

question well worthy of consideration, and we may first en-

deavour to picture to ourselves the conditions under which

mountain chains arise. The floor of the ocean lies at an average

depth of 2000 fathoms below the land, and is maintained at a

constant temperature, closely approaching 0° C. , by the passage

over it of cold water creeping from the polar regions. The
average temperature of the surface of the land is above zero,

but we can afford to disregard the difference in temperature

between it and the ocean floor, and may take them both at zero.

Consider next the increase of temperature with descent, which

occurs beneath the continents : at a depth of 13,000 feet, or at

same depth as the ocean floor, a temperature of 87° C. will lie

reached on the supposition that the rate of increase is l° C. for

150 feet, while with the usually accepted rate of 1° C. for 108

feet it would be 120° C. But at this depth the ocean floor,

which is on the same spherical surface, is at 0° C. Thus surfaces

of equal temperature within the earth's crust will not be spherical,

but will rise or fall beneath an imaginary spherical or spheroidal

surface according as they occur beneath the continents or the

oceans. No doubt at some depth within the earth the departure

of isothermal surfaces from a spheroidal form will disappear

;

but considering the great breadth both of continents ond oceans

this depth must be considerable, possibly even forty or fifty

miles. Thus the sub-continental excess of temperature may
make itself felt in regions where the rocks still retain a high

temperature, and are probably not far removed from the critical

fusion point. The effect will be to render the continents mobile

as regards the ocean floor ; or, vice-versd, the ocean floor will
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be stable compared with the continental masses. Next it may
be observed that the continents pass into the bed of the ocean
by a somewhat rapid flexure, and that it is over this area of

flexure that the sediments denuded from the land are deposited.

Under its load of sediment the sea-floor sinks down, subsiding
slowly, at about the same rate as the thickness of sediment in-

creases ; and, whether as a consequence or a cause, or both, the
flexure marking the boundary of^ land and sea becomes more
pronounced. A compensating movement occurs within the
earth's crust, and solid material may flow from under the sub-

siding area in the direction of least resistance, possibly towards
the land. At length, when some thirty or forty thousand
feet of sediment have accumulated in a basin-like form, or,

according to our reckoning, after the lapse of three or four

millions of years, the downward movement ceases, and the mass
of sediment is subjected to powerful lateral compression, which,
bringing its borders into closer proximity by some ten or thirty

miles, causes it to rise in great folds high into the air as a
mountain chain.

It is this last phase in the history of mountain making which
has given geologists more cause for painful thought than
probably any other branch of their subject, not excluding

even the age of the earth. It was at first imagined that during

the flow of time the interior of the earth lost so much heat, and
suffered so much contraction in consequence, that the exterior,

in adapting itself to the shrunken body, was compelled to fit it

like a wrinkled garment. This theory, indeed, enjoyed a
happy existence till it fell into, the hands of mathematicians,
when it fared very badly, and now lies in a pitiable condition

neglected of its friends. ^

For it seemed proved to demonstration that the contraction

consequent on cooling was wholly, even ridiculously, inadequate

to explain the wrinkling. But when we summon up courage to

inquire into the data on which the mathematical arguments are

based, we find that they include several assumptions, the truth

of which is by no means self-evident. Thus it has been assumed
that the rate at which the fusion point rises with increased pres-

sure is constant, and follows the same law as is deduced from
experiments made under such pressures as we can command in

our laboratories down to the very centre of the earth, where the

pressures are of an altogether different order of magnitude ; so

with a still more important coefficient, that of expansion, our

knowledge of this quantity is founded on the behaviour of rocks

heated under ordinary atmospheric pressure, and it is assumed
that the same coefficient as is thus obtained may be safely

applied to material which is kept solid, possibly near the critical

int, under the tremendous pressure of the depths of the crust,

b this last assumption we owe the terrible bogies that have
been conjured out of "the level of no strain." The depth of

this as calculated by the Rev. O. Fisher is so trifling that it

would be passed through by all very deep mines. Mr. C.

Davison, however, has shown that it will lie considerably

deeper, if the known increase of the coefficient of expansion

with rise of temperature be taken into account. It is possible,

it is even likely, that the coefficient of expansion becomes vastly

greater when regions are entered where the rocks are compelled

into the solid state by pressure. So little do we actually know
of the behaviour of rock under these conditions that the

geologist would seem to be left very much to his own devices ;

but it would seem there is one temptation he must resist—he

may not take refuge in the hypothesis of a liquid interior.

We shall boldly assume that the contraction at some unknown
depth in the interior of the earth is sufficient to afford the ex-

planation we seek. The course of events may then proceed

as follows. The contraction of the interior of the earth, con-

sequent on its loss of heat, causes the crust to fall upon it in

folds, which rise over the continents and sink under the oceans,

and the flexure of the area of sedinientation is partly a conse-

quence of this folding, partly of overloading. By the time a

depression of some 30,000 or 40,000 feet has occurred along the

ocean border the relation between continents and oceans has

become unstable, and readjustment takes place, probably by a

giving way of the continents, and chiefly along the zone of

greatest weakness, i.e. the area of sedimentation, which thus

becomes the zone of mountain building. It may be observed

that at great depths readjustment will be produced by a slow

flowing of solid rock, and it is only comparatively near the

surface, five or ten miles at the most below, that failure of

1 With some exceptions, notably Mr. C. Davison, a consistent supporter

of the theory of contraction.

Z
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support can lead to sudden fracture and collapse ; hence the

comparatively superficial orifjin of earthquakes.

Given a sufficiently large coefficient of expansion—and there

is much to suggest its existence [vide, p. 483)—and all the

phenomena of mountain ranges become explicable : they begin

to present an appearance that invites mathematical treatment ;

they inspire us with the hope that from a knowledge of the

height and dimensions of a continent and its relations to the

bordering ocean we may be able to predict when and where a

mountain chain should arise, and the theory which explains

them promises to guide us to an interpretation of those world-

wide unconformities which Suess can only account for by a

transgression of the sea. Finally it relieves us of the difficulty

presented by mountain formation in regard to the estimated

duration of geological time.

Influence of Variations in the Eccentricity of the Earth's Orbit.

This may perhaps be the place to notice a highly interesting

speculation which we owe to Prof. Blytt, who has attempted to

establish a connection between periods of readjustment of the

earth's crust and variations in the eccentricity of the earth's

orbit. Without entering into any discussion of Prof. Blytt's

methods, we may offer a comparison of his results with those

that follow from our rough estimate of one foot of sediment
accumulated in a century.

Table showing the Time that has elapsed since the Beginning of
the Systems in the first column, as reckoned from Thickness

of Sediment in the second column, and by Prof Blytt in the

third .—
Years Years

Eocene ... 4,200,000 ... 3,250,000
Oligocene ... 3,000,000 ... 1,810,000
Miocene ... 1,800,000 ... 1,160,000
Pliocene ... 900,000 ... 700,000
Pleistocene ... 400,000 ... 350,000

It is now time to return to the task, too long postponed, of

discussing the data from which we have been led to conclude
that a probable rate at which sediments have accumulated in

places where they attain their maximum thickness is one foot

per century.

Rate of Deposition of Sediment.

We owe to Sir Archibald Geikie a most instructive method
of estimating the existing rate at which our continents and
islands are being washed into the sea by the action of rain and
rivers : by this we find that the present land surface is being
reduced in height to the extent on an average of 1/2400 foot

yearly (according to Prof. Penck 1/3600 foot). If the material

removed from the land were uniformly distributed over an area
€qual to that from which it had been derived, it would form a
layer of rock 1/2400 foot thick yearly, i.e. the rates of denuda-
tion and deposition would be identical. But the two areas,

that of denudation and that of deposition, are seldom or never
equal, the latter as a rule being much the smaller. Thus the
area of that part of North America which drains into the Gulf of

Mexico measures 1,800,000 square miles ; the area over which
its sediments are deposited is, so far as I can gather from Prof.

Agassiz' statements, less than 180,000 square miles ; while Mr.
McGee estimates it at only 100,000 square miles. Using the
largest number, the area of deposition is found to measure one-
tenth the area of denudation ; the average rate of deposition

-will therefore be ten times as great as the rate of denudation,
or -2^5^ foot may be supposed to be uniformly distributed over
the area of sedimentation in the course of a year. But the

thickness by which we have measured the strata of our geo-
ilogical systems is not an average but a maximum thickness ; we
have therefore to obtain an estimate of the maximum rate of

deposition. If we assume the deposited sediments to be
arranged somewhat after the fashion of a wedge with the thin

end seawards, then twice the average would give us the maxi-
mum rate of deposition ; this would be one foot in 120 years.

But the sheets of deposited sediment are not merely thicker
towards the land, thinner towards the sea, they also increase in

thickness towards the rivers in which they have their source, so

that a very obtuse-angled cone, or, better, the down-turned
,t)owl of a spoon, would more nearly represent their form. This
iform tends to disappear under the action of waves and currents,

.but a limit is set to this disturbing influence by the subsidence
which marks the region opposite the mouth of a large river. By
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this the strata are gradually let downwards, so that they come
to assume the form of the bowl of a spoon turned upwards.
Thus a further correction is necessary if we are to arrive at a
fair estimate of the maximum rate of deposition. Considering
the very rapid rate at which our ancient systems diminish in

thickness when traced in all directions from the localities where
they attain their maximum, it would appear that this correction

must be a large one. If we reduce our already corrected esti-

mate by one-fifth, we arrive at a rate of one foot of sediment
deposited in a century.

No doubt this value is often exceeded ; thus in the case of

the Mississippi River the bar of the south-west pass advanced
between the years 1838 and 1874 a distance of over 2 miles,

covering an area 2 '2 miles in width with a deposit of sediment
80 feet in thickness; outside the bar, where the sea is 250 feet

in depth, sediment accumulates, according to Messrs. Humphreys
and Abbot, at a rate of 2 feet yearly. It is quite possible,

indeed it is very likely, that some of our ancient strata have
been formed with corresponding rapidity. No gravel or coarse

sand is deposited over the Mississippi delta ; such material is

not carried further seawards than New Orleans, Thus the vast

sheets of conglomerate and sandstone which contribute so

largely to some of our ancient systems, such as the Cambrian,
Old Red Sandstone, Millstone Grit, and Coal Mea.sures, must
have accumulated under very different conditions, conditions for

which it is not easy to find a parallel ; but in any case these

deposits afford evidence of very rapid accumulation.
These considerations will not tempt us, however, to modify our

estimate of one foot in a century ; for though in some cases this

rate may have been exceeded, in others it may not have been
nearly attained.

Closely connected with the rate of deposition is that of the

changing level of land and sea ; in some cases, as in the

Wealden delta, subsidence and deposition appear to have pro-

ceeded with equal steps, so that we might regard them as trans-

posable terms. It would therefore prove of great assistance if

we could determine the average rate at which movements of the

ground are proceeding ; it might naturally be expected that the

accurate records kept by tidal gauges in various parts of the

world would afford us some information on this subject ; and
no doubt they would, were it not for the singular misbehaviour
of the sea, which does not maintain a constant level, its fluctua-

tions being due, according to Prof Darwin, to the irregular

melting of ice in the polar regions. Of more immediate
application are the results of Herr L. Holmstrom's observations

in Scandinavia, which prove an average rise of the peninsula at

the rate of 3 feet in a century to be still in progress ; and Mr.
G. K. Gilbert's measurements in the great Lake district of

North America, which indicate a tilting of the continent at the

rate of 3 inches per hundred miles per century. But while

measurements like these may furnish us with some notion of the

sort of speed of these changes, they are not sufficient even to

suggest an average ; for this we must be content to wait till

sufficient tidal observations have accumulated, and the disturbing

effect of the inconstancy of the sea-level is eliminated.

It may be objected that in framing our estimate we have
taken into account mechanical sediments only, and ignored

others of equal importance, such as limestone and coal. With
regard to limestone, its thickness in regions where systems

attain their maximum may be taken as negligible ; nor is the

formation of limestone necessarily a slow process. The success-

ful experiments of Dr. Allan, cited by Darwin, prove that reef-

building corals may grow at the astonishing rate of six feet in

height per annum.
In respect of coal there is much to suggest that its growth

was rapid. The carboniferous period well deserves its name,
for never before, never since, have Carbonaceous deposits ac-

cumulated to such a remarkable thickness or over such wide
areas of the earth's surface. The explanation is doubtless partly

to be found in favourable climatal conditions, but also, I think,

in the youthful energy of a new and overmastering type of vege-

tation, which then for the first time acquired the dominion of

the land. If we turn to our modern peat-bogs, the only Car-

bonaceous growths available for comparison, we find from data

given by Sir A. Geikie that a fairly average rate of increase is

six feet in a century, which might perhaps correspond to one
foot of coal in the same period.

The rate of deposition has been taken as uniform through the

whole period of time recorded by stratified rocks ; but lest it

should be supposed that this involves a tacit admission of



September 13, 1900] NATURE 489

uniformity, I hasten to explain that in this matter we have no
choice ; we may feel convinced that the rate has varied from

time to time, but in what direction, or to what extent, it is

impossible to conjecture. That the sun was once much hotter

is probable, but equally so that at an earlier period it was much
colder ; and even if in its youth all the activities of our planet

were enhanced, this fact might not affect the maximum thick-

ness of deposits. An increase in the radiation of the sun, while

it would stimulate all the powers of subaerial denudation, would
also produce stronger winds and marine currents ; stronger

currents would also result from the greater magnitude and fre-

quency of the tides, and thus while larger quantities of sediment
might be delivered into the sea they would be distributed over

wider areas, and the difference between the maximum and
average thickness of deposits would consequently be diminished.

Indications of such a wider distribution may perhaps be recog-

nised in the Palteozoic systems. Thus we are compelled to

treat our rate of deposition as uniform, notwithstanding the

serious error this may involve.

The reasonableness ofour estimate will perhaps best appear from

a few applications. Fig. 2 is a chart,

based on a map by De Lapparent, re-

presenting the distribution of land and
sea over the European area during the

Cambrian period. The strata of this

system attain their maximum thick-

ness of 12,000 feet in Merionethshire,

Wales ; they rapidly thin out north-

wards, and are absent in Anglesey ;

scarcely less rapidly towards Shrop-
shire, where they are 3000 feet thick ;

still a little less rapidly towards the

Malverns, where they are only 800
feet thick ; and most slowly towards
St. David's Head, where they are

7400 feet thick. The Cambrian rocks

of Wales were in all probability the

deposits of a river system which
drained some vanished land once
situated to the west. How great was
the extent of this land none can say ;

some geologists imagine it to have
obliterated the whole or greater part

of the North Atlantic Ocean. For
my part I am content with a some-
what large island. What area of this

island, we may ask, would suffice to

supply the Cambrian sediments of

Wales and Shropshire ? Admitting
that the area of denudation was ten

times as large as the area of deposi-

tion, its dimensions are indicated by
the figure a b c d on the chart. This
evidently leaves room enough on the

island to furnish all the other deposits

which are distributed along the west-

ern shores of the Cambrian Sea, while

those on the east are amply provided for by that portion of the

European continent which then stood above water.

If one foot in a century be a quantity so small as . to dis-

appoint the imagination of its accustomed exercise, let us turn

to the Cambrian succession of Scandinavia, where all the zones
recognised in the British series are represented by a column of

sediment 290 feet in thickness. If 1,600,000 years be a correct

estimate of the duration of Cambrian time, then each foot of the

Scandinavian strata must have occupied 5513 years in its

formation. Are these figures sufficiently inconceivable ?

In the succeeding system, that of the Ordovician, the maxi
mum thickness is 1 7,000 feet. Its deposits are distributed over a
wider area than the Cambrian, but they also occupied longer
time in their formation ; hence the area from which they were
derived need not necessarily have been larger than that of the

preceding period.

Great changes in the geography of our area ushered in the
Silurian system : its maximum thickness is found over the Lake
district, and amounts to 15,000 feet; but in the little island of
Gothland, where all the subdivisions of the system, from the
Landovery to the Upper Ludlow, occur in complete sequence,
the thickness is only 208 feet. In Gothland, therefore, accord-

ing to our computation, the rate of accumulation wa.s one foot

in 721 1 years.

With this example we must conclude, merely adding that the
same story is told by other systems and other countries, and
that, so far as my investigations have extended, I can find no
evidence which would suggest an extension of the estimate I

have proposed. It is but an estimate, and those who have made
acquaintance with " estimates " in the practical affairs of life

know how far this kind of computation may guide us to or
from the truth.

This Address is already unduly long, and yet not long enough
for the magnitude of the subject of which it treats. As we
glance backwards over the past we see catastrophism yield to

uniformitarianism, and this to evolution, but each as it disappears
leaves behind some precious residue of truth. For the future of

our science our ambition is that which inspired the closing words
of your last President's Address, that it may become more ex-

perimental and exact. Our present watchword is Evolution.
May our next be Measurement and Experiment, Experiment
and Measurement.
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Chart of the distribution of land and sea, and of the thickness of deposits of the Cambriaiv.
system. The dotted lines indicate distances of 100 and 200 miles from the shore.

NOTES.
Another of those disastrous hurricanes which occasionally

visit the West Indies and United States at this season of the

year has to be recorded. On the 8th inst. a storm of great

violence struck the coasts of Louisiana and Texas, andj owing
to the thickly populated districts over which it swept and to the

high water wave which accompanied it, immense destruction to

property and lamentable loss of life ensued. The fury of the

j

storm is said to have been felt for at least a hundred miles

i

inland, but up to the present time scarcely any details have
arrived as to its character and the exact path that it followed.

This part of America is one of the three regions referred to in

;

the works of Prof. W. M. Davis from which tropical storms

I

move into temperate latitudes in the northern hemisphere ; but
we must wait for further details before it can be stated whether
the one in question was of the nature of a tornado, which differs

from an ordinary hurricane chiefly in its excessive violence over

j

a small, instead of a large, area. From the description so far
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given, and from its duration, the storm would appear to have

been of the nature of the worst West India hurricanes.

The Stella Polare, with the Duke of the Abruzzi and mem-

bers of his Arctic expedition on board, arrived at Christiania on

Tuesday. A Renter telegram from Tromso states that the ship

was pushed by the ice in Table Bay right on to the land, and

four separate parties were sent out from it. The first was

despatched northwards to establish depots, and had to travel

two days overland. The second party, consisting of a Norwegian

and two Italians, was to have been out twelve days, but the men

never returned. The third party were away twenty-four days,

and the fourth 105 days. This last reached lat. 86° 33' N.,

thus penetrating a little further north than Dr. Nansen and

Lieut. Johansen, who reached lat. 86° 14' N. The scientific

results of the expedition are said to be satisfactory, but no

information concerning them, or of the latitude observations, is

yet available.

The recent Congress of British Chambers of Commerce at Paris

adopted resolutions urging the adoption of the metric system of

weights and measures in our Government departments, and the

teaching of decimals in public elementary schools at an early

stage, as an essential part of arithmetic.

The Entomologist for September contains an interesting

account of the artificial ant-hills in the Paris Exhibition. These

are shown by M. C. Janet, who has devoted many years to

studying the habits of the social Hymenoptera. They are made

of porous pink plaster covered with glass, through which visitors

may observe the movements of their busy inhabitants, and are

constructed after the plan of a natural hill in a garden near

Beauvois. Several species of ants are exhibited, one of which

has " slaves." M. Janet is of opinion that ants have a language

of sounds, and that at any rate they produce grating noises, prob-

ably by rubbing together their bodies ; while he is fully assured

that they possess an acute sense of hearing.

To the current issue of the Entomologists Monthly Magazine,

Sir George Hampson communicates a notice of certain mal-

formed specimens of moths recently acquired by the British

Museum. The object of the communication is to draw attention,

not only to peculiarities of the insects themselves, but likewise

to the fact that the authorities of the Museum have recently

started a collection to display the abnormalities and "sports"

which occur among insects, and, it may be added, among all

other groups of animals as well. Sir George Hampson appeals

to all entomologists to assist in the formation of this series.

The chapters on "Nature and Science for Young Folks" in

the August and September numbers of St. Nicholas maintain,

under the able editorship of Mr. E. F. Bigelow, their high

standard of excellence and interest, many of the illustrations being

unusually attractive and instructive. In the August number we

have first a delightful dissertation on "Flowers of the Sea,"

with an exquisite photograph of a dried sea-weed ; this being

followed by an account of the manner in which gnat-larvoe

maintain their breathing apparatus at the surface of the water

during the process of respiration. In the September issue the

attention of ithe young reader is at first attracted to the intrinsic

beauty of leaves—such as can be met with in any copse or wood
—by an account of how to make leaf-garlands and chains, from

which the transition is easy to the numerous points of interest

displayed by microscopic sections of these beautiful structures,

and to the part they play in the economy of nature. A prize

competition in which figures of birds and insects are given for

identification by the reader strikes us as an especially good

feature, and in every way superior to the useless and hackneyed

"missing word competition."
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The meteorological reporter to the Government of India

has issued his usual "Brief memorandum on the weather in

India during the months of June and July, and forecast of the

general distribution of the rainfall in India during the months

of August and September, 1900." The character of the mon-

soon rains in June and July has been in fair accordance with the

forecast issued in the beginning of June. From a consideration

of the weather and "of the snowfall in the mountains during

those months, it is assumed that the general distribution of

rainfall for the months of August and September will be

favourable. A comparison with several previous years also

suggests that it is probable that the rainfall of the retreating

south-west monsoon (October to December) will be favourably

distributed in the Peninsula.

The French Meteorological Office has recently issued its

Annales for the year 1897 ; the first volume, under the title

of " Memoirs," contains, in addition to the usual articles relating

to thunderstorms and ma;jfl€tic observations, a discussion by

M. Angot of the temperature at a number of stations since 1851.

This valuable paper forms the first part of an investigation of

the climate of France during forty years ending with 1890. A
second memoir by M. Angot contains the principal results of the

simultaneous observations made at the Meteorological Office in

Paris and on the Eiffel Tower during six years. M. Teisserenc

de Bort, who established and maintains at Trappes an observa-

tory specially devoted to the study of clouds and the movements

of the upper air, publishes the results hitherto obtained from

numerous ascents of unmanned balloons. The second volume

contains the results of observations at stations in France and its

Colonies, The publication of the valuable series of rainfall

observations, which has hitherto formed the third volume, is

postponed for the present, from motives of economy. The

Central Office in Paris receives 167 telegraphic reports daily,

and in the year in question 89 per cent, of the weather fore-

casts were successful. The observers receive encouragement

in the way of medals, sixty-eight of these were awarded for

observations on land, and eighteen for observations at sea.

Much attention is now given to the development of observations

in the French Colonies, and in distant parts generally, a matter

which, until a few years ago, had been somewhat overlooked.

Many attempts have been made to introduce Euclid's Fifth

Book, or its equivalent, in the teaching of geometry, and recently

a work on the Fifth and Sixth Books appeared from the pen of

Prof. M. J. M. Hill, F.R.S. A later contribution to this sub-

ject is a paper, by Prof. George A. Gibson, on " Proportion," a

substitute for the Fifth Book of Euclid's Elements, published as

an appendix to the Proceedings of the Edinburgh Mathematical

Society. A deductive treatment of proportion such as this,

which takes account of incommensurability, is doubtless a good

mental training for the advanced student ; but seeing that in an

elementary course on arithmetic and algebra the rules for

multiplying and dividing negative and fractional quantities are

practically never logically proved by students, but rather assumed

and applied to working examples, there is surely sufficient pre-

cedent for taking it as granted that the laws of proportion apply

to incommensurable magnitudes. At any rate the matter is one

for discussion between the two schools, one of which seeks to

put the teaching of mathematics on a rigorously deductive basis,

while the other would abolish Euclid's lengthy deductions and

rather teach the results of mathematical reasoning and how to

work with them in practical applications.

We have received a copy of a rectorial address, delivered by

Prof. Briickner before the University of Berne, entitled " Die

Schweizerische Landschaft einst und jetzt." The topographical

changes which have taken place in Switzerland since the glacial
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period and wiihin historic times are summarised, and apart

from the intrinsic interest of the subject, the address is an

admirable illustration of the methods of descriptive geography.

Dr. a. Lorenzen contributes two articles to Die Natur on

the Danish Expedition to East Greenland in 1898-1899. The
expedition was successful in closely following the plan of work

with which it set out. Its chief results consist of mapping the

coast of Greenland from lat. 65° J' N. to 67° 22' N. , and sketching

it as far as 68' N. ; making botanical, zoological and geological

collections ; ethnographic observations ; observations of the ice

north of the Angmagsalik district ; meteorological and other

observations in winter quarters.

Our German contemporary, Naturwissenschaflliche IVochen-

schrijt for August 19 and September 2 contains a full account

of the discovery of the remains of Grypotheriuni listai in Ultima

Esperanza cavern, Patagonia.

Perhaps the most interesting article in the September number
of the Irish Naturalist is an account, by Mr. R. Warren, of a

visit to Loch Erne in search of the Sandwich tern, which has

hitherto been known to breed in Ireland only in a single locality

in county Mayo.

The report of the expeditions organised by the British

Astronomical Association to observe the total solar eclipse of

.May 28, 1900, will be contained in a volume shortly to be

issued from the office of Knowledge. The work will be edited

by Mr. E. Walter Maunder, and will contain many photographs

of the various stages of the eclipse.

Among the scientific instrument makers who exhibited in the

British Section at the Paris Exhibition, the Grand Prix was
awarded to four firms, namely :—Class 15 {Instruments de

Precision), the Cambridge Scientific Instrument Co., Ltd., Cam-
bridge, and Messrs. Ross, Ltd., London. Class 16 {MMecine
W Chirtirgie), Messrs. Down Bros., London. Class 27 {Appli-

cations diverses de V£,lectriciti), Mr. James White, Glasgow.

Mr. W. Duddell received a gold medal (Class 27) for the oscillo-

graph exhibited by the Cambridge Scientific Instrument Company,
and Mr. Wayne, the inventor of both the Wayne and Simplex

Steam-engine Indicators, and now engaged at the Cambridge

works, received a silver medal. A silver medal was also awarded

in Class 16 to the company itself. Two gold and two silver

medals were awarded to Mr. J. J. Hicks, and one to Messrs.

Crompton and Co., Messrs. Negretti and Zambra, and Messrs.

Watson and Sons ; and silver medals were also awarded to Mr.
A. Higgins, Mr. E. Wellings, Mr. W. Sims and Mr. W.
Barton of Mr. Hicks' firm.

Thk additions to the Zoological Society's Gardens during the

past week include a Lion {Felis lea) from Uganda, presented by
Captain Delme Radclifif; a Macaque Monkey {Macacus cyno-

tnolgus) from India, presented by Miss K. Bishop ; a Ring-

tailed Coati {Nasua rtifa) from South America, presented by
Mr. G. Percy Ashmore ; two Cunning Bassaris {Bassaris

astuta) from Mexico, presented by Miss Franklin ; two Chilian

Sea Eagles {Geranoai'tus melanoleucus) from South America,
iiresented by Mr. Tom Simonds ; a Puma {Felis concolor) from

ic Argentine Republic, presented by Mr. Maurice F. Dennis ; a
Nilotic Crocodile {Crocodilus niloticus) from Omdurman, pre-

nted by Major H. B. Weatherall ; two Tenrecs {Centetes

audatus) from Madagascar, a Cunning Bassaris {Bassaris
' luta) from Mexico, three Cardinal Eclectus {Eclectus cardi-

ilis) from Moluccas, deposited ; two Purple Herons {Ardea
Jiurpurea), two Common Cormorants {Phalaerocorax carbo),

<hree Common Spoonbills {Platalea leucorodia), European,
f)urchased.
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OUR ASTRONOMICAL COLUMN
Ephemeris for Observations ok Eros.—The following

is continued from the new data given by E. Millosevich in the

Astronomische Nachrichten (Band 153, No. 3660) :
—

Ephemeris for I2h. Berlin Mean Time.

Dec!.

Sept.

R.A.
h. m. s.

2 34 19 43
35 '1-87

36 2-36

36 50-83

37 37 20

38 21-38

39 3-30
2 39 42 89

The following elements for two epochs some two years apart

are also given in the same periodical :

—

I. Epoch 1898 August 25 II. Epoch 1900 October 31-5
Berlin. Berlin.

-f 38 7 24-2

38 30 7-3

38 52 52-9

39 IS 40-7

39 38 30-3

40 I 21 4
40 24 13-9

+ 40 47 7-2

M = 2o5 21 41 83
IT = 121 10 5140
a =303 31 56-17

i= 10 49 35-35
<p = 12 52 14-44
/x =20i5"-269o8

log a — 0-1637824

M = 304 24 40-34
ir = l2I 9 47-82]
9> ^303 30 50-02 Vi

i = 10 49 38-97

j

<J)
= 12 52 40-61

•
n =20i5"-23324

log a =0-1637875

THE DA YLIGHT METEOR OF SUNDA K,

SEPTEMBER 2.

JUST before sunset on September 2 a magnificent meteor was
observed in the north of England and Scotland. A large

number of descriptions of the object have appeared in the news-
papers, and it appears that notwithstanding broad daylight the

spectacle was a very brilliant one.

At St. Anne's, Lancashire, the meteor fell in a northerly

direction, and left a column of white smoke, which remained
visible ten minutes. At Hunt's Cross the time was noted as

6h. 52m., and the object is said to have fallen near Halewood,
leaving a long trail of white dust for several minutes. As seen

from Birkenhead the meteor appeared at 6h. 54m. in the N.E.,
and looked like a descending rocket. Its path was nearly

vertical, and it left a "dust trail" for nearly six minutes. At
Wetherby, Yorks, the smoke-like cloud left by the nucleus re-

mained visible until 7h. 30m. At Overton, Ellesmere, the

object is said to have apparently fallen on a field on the left

bank of the Dee, about a mile from Bangor Isycoed. At Ulver-

stone it passed over Morecambe Bay, in a southerly direction

towards Blackpool. At Penton, Cumberland, the time was
noted as 6h. 54m., and thediiection was due south. It remained
visible two seconds, and was falling towards the earth.

At Keswick, Mr. Lawson Dykes saw the fireball at 6h. 55m.,
and says it fell through an arc of about ten degrees, the altitude

of appearance being 35° and disappearance 25°. It was pear-

shaped and of immense size, with a distinct tail. The line of

flight was almost due N. to S. At Warkton, Northampton-
shire, Dr. Herbert Spencer noted the time as 6h. 55m., and says

the track of the meteorite was afterwards marked by a narrow
white streak, which persisted for more than five minutes.

At and near Edinburgh the fireball was witnessed by many
persons. One observer says that at 6h. 55m. there was a sudden
flash, and what appeared to be a streak of molten silver followed

by a train of sparks whizzed past, apparently falling into a large

field of turnips on his right hand. Its direction was due S.E.
At Inveresk the meteor appeared to be iti the direction of

Dalkeith. It resembled a large ball of fire with a tail, and
seemed to fall to the earth. At Earlswood, nine miles S.S.E.
of Birmingham, the time was noted as 6h. 55m., and the

end point of the flight occurred in altitude 20" N. and was
directed from N.N.E. At Blackwall, Alfreton, an observer noted

the time as 6h. 53m., and says the meteor left a trace in the

sky of a sinuous form and in colour a silver-gray. The trace

remained distinctly visible in the sky for thirty minutes. Its

direction was N. W. At West Kirby, Birkenhead, the meteor
was seen to fall into a wood on the east side of the hill there,

and apparently so close that the observer thought it would
ly set fire tpossibly to the trees.
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In Wiltshire a party of Bathonians saw it while driving, and

describe it as a ball of fire with a comet-like tail falling direct

from heaven to earth and alighting apparently in a field about a

mile distant.

A number of other accounts have come to hand, but for the

most part they do not supply any details which would be useful

for computing the real path of the fireball. It probably dis-

appeared over Lancashire at a height of twenty-five miles, and
was directed from a radiant point high in the northern sky.

The long-enduring streak or cosmic cloud was no doubt
illuminated by the sun's rays. It is not likely that the exact

heights of appearance and disappearance of the meteor can be
ascertained, though there are plenty of descriptions. The object

having appeared in daylight, there were no stars or other celestial

objects visible by which its path could be determined. The
observers content themselves with giving rough estimations as

to the general direction, but these are of little use in any
endeavour to compute the real path of the object. It is hoped,

however, that some further observations of a more satisfactory

character will come to hand and enable a fairly trustworthy

result to be "obtained. The fireball was a very exceptional one
to have created so brilliant an effect just before sunset.

It will be remembered that a large fireball was seen on
January 9 at 2h. 55m. in the afternoon, and that on July

17 last another of these striking objects appeared soon after

sunset and was observed by many persons in Scotland and the

north of England. The present year is likely to be a notable

one as regards the number and brilliancy of the fireballs which
have appeared. W. F. Denning.

UNI VERSITV AND EDUCA TIONAL
INTELLIGENCE.

The new Technical School at Bootle will be opened by the

Earl of Derby on Thursday, September 27.

After a discussion upon technical and commercial education

at the recent Congress of British Chambers of Commerce, in

Paris, the meeting endorsed the following resolution, which

was adopted at the Congress of Chambers of Commerce of the

Empire in June 1900:—"That it is most desirable to take

steps to urge the extension of technical and commercial educa-

tion throughout the Empire, and that wherever possible this

education should be placed under efficient public control ; and

that this congress is of opinion that the utmost effort should be

made throughout the Empire to encourage and furnish facilities

for commercial education as a branch of technical and scientific

Study, and that the Home and Colonial Governments be moved to

give aid thereto and ample powers of contribution out of local

resources ; and, further, it is very desirable that Chambers of

Commerce should be represented on Boards of Education in

order to advance the interests of commercial education."

The following is a list of candidates successful in the recent

competition for the Whitworth Scholarships and Exhibitions.

Scholarshiosof 125/. a year each (tenable for three years) : George

W. O. Howe, Harold B. Philpot, Harry Noble, William M.

Wallace. Exhibitions of 50/. (tenable for one year) : Alfred W.
Steed, Charles E. Stanier, Benjamin Moss, Isaac V. Robinson,

Herbert G. Tisdall, Leonard Southerns, Charles A. King,

John McCulloch, William P. Chandler, Charles W. Price,

Harry B. Matthews, Leonard G. Crawford, James Wilson,

George Stow, Joseph H. Dobson, Alec P. Simpson, Fredk. G.

Rappoport, Arthur J. Butler, Alfred L. Oke, James M.
Macintosh, William H. Cumner, Thomas A. Goskar, Leopold

D. Coueslant, John C. Gardner, James C. Metcalfe, Harold

Shatwell, Walter A. Turnbull, John E. Grant, Albert S.

Raworth, Henry H. Thorne.

The following Royal Exhibitions, National Scholarships and

Free Studentships in Science have been awarded by the Board

of Education, South Kensington. Royal Exhibitions : James

C. Macfarlane, William T. S. Butlin, Louis D. Stansfeld,

Leonard A. V. Webb, Isaac V. Robinson, Arthur Baker,

Benjamin Moss. National Scholarships for Mechanics : Albert

E. Dodridge, Albert Wilson, Charles E. Stanier, Frederick

Bowen, Robert R. Cormack. Free Studentships for Mechanics

:

Fred. G. Rappoport, Harry B. Matthews, John Alexander.

National Scholarships for Physics : Ernest Nightingale, Royden

C. Wale, Frederick P. Rolfe, William Tannock, Frank E.

Glover. Free Studentship for Physics : Leonard R. Broome.
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National Scholarships for Chemistry : George H. Green, Philip
S. Pomeroy, William' H. Stephens, Harold Leadbetter,
Frederick P. Leach. Free Studentship for Chemistry

:

Hamilton McCombie. National Scholarships for Biology

:

Charles Martin, Archibald D. Hogg, Cosby T. Nesbitt,
Hamilton E. Quick, Horace A. Wager. National Scholarships
for Geology : Hubert C. Jones. William Rawson. Free
Studentship for Geology : Stanley R. Jones.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, September 3.—M. Maurice Levy
in the chair.— Physiological action and therapeutical applica-

tions of compressed oxygen, by M. A. Mosso. The author has
verified and extended the observations of Haldane upon the

simultaneous action of compressed oxygen and carbonic oxide
upon various animals. Where at the ordinary pressure of the
atmosphere 0"5 per cent, or less of the carbonic oxide is fatal,

animals are not poisoned in an atmosphere of oxygen at two
atmospheres containing 6 per cent, of the gas. This result is

of interest from the physiological point of view as showing that

animals may live, without red corpuscle-, on the oxygen dis-

solved in the blood plasma, provided that the amount in

solution is sufficiently increased by pressure.—The last sign of

life, liy M. Augustus D. Waller. Living matter responds to an
electrical stimulus by a current in the same direction. The
same substance, killed by heat, either gives no response
or gives a polarisation current in the opposite sense. This
method is applied to determine the last sign of life.—On the

Laplace equations with quadratic solutions, by M. Tzitzeica.

—

On singularities of analytical functions, and in particular of func-

tions defined by differential equations, by M. Paul Painleve.

—

The effects of work of certain muscular groups on other groups
doing no work, by MM. Kronecker and Cutter. The muscles of

the lower limbs exercised in climbing were found to exert an
influence upon the biceps of the arm. A moderate amount of

work done by one group of muscles appears to have a strength-

ening effect upon another group not taking part in the action,

the effect being probably due to an increase in the circulation of

the blood and lymph.—On a perpetual calendar, by M. I'abbe

Salvatore Franco.

CONTENTS. PAGE

Bacteriology. By Dr. A. C. Houston 465

Our Book Shelf:—
Aflalo : " A Walk through the Zoological Gardens " 466

Letter to the Editor:—
The Reform of Mathematical Teaching.—W. F.

Beard 466

Sir John Bennet Lawes, Bart., F.R.S. By Prof. R.

Warington, F.R.S 467

The Bradford Meeting of the British Association.

By Ramsden Bacchus 46S

Section A.—Department of Astronomy.—Opening

Address by Dr. A. A. Common, F.R.S., Chair-

man of the Department 470

Section B.— Chemistry.—Opening Address by Prof.

W. H. Perkin, Jun., F.R.S., President of the

Section 47^

Section C—Geology [llhisira/ed.).—0^tmng Address

by Prof. W. J. Sollas, F.R.S., President of the

Section . 481

Notes 489

Our Astronomical Column:

—

Ephemeris for Observations of Eros 49 ^

The Daylight Meteor of Sunday, September 2. By

W. F. Denning 49^

University and Educational Intelligence 492

Societies and Academies 49^



NATURE 49:

THURSDAY, SEPTEMBER 20, 1900.

A MAGNETIC THEORY OF THE UNIVERSE.
From Matter to Man; a Neiv Theory of the Universe.

By A. Redcote Dewar. Pp. 289 + viii. (London :

Chapman and Hall, Ltd., 1898.)

WE do not recommend this work to the serious

attention of our readers, but as a study in

word-stringing it is not devoid of interest. It appears

to be the production of a writer who has acquired a know-
ledge of scientific terms by extensive reading, without

having any real grasp of the vast range of subjects over

which he travels. The result is such as might have been

arrived at by a student who had been through a hurried

course of cram, and who at his final examination had

been set some such question as this :— Given, a

vocabulary of scientific terms, construct a theory of

the universe.

The author is strong on magnetism. We have never

met with such a liberal use of this term as is indulged in

by Mr. Dewar. Like the "vapours" which afflicted our

ancestors in the last century, and which accounted for all

their ailments, the word magnetism accounts for nearly

everything in Mr. Dewar's universe. It is in the fifth

chapter that the stupendous importance of this form of

energy is first sprung upon the reader :

—

"The inference from this basis [that every atom is a
magnet] is astounding, for not only does it involve the
magnetism of the earth as well as the magnetism of all

the constituents of the earth, but it establishes beyond a
doubt the magnetism of all the products of the earth—
mineral, iiegetal and animal. Every crystal, plant,

animal and man is thus a magnet, whose every energy

—

muscular, nervous, vital, or mental—resolves itself into

the familiar operations of magnetism."
" Still further, as all the planets and heavenly bodies

are alike in nature, so far as we can judge from analogy,
so must they be governed by similar energy to the earth.

Hence we reach the final conclusion, that the bottom
energy of the universe is also magnetism" (pp. 72-73).

Having once become impregnated with this universal

magnetic cult, the reader, who may otherwise have been
unprepared for the series of mental shocks which is in

store for him, will learn with comparative calmness that

the difference of gravity at the equator and the poles is

because the earth is a magnet (p. 69) ; he will feel sure

that sooner or later "animal magnetism" mesmerism,
lK:c., are bound to appear on the scene, and in this he
will not be disappointed (p. 87) ; and he may even learn

with equanimity that he possesses " a virtual magnetic
battery" in his "vacuole or stomach "

(p. 85). In the

chapter on the causes of vegetal evolution we read :

—

"These huge internal fires [of the earth] are virtually

the eart/i's magnetic battery, through which it is kept in

life as a living planet tenanted with vegetal and animal
life ; hence, when all conditions are suitable, and the
soil is properly saturated with water, thereby inducing
suitable chemical action, the internal magnetic forces
throw up a clotted vegetation on every available spot of
ground on the globe. This vegetation is but a bristling
beard of earthly material ejected by the earth's mag-
netism; filaments of matter, having the same relation to
the earth as a man's beard to his chin, or as the bristling
iron filings on a horse-shoe magnet" (p. 162).
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It must be admitted that the force of magnetism can

no further go, and the attributing to this agency of the

vegetable-like accumulation of snow-drift on a projecting

obstacle (p. 124), or the turning of a sun-flower towards

the sun (p. 137), may be accepted as a mere bagatelle.

Truly, as the author says, after having evolved " vegetal

molecules" by a "chance flux of suitable atoms," the

"magnetic laws are equal to all emergencies " (p. 159).

The subtle distinction between a horse-shoe magnet as a

dry magnet, and a plant as a wet tnagnet (p. 161) is too

fine for any but ultra-metaphysical minds to grasp, but

since it leads to the practical conclusion that a flower-pot

full of moist earth is an artificial plant battery, it may be

allowed to pass by virtue of its horticultural merits.

We confess that, in turning over the pages of this

astonishing production with the object of endeavouring to

learn the author's viev/s, we have been so fascinated by

his glib manipulation of the affairs of the universe, that

we have allowed ourselves but little time for a critical

examination of his scientific data. In fact, the work may
be said to consist mainly of generalities, so that there are

but few detailed statements to. grasp. Here are a few

specimens :

—

The law of combination in definite proportions is illus-

trated (p. 58) by the statement that " if 20 parts of oxygen

be mixed with 6 of hydrogen, only 16 parts of oxygen and

2 of hydrogen unite, 8 parts remain uncombined." This

error is driven home in the following page :

—

" Innumerable elements, for instance, may often meet
in suitable conditions for combination, but if unsuitable

in proportion, no selection ensues ; consequently there is

no production," &c.

Hydrogen is said to be a constituent of saltpetre (p. 79).

"If a lot of chips be thrown into the water they all

attract each other and form a mass" (p. 87). This is

explained by the statement that sticks and stones require

" stick and stone magnets to magnetise them."
" Contrasted with chemical combination, chemical

decomposition has been almost ignored by chemists'*

(p. lOl).

" Magnetic induction " is used to explain the crystal-

lisation of a solid from a solution (p. 1 18).

After describing the movements of a "geometer"

caterpillar, the author says :
" Other caterpillars and

centipedes develop feet on each ring" (p. 198).

" The fire-flies of America, which, Diogenes-like, carry

a lamp with them," are classed with the bombardier

beetle, both the light of the former and the discharge of

the latter being described as "undoubtedly the result of

electric action " (p. 201).

It need hardly be said that the propounder of a new

philosophy—such as Mr. Dewar claims to be—must clear

away the rubbish of previous thinkers before he can lay

the foundations of his own system. Many of the current

doctrines are accordingly denounced in no measured

terms, and the author's emendations launched at the

reader. For example, the classification of matter into

simple and compound substances by chemists is scoffed

at (p. 55), and here is Mr. Dewar's amendment :

—

" From unlimited corroborative evidence we believe

this [duality or sexuality in elementary substances] to be

the case ; hence we enunciate as one of the funda-

mentals of the new Materialism that the normal chemical

Y
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•division of the elements into metallics and non-metallics

is the bottom classification of matter, the only one with

confidence to be designated great."

Again (p. 56) :

" With this alteration (hydrogen considered as metallic)

are we warranted in ascribing to this dual classification of

substance that importance, both scientifically and philo-

sophically, which we assign it? The evidence is over-

whelmingly affirmative, for no known natural product exists

which does not contain both classes of these elements
in combination. Matter itself must thus be sexual."

There is a very widely spread mineral substance com-
posed of silicon and oxygen which forms no inconsider-

able a proportion of the earth's rocky constituents, and of

which the author has no doubt heard. Silica in its various

forms is certainly a natural product ; and so Mr. Dewar
will no doubt insist upon classifying silicon with the

metals. There is also a gas composed of carbon and
oxygen which is present in the atmosphere, and which is

of vital importance for plant life. We should like to

know how Mr. Dewar brings carbon dioxide under his

" fundamental principle, which embodies one of the most

salient truths in the science of the century "(p. 57).

The reader who is anxious to know how the " New
Materialism" deals with the problem of life will find it

•disposed of in a light and airy way that might even be

provocative of mirth were it not evident on every page

that the author intends us to take him seriously. There

is absolutely no mystery about it at all—there is no un-

known force, there is no impulse different from the

ordinary laws of matter. The animal is " a mere mass of

conjoined magnets," containing "a virtual magnetic bat-

tery in its stomach " (p. 222). Elsewhere we are told that

the plant dififers from the animal in having its magnetic

battery outside instead of within, and the author seems

•quite proud of having discovered a distinction between

animals and plants that has hitherto eluded the men of

science (p. 164). As for the appearance of life on the

earth, it is a mere trifle to the " New Materialism" :

" Under suitable conditions of heat, light and moisture,

a chance flux of suitable atoms combines sexually into

vegetal molecules " (p. 159) [magnetism as before].
" Even, as on a frosty night, the surface of the ground

is whitened with crystals of rime, so in many a river and
ocean bed the water must often coagulate with millions of
vegetal and animal cells " (p. 209).

" But as igneous activity subsided to solid quiescence,
and water, soil, light and heat interacted, the proto-

plasmic elements—oxygen, hydrogen, carbon, nitrogen,

&c.—would meet in suitable proportion, and [magnetism
as before] the spontaneous production of simple
organisms—protophyta, protozoa and the lowest kinds
of fungi and algcc—would ensue as a matter of course,

&c." (p. 246).

The origin of man is described (p. 247) in a manner
that can only make the reader exclaim that the New
Materialism, like a certain historical character, is capable

de tout

:

—
" Man's first progenitors thus probably appeared on

the earth as spontaneously produced protoplasmic cells

or ovules, hundreds or thousands in number, developed
by sexual and magnetic affinities from a flux of the
chemical elements in some ambrosial inlet of water." •

No further extracts need be given, and no further

criticism is necessary to justify the opinions expressed

at the beginning of this notice. R. Meldola.
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OUR BOOK SHELF.
Untersuchunoen Uber Philons tmd Platotts Lehre von der

Weltschopfung. Von Jakob Horovitz. Pp. xiii-f- 124.
(Marburg : N. G. Elwart, 1900.)

Dr. Horovitz' essay is the outcome of his thesis
approved for the degree of philosophy in the University
of Marburg. Its purpose is to focus the rays of light

which close exegesis of the Timaeus throws upon the
cosmogonic scheme wherein Philo effected the synthesis
of Plato and Moses. While recognising the Stoic and
Neopythagorean elements in Philo's teaching. Dr.
Horovitz has little difficulty in showing that in both style
and matter the dominant influence was Plato's. It is to
the analysis, then, of Plato's creation-myth that we must
turn if we would understand Philo with his enormous
influence on the development of the doctrine of the
Logos in Christian literature.

The ^woi/ vorjrou of the Timaeus is no mythical dupli-

cate of the demiurge, but distinguished as das eiuige

Urbild from the latter, whose real causal activity leads
to an identification with the creative reason and ideal

good of earlier dialogues. The subordinate artificers of
physical creation are not the ideas as distinct from the
idea of good, but in part a concession to popular
theology, in part perhaps due to the place of evil in

Plato's system, and the fact that dualism, though over-
ruled, is not extinguished. In his valuable and textually

supported discussion of the problems. Dr. Horovitz
perhaps tends to overestimate the consistency and con-
tinuity of Plato's writings, and to underestimate the
mythus element in the Timaeus.
Now Philo's intelligible world or order, the work of

the one day of creation before time was or the serial
" days " of the production of the world of sense began,
is to be assimilated to the intelligible f«<w of Plato as
modified in conception by a use of the Stoics' metaphor
of architect and supra-sensual city. It is not the Logos
save in the sense in which his plan is the mind of the'

architect. Dr. Horovitz moves familiarly among the
conceptions of Logos, intelligible world, ideal man and
the like, and by adjustment of the emphasis on the
various clauses of Philo's commentary produces a con-
struction which might carry conviction. The mutata
of Philo, and the reasons why they were mutanda from
the Platonic theory, are well brought out. The ideal

man is the work of God, the physical man is the work of
God in conjunction with subordinate agents, and these
powers find their natural analogue in the angels of the
Jewish scheme. Platonic scholars, or those of them
who have not despaired of the (i^ov as unintelligible,

will find food for reflection in the one side of Dr.
Horovitz' study. Theologians, students of Neo-
platonism, persons who take an interest in the Hegelian
Religionsphilosophie^ may well take their starting-point

from the other. H. W. B.

Fungus Diseases of Citrus Trees in Australia, and their

Treatment. By D. McAlpine. Pp. 132 ; 19 plates.

(Melbourne: Brain, Government Printer, 1899.)

This is one of the many useful publications dealing
with plant diseases issued by the Victoria Depart-
ment of Agriculture. According to statistics given, the

cultivation of orange and lemon trees is extending
rapidly, and one successful lemon grower considers that

instead of paying 62,498/. annually for oranges and
lemons, the colony could not only produce sufficient for

home consumption, but could also supply the half of

Europe. Under these circumstances the appearance of

a work of the kind under consideration is most opportune,
more especially as it is stated to be written for the

benefit of growers. It is therefore somewhat disappoint-

ing to find that a considerable portion of the text is

devoted to technical descriptions of new species of fungi,

a subject of no interest whatever to cultivators, more
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•especially as many of the species enumerated are simply
saprophytic forms, whose presence can do no injury.

The enumeration of such species is, from a scientific

standpoint, of great value ; but they are altogether out
of place in a work which should place before practical

men the outcome of scientific research in language
•divested of scientific technicalities. The author con-
siders it essential that each fungus should possess a
popular name in addition to its scientific one, and there
is some justification for this idea, especially when
such names are of local origin, and express a
•definite idea, as "collar-rot," " wither-top," &c.,

but it is more than doubtful whether the English render-
ing of the scientific name, as " West Australian Septoria,"

or " Gloeosporium-like Colletotrichum," will be adopted
by the fruit grower. Fifty-one species of fungi found on
citrus trees are described as new to science ; this is a
somewhat daring piece of work in the comparative
absence of literature and herbaria. It must be borne m
mind that the fact of a fungus not agreeing with any
species recorded in Saccardo's " Sylloge Fungorum " by
no means justifies an author in describing it as new to

science.

In defining parasites and saprophytes respectively, the
author states that it is not always easy to decide between
the two, and the crucial test, by means of pure cultures,

is not alluded to. This, however, may not be due to lack

of knowledge or desire on the part of the author, who, as

vegetable pathologist, is probably expected to cover too

much ground ; hence fundamentals, which consume time,

iire apt to be neglected in favour of less exact methods,
which may meet with approval for the time being.

The twelve coloured plates illustrating the most pro-

nounced and destructive forms of disease attacking lemons
and oranges are excellent in every respect, and should
prove of great service in enabling planters to recognise
at an early stage the appearance of a disease which, if

neglected, might prove disastrous. The most approved
methods of treating the various diseases are given in

tabular form.

Missouri Botanical Garden. Eleventh Annual Report.

Pp. 144 ; 58 plates. (St. Louis, Missouri, 1900.)

This volume is almost entirely made up of four scientific

papers representing work carried out in connection with
the Missouri Botanical Garden. The papers are : a
dxstnsG oi Tascodiuin distichum known as " peckiness,"

also a similar disease of Libocedrus decurrens known as

pin-rot, by Dr. H. von Schrenk ; Agaves flowering in the

Washington Botanic Garden in 1898, by Mr. J. N. Rose
;

A Revision of the American species of Euphorbia of the

section Tithymalus occurring north of Mexico, by Mr.

J. B. S, Norton ; and a Revision of the species of Lo-
photocarpus of the United States, and a description of a
new species of Sagittaria, by Mr. J. G. Smith. Dr. von
Schrenk's paper has already been noticed (vol. Ixi.

p. 452).

Mr. Trelease, the director of the Garden, shows by
these papers and his report that valuable work is being
done. A small synoptical collection representative of

the principal natural orders of flowering plants has been
installed in the central part of the Garden, where it is

proposed to continue it as a convenient means of enabling
teachers in elementary schools to demonstrate to their

pupils the characters of the larger plant groups. The
total number of species and varieties now cultivated in

the Garden is nearly ten thousand.
Mr. Trelease devoted a couple of months last summer

to the study of the botany of the Alaskan coast region

and the islands of Bering Sea, as a member of the
Harriman Alaska Expedition. The scientific results of

his work will, no doubt, be published after the large

amount of material collected has been subjected to critical

study.
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LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond -with the writers of rejected

manuscripts intended for this or any other part of Nature.
No notice is taken of anonymous communications.'^

Atmospheric Electricity and Dew-ponds.

It is not my intention to enter into controversy with such

autl>orities as Mr. Aitken or Mr. Wilson. I wish only to de-

scribe certain phenomena which have come under my notice, in

the hope that I may help to throw some light on a subject of

great importance, theoretical as well as practical.

On the chalk hills in the south-east of England there are a num-
ber of ponds known as dew-ponds. One of these was described

by Gilbert White (" Natural History of Selborne," Letter 29).

There is a pond of considerable size at one of the highest points of

the main ridge of the South Downs close to Chanctonbury
Ring. From its position it is obvious that this pond can only

be fed by water precipitated into it directly from the air. Yet
it always contains a considerable volume of water. At the end
of the dry weather last year, when most of the ponds in the

valleys were empty, this dew-pond still contained several thou-

sand gallons. How does this pond obtain the enormous
quantities of water necessary to compensate for the rapid

evaporation in such an exposed position, and also to supply

large flocks of sheep ?

It appeared to me that therejwas but one possible explanation :

a diff"erence of electrical potential must cause an attraction

between the particles of moisture and the summit of the hill

upon which the pond is situated. It is, of course, well known
that drops of rain, &c., usually have an electrical charge, but it

was necessary to ascertain whether this was capable of producing

such a great effect In order to test this point I took two
porcelain basins of equal size and suspended them by means of

silk threads from stakes driven into the ground at a high part of

the ridge of the South Downs. In each of these basins was fixed

an upright piece of sheet-copper. The two pieces of apparatus

were placed in exactly similar positions and were in every respect

identical, except that in the one case the copper screen was con-

nected to earth by means of a wire, whereas in the other case it

was insulated by the silk threads.

The apparatus was left thus during the night of April I, 1899.

There was a thick mist on the hills, so much so that I was
unable to select the most favourable position for the apparatus.

In the morning the amount of water in the two basins was
measured. In the basin with the insulated screen there were

15*5 c.c. of water; in that with the screen connected to earth

there were l8'0 c.c. This clearly confirmed my theory, for the

insulated apparatus would tend to acquire an electrical charge

from the particles of moisture. Consequently the attraction

would be less than in the case of the apparatus which was not

insulated. The insulation must have been very imperfect, for the

silk became saturated with moisture as soon as the apparatus was
erected. The position chosen, also, was not so favourable as

it might have been. Nevertheless there was a difference of

16 per cent, in the quantities of moisture collected.

I intended to repeat and extend the experiment, but I have

been unable to find an opportunity. I hope that this letter

will call attention to a matter of considerable interest.

Arthur Marshall.
Chemical Department, Woolwich Arsenal, September 10.

Huxley and his Work.

Mr. Henkel's quotation from " One Hundred and One
Great Writers " (Nature, September 6) reminds one that the

taunt of being a populariser was familiar enough to Huxley

himself. It recalls also the little side-thrusts with which in

return the detractors were sometimes honoured. In the preface

to vol. viii. of the " Collected Essays," for instance, Huxley

remarks :

—

" The popularisation of science has its drawbacks. Success

in this department has its perils for those who succeed. The
people who fail take their revenge, as we have recently' had

occasion to observe, by ignoring all the rest of a man's work

and glibly labelling him a mere populariser.

"
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The belittling process, though unjustifiable, was understand-

able enough in those old days of controversy. To-day it seems

raher uncharitable. C. Simmonds.
Thurlow Hill, West Dulwich, September 17.

A Large Tasmanian Crab.

I AM sending you a photograph of a large crab {Psilocramum

^gas), caught in the Tasmanian waters during the present

month. The crab weighed 30 lbs. It is one of the largest that

has been caught in these waters. We have several specimens

in the Tasmanian Museum weighing from 16 to 22 lbs. They

are generally caught by the fishermen in very deep water, from
fifteen to thirty fathoms, while fishing for the fish known as the
Tasmanian Trumpeter {Latris hecateia).

I shall be glad to know whether readers of Nature have
ever known of a larger Psilocraiiium gigas having been caught.

Alex. Morton.
Tasmanian Museum and Art Gallery, July 30.

Large Puff Balls.

Having seen in some papers lately notices of large pufif balls,

it may probably be of interest to record the measurements of one
far exceeding in size any I ever heard of.

It was found by my daughter, Mrs. Pole-Carew, in a small
park belonging to me near this place, where she is residing. I

took careful measurements of it at the time it was found, of
which I send you a copy.

It differed in no respect except size, either inside or out, from
the ordinary smooth puff ball.

Measurements of a large Puff Ballfound in Chipley Park, near
\

Wellington, Somerset, /une 12, 1900.
j

Horizontal circumference

Vertical ditto, greatest

,, ,, smallest

Height

Greatest width

Smallest ,,

Weight

57 inches

51

46 „
14

i8i „

17

14 lb. 10 oz.

W. A. Sanford.

Nynehead Court, Wellington, Somerset, September 11.

"A Tour through Great Britain in 1727."

Is not the "Tour" queried by your reviewer (p. 417,
column 2) that of Defoe, which has frequently been reprinted?
and yet the first edition {1724-27) is still the best, in spite of
re-editors and its extension from three vols, to four.

Ulverston. S. L. Petty.
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PROF. HENRY SIDGWICK.
T^HE death of Henry Sidgwick entails the removal of
*- one of the most potent influences that have been

felt in Cambridge for the last forty years. Only a brief
allusion can be made here to the time and energy which
he devoted to University afifairs, and to the constant and
generous aid given by him to departments handicapped
by poverty. As one of the strongest leaders in Univer-
sity policy, his power depended on a practical insight and
decision of view for which those who know him only
through his writings would be unlikely to credit him.
He was born in 1838. His father, the Rev. William

Sidgwick, was headmaster of the Skipton Grammar
School. Having been at Rugby under Dr. Goulburn, he
entered Trinity College in October 1855. In 1859 he
took his degree as Senior Classic and 33rd Wrangler,
was elected to a Trinity Fellowship, and soon afterwards
appointed Lecturer in Classics and Assistant Tutor. His
interest in literary criticism and in problems of practical

ethics was indicated, at this early stage, by various minor
writings, of which we may specially mention an article

on "The Prophet of Culture" {Macmillan's Magazine,
1867), in which he made a very characteristic examination
of Matthew Arnold's closing lecture at Oxford. In 1868
was founded a Society, called "The Free Christian
Union," of which Sidgwick was vice-president. His
famous essay on " The Ethics of Conformity and Sub-
scription" (1870) was written at the Society's request.
This period of his life culminated in 1869 in the deter-
mination to give up his Trinity Fellowship on the ground
that he no longer believed in the explicit creed to which the
holders of Fellowships were required to subscribe under
the old system of "tests." This action of Sidgwick's and
the similar acts of some of his friends and contemporaries
were undoubtedly important forces in the promotion of
the abolition of the tests. Not long after, Sidgwick was
made Lecturer and Examiner in the Moral Sciences, and
later, Praslector in Moral and Political Philosophy at

Trinity. In 1881 he was elected to an Honorary Fellow-
ship there, and in 1883 he succeeded Birks in the
Knightbridge Professorship of Moral Philosophy, which
he resigned at the beginning of his illness last June.
As a teacher, Sidgwick exerted a profound and en-

during influence, largely due to the extraordinary patience
and quick perception with which he recognised and criti-

cised the efforts of his pupils at independent thought.
He presented to them an ideal of conscientious thorough-
ness in the pursuit of speculative truth, which has
impressed and inspired even those who have developed
their thought in directions far removed from his own.

Sidgwick's most important work, "The Methods of
Ethics," was published in 1874 (2nd ed., 1877 : 3rd,

1884 ;
4th, 1890; 5th, 1893). Its purpose is unlike that

of most other modern works in philosophy. Not aiming
directly at the construction of an ethical system, it

adopts rather the Socratic method of stimulating the

plain man to examine his own principles, and by self-

criticism to free them from vagueness, obscurity and in-

consistency. By many readers the unimpassioned, elabor-

ately reasoned, judiciously balanced criticism is found
unprofitable. But its penetrating subtlety and breadth
of view are characteristics which have been recognised

by all who have come under its influence, and have won
for it a place amongst the philosophical classics. In

general spirit it carries on the tradition of English
common-sense empiricism ; and, while to Sidgwick all

forms of transcendentalism were repellent, yet unUke
many of his predecessors in English philosophy, his

criticism of opposed schools of thought was always keen
and thoroughly scholarly. A different side of Sidgwick's

intellectual character is shown in his work on " Practical

Ethics," a collection of essays and addresses (1898), in

which his speculations are applied to the very definite

solution of actual problems of conduct in modern life.
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In the " Outlines of the History of Ethics for English
Readers," Sidgwick has supplied a most useful guide to

the study of the subject. In the " Principles of Political

Economy" (ist ed., 1883; 2nd, 1887) and in "The
Scope and Method of Economic Science" (1885), there is

a return to the older English thought, but the subject is

treated with an acuteness and originality specially

characteristic of Sidgwick's intellect, which have given to

these works real value as contributions to economic
science. The third book of the principles contains the
"Art of Political Economy," which, together with "The
Elements of Politics" (ist ed., 1891 ; 2nd, 1897),
shows the keen interest always felt by Sidgwick in

political and social questions, and the practical sagacity
with which he handles these problems. In politics,

Sidgwick combined the freedom from prejudice of the
Radical with the caution of the Conservative.

Perhaps the most important practical work with which
the name of Sidgwick has been associated is in connection
with the higher education of women. He was the virtual

founder of Newnham College, through the scheme of
lectures for women which he initiated in 1869, and the
house of residence which he started and persuaded Miss
Clough to take charge of in 187 1. In 1880, Mrs. Sidg-
wick having consented to become vice-principal of the
second Hall of the College just opened, they both came
to live there for two years ; and when, after Miss
Clough's death in 1892, Mrs. Sidgwick became principal

of the College, they made it their permanent home.
In 1882 Sidgwick accepted the presidency of the

newly formed Society for Psychical Research, in the
subject-matter of which he had been interested for many
years. The spirit which has characterised the proceed-
ings of the Society, and the success which it has achieved,
have been largely due to the sobriety and wisdom of
Sidgwick's constant counsel and control.

PROF. JAMES EDWARD KEELER}
'X'HE sudden death of Prof. James E. Keeler, director
-* of the Lick Observatory, which occurred at San
Francisco on August 12, removes one who stood at the
very forefront of astrophysical research.

James Edward Keeler was born at La Salle, Illinois,

on September 8, 1857. His qualifications for scientific

work clearly showed themselves at the Johns Hopkins
University, where he took an undergraduate course, and
served as assistant to Prof. Hastings, with whom he
observed the total solar eclipse of 1878 in Colorado.

Shortly after this he was appointed assistant at the
Allegheny Observatory, where he had an important part
in the long series of bolometric investigations carried
on by Prof. Langley, then director of the Observatory.
In July 188 1 he was a member of Prof. Langley's well-
known expedition to Mount Whitney, in Southern Cali-
fornia, where an extensive region in the extreme infra-
red of the solar spectrum was discovered with the bolo-
meter. Later he studied for two years in Berlin and
Heidelberg under Helmholtz and Quincke, and returned
to the Allegheny Observatory, where he remained
until appointed a member of the staff of the Lick
Observatory. His work on Mount Hamilton commenced
in 1885, and for some time he was the only astronomer at
the Observatory, which was still in process of construc-
tion. In May 1891 he was elected professor of astro-
physics in the Western University of Pennsylvania and
director of the .\llegheny Observatory.

Keeler's work at the Lick Observatory was continued
in a most effective manner with the modest instrumental
resources at Allegheny. With a full understanding of the
art of making the most of his means, he took up photo-

1 Abridged from an obitu.irj- notice contributed to Science of September 7
by Prof. George E. Hale.

'
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graphy for the first time, made himself thoroughly familiar
with photographic processes, and then, with the aid of a
spectrograph whose general design has been followed in

the construction of the great modern spectrographs at
Mt. Hamilton, Potsdam, Pulkowa and Williams Bay, he
obtained the photographs of the spectra of red stars
which excited so much interest at the dedication of the
Yerkes Observatory. He also made an admirable series
of drawings of Mars, which was published in the
Memoirs of the Royal Astronomical Society.

In the spring of 1898 Keeler had practically decided to
accept a position on the staff of the Yerkes Observatory,
and would have done so had he not just then been
appointed director of the Lick Observatory. His recent
woik on Mt. Hamilton has not been confined to the
direction of the affairs of a great observatory. The re-

markable success of his experiments with the Crossley
reflector, of which a full account is fortunately preserved
in the June number of the Astrophysical Journal, has
impressed every one who has seen the wonderful photo-
graphs of nebuL-B and star clusters made with this
instrument.
Of Keeler's other contributions to science two in par-

ticular deserve present mention : his determination with
the Lick telescope of the motion in the line of sight of
the planetary nebulae, and his demonstration of the
meteoric constitution of Saturn's rings. The memoir
which describes the first of these investigations already
ranks as a classic of astrophysical literature ; while the
spectroscopic demonstration of the meteoric constitution
of Saturn's rings is perhaps the most striking of the many
effective applications which have been made of Doppler's
fruitful principle.

Much more might be said of Keeler's work, but this
should suffice to indicate its lasting value. It is a satis-

faction to add that its merit has been widely appreciated,
as has recently been evidenced by the award of the
Draper and Rumford medals. He was president of
the Astronomical Society of the Pacific and a councillor
of the Astronomical and Astrophysical Society of
America. He was elected an Associate of the Royal
Astronomical Society in 1898 and a member of the
National Academy of Sciences at its last meeting. His
kindly and genial manner, combined with unusual tact
and rare judgment, drew to him many friends, who will
long mourn his loss.

NOTES.
The annual meeting of the Iron and Steel Institute was

opened at Paris on Tuesday with an address by the president,

Sir W. Roberts-Austen, K.C.B., r.R.S. It was announced
that Mr. Andrew Carnegie has offered to the Institute the sum
of 6500/. for the purpose of founding a medal and scholarship

to be awarded for any piece of work that may be done in any
works or University, and to be open to either sex.

It is slated by the Paris correspondent of the Times that M.
Yersin, to whom the Academy of Moral Sciences recently

awarded a prize of 15,000 francs for philanthropic acts, has

devoted the sum to his anti-plague serum establishment at

Nha-trang.

The British Medical Journal announces that the prize of

4000 marks voted by the Berlin Congress of Tuberculosis for

the best popular work on tuberculosis as a .social scourge, and
the means of preventing its ravages, has been awarded to Dr.

S. A. Knopf, of New York. The work will be published by

the German Central Committee.

A TABLE of standard sizes of conductors for electric supply

mains has been drawn up by the Cable Makers' Association

and sent to electrical engineers. The table shows the nominal
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size of conductors, in square inches, number and diameter of

strands, resistance in standard ohms per looo yards, and weight

in lbs. per looo yards. It is proposed to adopt the sizes and

combinations of conductors shown in the table as the basis for

tenders, beginning on October i

.

The list is now completed of the subjects to be discussed at

the International Botanical Congress to be held in Paris from

the first to the tenth of October, in connection with the Exposi-

tion, and promises a time of varied interest from both a struc-

tural and an economical point of view. Those who wish to

become members, and thus to obtain the results of the Congress,

should send their subscriptions (20 fr.) to M. H. Hua, Treasurer

to the Congress, 2 Rue de Villersexel, Paris.

Five additional cases of plague, of a mild type, were reported

in Glasgow on Monday. This raises the total to twenty-two

plague cases, one suspected case, and ,115 persons under obser-

vation. The attacked persons had been in contact with plague

cases. Prof. Muir states in his report on the new cases that his

experiments show without doubt that the bacillus was that of

bubonic plague. He examined nine cases, both microscopically

and by means of cultures, and found the same results.

At the Geographical Congress at Berlin in October 1899 it

was decided to form an International Seismological Society.

The first meeting of the delegates from different countries will

be held at Strassburg on April 11, 1901. The principal subjects

chosen for discussion are : The organisation and extension of

macroseismic investigations in all countries, the organisation of

international microseismic observations, the selection of

apparatus for international and local seismic observations, the

annual publication of international seismic reports, and the

statutes of the new society.

The Liverpool Marine Biology Committee's station at Port

Erin has been very fully occupied during the greater part of

the summer, and there are at present half-a-dozen workers

doing original research in the laboratory. On Saturday last a

party of the Isle of Man Natural History and Antiquarian

Society proceeded to Port Erin on a visit to the laboratory,

and were heartily welcomed by Prof. Herdman, F. R.S. Mr.

Isaac C. Thompson gave a lecture, "On the Place of the

Copepoda in Nature." It was pointed out that the copepoda

are of the utmost value as scavengers, as they live on the

products of decomposition, putrefaction, drainage matter, &c.,

and by their internal laboratories convert refuse matter into

most valuable food material, some copepoda constituting one

of the chief sources of food for fishes, and therefore of man.

Mr. Thompson said that no less than 200 species have been

found in Liverpool Bay. Their beautiful organisation illustrates

the truth that the wonderful structure of some animals, which

can only be studied with the microscope, shows them to be as

full of interest as those familiar to our ordinary vision. Besides

the many free swimming copepods, there are many species

found as fish parasites, living on the gills and on other external

parts of our common fishes ; some of these are nourished by

the fish and do harm, while others do not, their presence

being rather an advantage than otherwise.

The importance of an organised and continuous system of

rainfall observations is obvious to every one possessing sufficient

knowledge of physical geography to know the relation of rain-

fall to agriculture, water supply, and all questions in which the

development of natural resources is concerned. It is as essential

that such observations should be systematically carried on in a

thickly populated country like our own as it is that they should

be made in all parts of the British Empire in which observers can

be found. And when stations have been established, it is again

essential that there should be a central bureau in which the obser-

vations can be collected, and their relation to one another, and to
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the natural features of the district determined. A report, by Mr,

F. R. Johnson, upon irrigation and water supply, rainfall, and

water rights in Cape Colony, published in the Cape Agricultural

fournal (August 2), issued by the Department of Agriculture,

reminds us of the value of continuous rainfall records in con-

nection with works for irrigation and water supply. It is unusual

for stream flow measurements, owing to their cost, to be avail-

able, even in the most favourable circumstances, to anything like

the same extent, and it is therefore very necessary that the

rainfall records should be carefully discussed, and full

advantage taken of all they are capable of teaching, so that when
considered and compared with shorter periods of stream flow

measurement (possibly only available for an adjoining catch-

ment) the significance of the whole may be appreciated and

understood. So far this has not been done in Cape Colony,

from an engineering point of view, and the need of the informa-

tion is felt now that the hydrographic conditions of the Colony

are being investigated. From the rainfall observations so far ex-

amined, it appears that sufficient water should be available to

irrigate about five million acres of arable land ; and when it is

considered that this means an enhanced land value in the Colony

of upwards of a hundred million pounds, the advantage of set-

ting to work at once to digest and apply the data available to

specific proposals for irrigation is apparent.

In an article on " The Amount of the Circulation of the Car-
bonate of Lime and the Age of the Earth," by Prof. Eug.
Dubois {K. Akad. van Wetenschappen te Amsterdam, 1900), it

is conceded that the ocean, which derives all of its carbonate of

lime from rivers or the waste of sea-cliffs, holds as much of it

as it can, and that rivers are incessantly bringing a surplus.

A considerable amount of carbonate of lime is often to be found
in the matter carried in suspension by large rivers to the ocean,

and it is obvious thac in these river-waters the solution must be
saturated. The quantity of carbonate of lime in river- waters is

naturally determined by the rocks in the drainage areas. The
author gives reasons which lead him to conclude that not more
than one-thirtieth part of the carbonate of lime which rivers now
discharge into the ocean' is newly formed from silicates, although

originally all was so derived. His calculations, based on the

amount of carbonate of lime annually carried to sea by rivers,

show that the formation of the whole estimated minimum,
amount of carbonate of lime on the earth would require about

45,000,000 of years, and that of the real amount a much larger

lapse of time. He estimates that 1/2, 7 70,000th of the total

quantity of carbonate of lime of the earth participates annually

in the present circulation. The final result of his investigation,,

though admittedly only suggestive, is that the real lapse of time

since the formation of a solid crust and the appearance of life

upon the globe may be more than a thousand million of years.

Mr. a. Gibb Maitland, Government geologist of Western.

Australia, has issued, as Bulletin No. 4 of the survey reports, a.

general account of " The Mineral Wealth of Western Australia.
"^

This work is intended to replace the useful mining handbook
which was prepared by Mr. Harry P. Woodward, and has long,

been out of print. The author gives a sketch of the geological

features of the Colony, and then deals specially with gold,,

lead and copper, tin, iron, miscellaneous minerals (such as

antimony, zinc, &c.), coal and graphite, guano and artesian

water (with records of borings). A full list of minerals is

appended, and there is a map showing the distribution of

useful minerals in Western Australia, and five geological maps
of particular mineral districts. The guano, which is obtained

from the Abrolhos Islands and elsewhere in the north, is an<

important product. In 1899 upwards of two thousand tons

were obtained, the total value being over 5000/. The amount
raised last year was, however, small compared with some
previous records.
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A REPORT OR the mineral statistics and mines of Canada for

1898 (1900), drawn up by Mr. E. D. Ingall, contains records of

a great variety of mineral products. It is interesting to note

that the output of coal, supplied mainly from Nova Scotia

(nearly two-thirds), and from British Columbia (nearly one-

third), shows an increase : the total production being nearly

four million tons. Natural gas is obtained from wells in

southern Ontaria. Gold shows a large increase, due to the out-

put from the Yukon ; but silver, which is almost wholly derived

from British Columbia, shows a decrease. On the whole, how-

ever, the growth of Canada's mineral industries is stated to be

very encouraging.

In the memoirs of the Society " Antonio Alzate" (vol. xiv.),

Senor M. Moreno publishes a discussion of the sunshine values

at the Observatory of Leon (Mexico), situated in latitude 21°

'07' N. , showing the daily amounts recorded by a Campbell-

Stokes instrument from June 1892 to December 1898. These

values are all the more acceptable from the fact that out of some

thirty observatories in the Mexican Republic, Leon appears to be

the only station which furnishes a complete record of sunshine.

The following figures, giving the average percentages of the

possible amounts, show that the locality enjoys a large amount

of bright sunshine :—winter, 71; spring, 72; summer, 59;

autumn, 69 ; and for the year, 68. In Dr. Scott's discussion of

ten years' sunshine in the British Isles, the annual average for

London (City) is 24 ; for Greenwich, 25 ; and for Jersey, the

sunniest part of the British Isles, 40.

The U.S. Monthly Weather Review for May last contains an

interesting article, by Prof. C. Abbe, on the history of modern

weather prediction. He considers that the first effort towards

this end was the publication of the " Mannheim Ephemerides,"

a series of thirteen volumes, for the years 1780-92, containing

detailed meteorological observations for thirty-six stations in

Europe and for three stations in America. After many years.

Prof. H. W. Brandes first compiled from those observations

daily weather maps for 1783 (" Beitrage zur Witterungskunde,"

Leipzig, 1820). In 1826 Prof. J. P. Espy organised a joint

•committee for the purpose of studying storms ; numerous maps

were constructed and many published in four successive reports

(1845-60). The labours of Espy and Redfield established the

fact that individual features of the weather, as well as storms,

move in such a manner that their approach can be predicted by

means of maps. Prof. J. Henry constructed daily weather maps

from telegraphic reports, for personal study, for several years

from 1848, and from 1856 onwards they were exhibited at the

Smithsonian Institution. These maps were made the basis of

frequent special predictions of the weather for the benefit of

members of Congress and others. This date brings us down to

the time of the establishment of the meteorological offices in

this country and abroad.

Many interesting points referring to the work of the Govern-

ment Laboratory are mentioned by the director, Dr. T, E.

Thorpe, F.R.S., in the report recently issued. A number of

tinned meats were examined for the Admiralty for food preserva-

tives, but no antiseptic other than common salt was detected.

Numerous butters contained boric preservative and were arti-

ficially coloured. As usual, the use of boric acid is most preva-

lent in butters from France, Belgium and Australia, and is

very common also in Holland. The most frequent colouring-

matter is annatto, but the use of coal-tar yellows appears to be

on the increase, and is especially prevalent in Holland, the

United States and Australia. In the course of the year it was

decided by the Board of Trade that all passenger ships should be

required to carry a filter capable of delivering water free from

micro-organisms. With Dr. Thorpe's assistance, a filter which

satisfactorily fulfils this condition has been decided upon. As a
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supplement to the work of the Steel Rails Committee (see p. 437),
an investigation was undertaken with the object of elucidating the

mode in which the phosphorus in steel is chemically combined.

The inquiry clearly showed, as has already been surmised, that

the phosphorus present is, like the carbon, not infrequently in

more than one form of combination. The greater part of the

work done in connection with the Home Office arose out of the

inquiries instituted by the Home Secretary, relative to the pre-

valence of lead-poisoning arising from the use of lead compounds
in pottery manufacture. A considerable number of " fritts " and

"glazes" have been examined, and the conditions determining

the ease with which lead compounds may be extracted from

them by dilute acids, comparable as regards their action with

that of the gastric juice and other animal solvents, have been

ascertained. As the result of the inquiry made last year, the

Home Secretary has required the manufacturers of pottery to

abandon the use of raw lead, and in view of the facts brought to

light by the examination of the fritts and glazes, he has expressed

his intention of prescribing that in future such glazes shall con-

form to a standard of insolubility as regards lead.

The evidence for presence of totemism in various parts of the

world is now being carefully ex£^mined, as it is beginning to be

realised that a cult of animals is not necessarily the same as

totemism. This is the attitude taken by Dr. C. Hose and Mr.

W. MacDougall in their paper read before the recent meeting

of the British Association, and to which reference will be made

elsewhere in our columns. Dr. E. Westermarck, the author of

the well-known work on " Human Marriage," has published

some of the results of his investiga tions in Morocco in a paper

in the Journal of the Anthropological Institute (vol. xxix.

p. 252), entitled "The nature of the Arab Ginn, illustrated by

the present beliefs of the people of Morocco," in which he

adopts the same conclusion. The Gnun, as they are called in

Morocco, form a special race of beings, created before Adam.

They have no fixed forms, but may assume almost any shape

they like. Usually they are hurtful to man. The bad Gnun
being always ready to attack human beings, various means are

used for keeping them at a distance. The Gnun are afraid of

salt and steel, which are consequently employed as prophy-

lactics ; the best and, from a religious point of view, the correct

preventive against their attacks is the recital of passages of the

Koran. Dr. Westermarck adversely criticises Robertson Smith's

explanation that the Ginn are modernised representatives of

totem animals, and states that they are beings invented to

explain the wonderful and mysterious in nature. They are, in

fact, survivals of the early indigenous animistic beliefs of a salt-

less and ironless antiquity, which, at a later date, were absorbed

and developed under the influence of Islam.

The Society for the Protection of Birds has just issued, in

pamphlet form, a communication from Sir C. Lawson, which

appeared in the Madras Mail oi March 27 and April II, plead-

ing for the adequate protection of insectivorous birds in India.

It appears that for more than a decade a law has been in force

in Madras for the protection of birds, but that when, some time

ago, steps were taken to extend this enactment to the other

presidencies, the responsible advisers to the Indian Government

did not consider that the time was ripe for such legislation. Sir

C. Lawson now urges that, in great part owing to the famine,

the need of bird protection by law demands immediate recogni-

tion. At present he pleads only for those insectivorous species

whose wholesale slaughter for the sake of their plumage leaves

grain and cotton-fields at the mercy of insect pests, thus causing

" a deplorable sacrifice of human food and the materials of human

raiment, besides inflicting penury on individuals and great loss

to the State." The society is endeavouring to form an Indian
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branch, and applies for support to all interested in India. Of

the excellency of the object in view we are fully assured, but it

must be borne in mind that legislation of the nature proposed

entails many difficulties in India, and should not be introduced

without very mature consideration.

We have received a Bulletin (vol. iii. No. 2) of the Madras

Government Museum containing an illustrated account by the

superintendent, Dr. E. Thurston, of the sea fisheries of Malabar

and South Canara. A considerable portion of the pamphlet is

,
taken up with an account of the instructions which have been

recently drawn up by the author for the guidance of the officials

at the various fish-curing establishments in attaining statistics

of the life-history and migrations of the more abundant species

of fish. As an instance of the difficulties encountered in India

in obtaining statistics of this nature, it may be mentioned that

*'at the fish-census, 1889, the officer who was told off to make

the record of fishes brought ashore, was at first driven away by

the fishermen, who refused to give him the requisite information,

from fear that the census was being taken with a view to in-

creased taxation." The remainder of this valuable report is

taken up by a diary made by the author during a tour of inspec-

tion of the fish-curing yards of the districts in question during the

antumn of last year. Some of the most striking modes of fishing

are illustrated in the plates, and details given of the amount

and value of the catches at the different stations. Dr. Thurston

is of opinion that a much greater variety of fish might be intro-

duced with advantage at the dinner tables of Europeans residing

in Madras than is at present the case.

As nest-building fishes are comparatively few, naturalists will

read with interest an account given in the August issue of the

American Naturalist, by Messrs. Young and Cole, of the manner

in which the brook-lamprey {Laiiipetra wilderi) makes a

structure of this nature. It is believed that the males precede

the females at spawning time and commence nest-building before

the arrival of the latter. The nest is made among pebbles, but

it does not seem that the lampreys follow any definite plan in its

construction. They affix themselves to such pebbles as require

removing from the nest, and then endeavour to swim straight

away with them. In the case of a heavy stone two lampreys

may join forces. The number of fish in a nest may vary from

one to thirty or forty ; but there are generally between three and

twenty- five.

A PAIR of fenestrse covered with membrane have for some

time been known to occur in the head of the common cockroach,

and represent functional ocelli in other species of the same

group. In the American Naturalist for August, Mr. C. Kochi

records the existence of a pair of spots in the former insect, just

below the aforesaid fenestrae. These spots he believes also

represent the sites of another pair of ocelli which in other insects

have shifted their position and coalesced to form the unpaired

median ocellus.

The Sunday Magazine, like many other popular journals,

publishes occasional articles on scientific subjects, the one in its

September issue being devoted to swimming crabs. Excellent

illustrations are given of several of the species to be met with on

the British coasts, while the letterpress describes their distinctive

features and the leading peculiarities in their habits.

A PAPER on the life-histories of the mosquitoes of the United

States, by Dr. L. O. Howard, recently published in one of its

Bulletins by the U.S. Department of Agriculture, appears

opportunely. The writer gives concise but clear descriptions,

accompanied by enlarged illustrations, of all the members of the

group met with in the Slates, devoting special attention to those

of the malaria-producing genus, Anopheles. Dr. Howard calls
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attention to the circumstance that he advocated the employment
of kerosene for the destruction of the larvae as far back as 1894,
and claims that this mode has proved more effectual, when used
on a sufficiently large scale, than any other yet suggested. In
certain cases, however, as in the instance of tanks containing

water intended for drinking purposes, the employment of kero-

sene may be undesirable, and the introduction of fish, where
none previously existed, is then advocated. The value of most
small fishes as destroyers of mosquito larvse is well illustrated by
a natural experiment which recently took place in Connecticut.
'• In this case a very high tide broke away a dyke and flooded

the salt meadows of Stratford, a small town a few miles away
from Bridgeport. The receding tide left two small lakes, nearly

side by side and of the same size. In one lake the tide left a

dozen or more small fishes, while the other was fishless. An
examination in the summer of 1891 showed that while the

fishless lake contained tens of thousands of mosquito larvae, that

containing the fish had no larvae.

"

We have received from the publishers two numbers of the

Zeitschrift fiir wissensekaftliehe Zoologie—the last of vol. Ixvii.

and the first of Ixviii. The former contains an article, by Herr

E. Wasmann, describing a new genus (Termitoxenia) of wing-

less Dipterous insects parasitic in the nest of white ants or

termites. Four species of these remarkable insects are recog-

nised, of which one is Indian, while the other three are from

Africa. Another article in the same issue, which should be of

considerable interest to stock-beeders, treats of the histology of

certain infusians found in the stomachs of cattle and in the

coecum of the horse. The three articles forming the first part

of vol. Ixviii. are all devoted to invertebrate anatomy and

morphology.

The August issue of the Journal of the Royal Horticultural

Society contains, in addition to numerous articles dealing with

fruits, vegetables and flowers, a paper treating of the scale and

mealybug, and a second discussing the black currant-mite and

its ravages. In the latter, which should be especially valuable

to horticulturists, it is stated that the origin of the pest in

question is unknown, but that its first recorded occurrence in

the British Isles is about fifty years ago, when it was found in

Scotland.

The Natural History and Ethnographical Museum of Para,

Brazil, has commenced to issue a series of memoirs ; the first of

these is an account by Dr. Emilio A. Goeldi, the director of the

museum, of some archaeological excavations which he made in

1895 of some artificial burial caves of an extinct tribe of Indians

on the Rio Cunany (Goanany). Each cave consists of a circular

shaft, 8 feet 2^ inches deep and 3 feet 4^ inches in diameter, the

opening of which was closed by a large disc of granite. A
crescentic chamber had been cut in the soil at the base of the

shaft, in which were deposited a number of remarkable earthen

vessels of very varied form, most of which were painted in red

with peculiar designs and patterns. Some of the funeral vases

were conventionally modelled to represent the human form, and

others had on them various animals moulded in high relief. The

memoir is illustrated by capital plates.

Messrs. G. W. Wilson, of Aberdeen, have just issued a

catalogue of more than seven hundred new lantern slides repre-

senting scenes and objects in Spain. The list should be of

particular interest to teachers of geography.

We have received the Annual Reports of the Royal Botanic

Garden, Calcutta, from the superintendent. Major Prain, for

the years 1898-1899, 1899-1900. Close attention has been

given by the garden staff throughout the past year to the

propagation and distribution of plants of economic importance.
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After an interval of about two years, Sir George King, late

superintendent of the Royal Botanic Garden, Calcutta, continues,

in ihcJournal of the Asiatic Society, Bengal, his materials for a

flora of the Malayan Peninsula. The present part consists of a

monograph of the Malayan species of Melastomaceoe, prepared

with the assistance of Dr. O. Stapf, of the Kew Herbarium.

In an article on the fertilisation of Peronospora parasitica in

the Annals of Botany for June, Mr. Harold Wager points out

that there are at present known three distinct types of fertilisa-

tion in the Peronosporese. In the first, represented by Perono-

spora parasitica, the oosphere and oospore are uninucleate, and

fusion takes place between two nuclei only. In the second

type the oosphere is uninucleate and the oospore multinucleate,

and fusion is effected between two nuclei only. In the third

type the oosphere and oospore are both multinucleate, and

fusion takes place between a number of nuclei in pairs.

In a paper recently read before the Linnean Society, on the

origin of the Basidiomycetes, Mr. G. Massee points out the

connection between the Hyphomycetes and the Protobasidio-

mycetes. The conidial forms of many Hyphomycetes are true

Protobasidiomycetes. There is no evidence that the Autobasi-

diomycetes are in any way descended from the Protobasidio-

mycetes ; while, on the other hand, there are indications that

the Autobasidiomycetes may probably have been derived by

gradual modifications of the spore-bearing organs or oasids of

conidial forms of certain ascigerous fungi.

Prof. J. J. Thomson's inspiring work on " The Discharge

of Electricity through Gases" (Constable and Co.) has been

translated into French by Dr. L. Barbillion, and published by

MM. Gauthier-Villars under the title " Les Decharges

electriques dans les Gaz." Dr. Barbillion adds a few notes,

and Dr. C. E. Guillaume contributes a preface. The original

volume was reviewed in Nature of January 12, 1899 (vol. lix.

p. 241), and the translation will doubtless be received by French

physicists with the same appreciation as the work has commanded
in Great Britain.

Several articles of real interest to students of science and
philosophy have appeared in recent numbers of The Open Court.

The August number contained an account of Galileo in which
his work is presented in new aspects, and the opposition to his

conclusions as to the movements of the earth and the character

of the visible universe is in some part explained. The current

number contains an instructive contribution on Greek religion

and mythology, by the editor. Dr. Paul Carus, and one on animism
in popular thought and in science, by Prof. E. Mach. Many
of the articles in the magazine are excellently illustrated.

An atlas for druggists and students of pharmacy, by Prof.

Ludwig Koch, is in course of publication by the firm of

Gebriider Borntraeger, Leipzig, under the title of " Die
mikroskopische Analyse der Drogenpulver." The first volume
is to be devoted to barks and woods, and the second part of it,

containing six plates, has just appeared.

The third and fourth parts of Dr. Chun's elaborate account of

the German Valdivia expedition have just been publiehed by

the firm of Gustav Fischer, Jena. The parts are illustrated with

numerous half-lone figures and some very fine plates, and the

work promises to be a very attractive narrative of an extensive

voyage.

Thb additions to the Zoological Society's Gardens during the

past week include a Sooty Mangabey
(
Cercocebus fuliginosus)

from West Africa, presented by Mr. B. Stewart ; a Squacco
Heron (Ardca ralloides), South European, presented by Mr.

A. F. Putz; a Black-headed Terrapin {Damonia reevesi uni-

<olor') from China, an Algerian Skink {Eumeces algeriensis) from

North-west Africa, a Common Chameleon {Chamaeleon vul-
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garis) from North Africa, presented by Mr. F. J. Bridgman ;

an European Pond Tortoise (Emys orbicularis), European, pre-

sented by Miss F. M. Weippert ; a Wall Lizard {Lcuerta

muralis), a Tessellated Snake (Tropidonotus tessellatus), Euro-

pean, presented by Mr. Walter Hunter ; two Badgers {Meles

taxus), British; two Indian Fruit Bats (Pteropus medius) from

India, three Black-spotted Teguexins
(
Tupinanibis nigropunc-

tatus) from South America, two Antillean Boas {Boa diviniloqua)

from the West Indies, five Undulated Lizards (Sceloporus undu-
lalus) from South-east United States, deposited.

OUR ASTRONOMICAL COLUMN
Ephemeris for Observations of Eros :—

R.A. Decl.

Sept. + 40 47-1

41 99
41 32*8

41 557
42 i8-6

42 41-4

43 4 -2

43 27-0

43 497
44 12-3

+ 44 34 "8

2 39 43
40 20

40 55
41 27
41 56
42 23
42 46
43 7

43 25

43 40
2 43 SI

Swift's Comet (1892 I.).— In the Annals of Harvard
Colles^e Observatory (vol. xxxii. Part ii. pp. 267-295), Prof.

W. Pickering describes the photographs obtained of this comet
at Arequipa during March and April 1892, illustrating his

remarks by reproductions from nine of the negatives.

The plates were taken with four instruments—the 13-inch
Boyden telescope, 8inch and 2'5-inch doublets, and a 20-inch
reflector ; two photographs were also obtained with the 8-inch
refractor provided with an objective prism of 13° refracting

angle. The exposures varied from 5 to 133 minutes.
While the comet was easily visible to the naked eye, it was

carefully examined with a double image prism, but no traces of

polarisation could be detected in either the head or tail. The
nucleus was yellowish-green in colour, giving out a triangular

jet towards the sun.

The head was distinctly divisible into three parts—nucleus,
bright primary envelope and an outer fainter one. The tail

was composed of two sets of rays having distinctly different

origins. The brighter of these sets, forming what may be
called the

'

' inner " tail, took its origin from the rear side of
the inner envelope, and in some of the photographs this attains

the great length of over 20° of arc. The rays were absolutely

straight so far as could be determined from the photographs,
and were inclined to each other about 10". The outer tail

sprung from the external faint envelope, and, in contrast to the

other, was marked by conspicuous deep and wide rifts between
the rays composing it.

Prof. Pickering thinks that certain periodic differences in

appearance are caused by a rotation of the comet about an axis

passing longitudinally through the tail. Comparisons of the

Arequipa photographs with others obtained by Dr. Wolf and
Prof. Barnard show that it is quite possible to detect changes
from one hour to another, and from a detailed examination of

the angular deviation of the rays it is probable that the rotation

period is about 94-97 hours.

The photograph taken April 14 shows a strong deflection of

the inner tail, but the absence of other photographs near that

date render it impossible to trace the cause, and the pheno-
menon was not subsequently repeated.

In general, it was impossible to identify any particular feature

on two successive days, but on April 6, 7, 8, a bright conden-
sation was noticed each day, and its distance from the nucleus
of the comet was found to increase day by day. These dis-

placements were carefully measured, converted into kilometres
by reference to the comet's elements, and an estimate made of
the amount of the repulsive force exerted upon the comet's
tail by the sun. This indicated the total repulsive force to be
about 39 '5 times the gravitational force. The spectrum photo-
graphs have been difficult to reduce, but the brightest region of
the spectrum appears as an intense and very narrow line about
A 3890. No indications of the hydrogen lines were seen.
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Opening Address by Ramsay H. Traquair,
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M.D.

In opening to-day the sittings of the Zoological Section, I

must first express my sense of the honour which has been con-

ferred on me, in having been chosen as your President on this

occasion, and I may add that I feel it not only as an honour to

myself personally but also as a compliment to the field of

investigation in which the greater part of my own original work
has been done. It is a welcome recognition of the doctrine,

which I, and much more important men indeed than I, have
always maintained, namely, that Paleontology, however valu-

able, nay, indispensable, its bearings on Geology may be, is in

its own essence a part of Biology, and that its facts and its

teachings must not be overlooked by those who would pursue
the study of Organic Morphology on a truly comprehensive
and scientific basis. As I have asked on a previous occasion,
" Does an animal cease to be an animal because it is preserved
in stone instead of spirits ? Is a skeleton any the less a
skeleton because it has been excavated from the rock, instead of

prepared in a macerating trough ? " And I may now add—Do
animals, because they have been extinct for it may be millions

of years, thereby give up their place in the great chain of
organic being, or do they cease to be of any importance to

the evolutionist because their soft tissues, now no longer
existing, cannot be imbedded in paraffin and cut with a
Cambridge microtome ?

These are theses which I think no one denies theoretically
;

but what of the practical application of the rule ? For though
cordially thanking my biological brethren for the honour they
have done me in placing me in this chair to-day, I must ask
them not to be offended if I say that in times past I have a few
things against some of them at least. I refer first to the apathy
concerning palreontological work, more especially where fishes

are concerned, which one frequently meets with in the writings
of biologists, as seen in the setting up of classifications and
theories and the erection of genealogical trees without any, or
with at least inadequate, inquiry as to whether such theories or

trees are corroborated by the record of the rocks. But more
vexatious still are the offhand proceedings of some biologists

who, when they wish to complete their generalisations on the
structure of a living organism, or group of organisms, by allu-

sion to those which in geological time have gone before, do not
take the trouble to consult the original palaeontological memoirs
or papers, or to make themselves in any way practically

acquainted with the subject, but derive their knowledge at

second or third hand from some text-book or similar work,
which may not in every case be exactly up to date on the
matters in question. Nay, more than this, I think I have
seen the authors of such text-books or treatises credited with
facts and illustrations which were due to the labours of hard-
working palaeontologists years before.

But a better time, I am convinced, is not far off, when the
unity of all biological science will be recognised, not merely
theoretically, but also practically by workers in every one of its

branches.

Of one thing I must, however, warn those who have hitherto
devoted their time exclusively to the investigation of things
recent, namely, WtaX a special training is necessary for the correct
interpretation of fossil remains, especially those of the lower
Vertebrata and many groups of Invertebrata. So it comes that

what looks to the uninitiated eye a mere confused mass of broken
bones or plates may to the trained observer afford a flood of
valuable light on questions of structure previously undetermined.
We must take into account the condition of the fossil as regards
mineralisation and crushing ; we must learn to recognise how
the various bones may be dislocated, scattered, or shoved over
each other, and to distinguish true sutures from mere fractures.

We must carefully correlate the positive results obtained from
one specimen with those afforded by others, and in this way it

happens that to make a successful restoration of the exo- or
endo-skeleton of a fossil fish or reptile may require years of
patient research. But the thought sometimes does come up in

my mind, that some people imagine that fossils, such as fishes,

occur in the rocks all restored and ready, so that the author of
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such a restoration has no more scientific credit in his work thai>

if he were an ordinary draughtsman drawing a perch or a trout

for an illustrated book ! feut the student of fossil remains must
not only learn to see what does exist in the specimen he exam-
ines, but also to refrain from seeing things which are not there

—to know what he does not see as well as what he does see.

For many grave errors have arisen from want of this necessary-

training, as, for instance, where the under surface of a fish's

head has been described as the upper, or where markings of a
purely petrological character have been supposed to indicate

actual structures of the greatest morphological importance. Or
we may firid the most wonderful details described, which may
indeed have existed, but for which the actual evidence is only

the fertile imagination of the writer.

From this it will be apparent that though Palaeontology is

Biology and Biology includes Palaeontology, yet as regards-

original research a division of labour is in most cases necessary.

For though paloeontological investigations are absolutely im-
possible without an adequate knowledge of recent zoology, yet

the nature of the remains with which the palaeontologist has to

deal renders their interpretation a task of so different a character

from that allotted to the investigation of the structure and
development of recent forms that he will scarcely have time

for the successful carrying out of a second line of research.

Conversely, the same holds regarding the sphere of work of the

recent biologist.

Now those last remarks of mine may perhaps tend to confirm

an idea which I have at least been told is prevalent in the minds

of recent biologists, namely, that the results of Paleontology

are so uncertain, so doubtful, and so imperfect, that they are

scarcely worthy of serious attention being paid to them. And
the best answer I can make to such an opinion, if it really does

exist, is to try to place before you some evidence that Paleon-

tology is not mere fossil shell hunting, or the making up of long

lists of names to help the geologists to settle their stratigraphical

horizons, but may present us with abundance of matter of

genuine biological interest.

Since the days of Darwin, there is one subject which more
than all others engrosses the attention of scientific biologists.

I mean the question of Evolution, or the Doctrine of Descent,

Time was when controversies raged round the very idea of

Evolution, and when men of science were divided among them-

selves as to whether the doctrine to which Darwin's theory of

Natural Selection gave so mighty an impetus was or was not

to be accepted. Times have, however, changed, and I hardly

think that we should now find a single true scientific worker who
continues to hold on by the old special creation idea. Philo-

sophic zoologists now busy themselves either with amassing

morphological evidences of Descent or with the discussion of

various theories as to the factors by which organic evolution has
been brought about—whether Natural Selection has been the all-

sufficient cause or not, whether acquired peculiarities are trans-

missible, and so on.
^

From the nature of things it is clear that the voice of the

paleontologist can only be heard on the morphological aspect of

the question, but to many of us, including myself, the morpho-
logical argument is so convincing that we believe that even if

the Darwinian theory were proved to-morrow to be utterly base-

less, the Doctrine of Descent would not be in the slightest

degree affected, but would continue to have as firm a hold oii

our minds as before.

Now as Paleontology takes us back, far back, into the life of

the past, it might be reasonably expected that it would throw great

light on the descent of animals, but the amount of its evidence is

necessarily much diminished by two unfortunate circumstances.

First, the terrible imperfection of the geological record, a fact

so obvious to any one having any acquaintance with Geology
that it need not be discussed here ; and secondly, the circum-

stance that save in very exceptional cases only the hard parts of

animals are preserved, and those too often in an extremely

fragmentary and disjointed condition. But though we cannot

expect that the paleontological record will ever be anything

more than fragmentary, yet the constant occurrence of new and
important discoveries leads us to entertain the hope that, in course

of time, more and more of its pages will become disclosed to us.

Incomplete, however, as our knowledge of Evolution as

derived from Paleontology must be, that is no reason why we
should not appraise it at its proper value, and now and again

stop for a moment to take stock of the material which has

accumulated.
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You are all already acquainted with the telling evidence in

favour of Evolution furnished by the well-known Mammalian
limbs, as well as of teeth, in which the progress, in the course of

time, from the more general to the more special is so obvious that

I cannot conceive of any unprejudiced person shutting his eyes to

the inference that Descent with modification is the reason of these

things being so. Suppose, then, that on this occasion we take

up the palaeontological evidence of Descent in the case of fishes.

This I do the more readily because what original work I have
been able to do has lain principally in the direction of fossil

ichthyology ; and again, because it does seem to me that it is

in this department that one has most reason to complain of
want of interest on the part of recent biologists, even, I may
say, of some professed paleontologists themselves.

But the subject is really of so great an extent that to exhaust
it in the course of an address like the present would be simply
impossible, so I shall in the main limit myself to the considera-

tion of Palreozoic forms, and this more especially seeing that we
may hope for a large addition to our light on the fishes of the

more recent geological formations from the fourth volume of the

"Catalogue of Fossil Fishes" in the Briti-h Museum, which
will soon appear from the pen ofmy friend. Dr. A. Smith Wood-
ward. I need scarcely say how much his previous volume has
conduced to a better knowledge of the Mesozoic forms.

Here I may begin by boldly affirming that I include the

Marsipobranchii as fishes, in spite of the dictum of Cope that no
animal can be a fish which does not possess a lower jaw and a
shoulder-girdle. Why not ? The position seems to me to be a

merely arbitrary one ; and it is, to say the least, not impossible

that the modern Lampreys and Haggsmay be, as many believe,

the degenerate descendants of originally gnathostomatous forms.

To the origin of the Vertebrata, Palceontology gives us no clue,

as the forerunners of the fishes must have been creatures which,

like the lowest Chordata of the present day (Urochorda, Hemi-
chorda, Cephalochorda), had no hard parts capable of preserva-

tion. And though I shall presently refer again to the subject, I

may here affirm that, so far as I can read the record at least, it

is impossible to derive from Palteontology any support to the

view, recently revived, that the ancient fishes are in any way
related to Crustacean or merostomatous ancestors.

What have we then to say concerning the most ancient fishes

with which we are acquainted ?

The idea that the minute bodies, known as Conodonts, which
occur from the Cambrian to the Carboniferous, are the teeth of

fishes and possibly even of ancient Marsipobranchs may now be
said to be given up. They are now accepted by the most trust-

worthy authorities as appertaining to Invertebrata such as

Annelidcs and Gephyrea.
More recently, however, Rohon^ has described from the Lower

Silurian of the neighbourhood of St. Petersburg small teeth

{Palaeodus and Archodns) associated with Conodonts, and which
seem to be real fish teeth, but not of Selachians, as is shown by
the presence of a pulp cavity surrounded by non-vascular

dentine. It is impossible to say anything more of their

affinities.

Obscure and fragmentary fish remains have been obtained by
Walcot, and described by Jaekel, from rocks in Colorado sup-

posed to be of Lower Silurian or Ordovician age.^ But doubts

have been thrown on their age, and the fossils themselves,

which have, it must be owned, a very Devonian look about

them, are so extremely fragmentary that they do not help us

much in our present purpose.

It is not till we come to the Upper Silurian rocks that we
begin to feel the ground securely under our feet, though we may
be certain, from the degree of specialisation of the forms which
we there find, that fishes lived in the waters of the globe for

long ages previously.

Characteristic of the " Ludlow bone-bed " are certain minute
scales on which Pander founded the family Ccelolepidte, having

a flat or sculptured crown, below which is a constricted "neck,"
and then a base u'.ually perforated by an aperture leading into a
central pulp cavity. As these little bodies, looked upon by
Agassiz as teeth, were shown by McCoy to be scales, and as

they occurred at Ludlow in England and Oesel in Russia along

with small Selachian spines {Onc/ins), they were usually con-

sidered as appertaining, with the latter, to small Ceslraciont

sharks. The genera Thelodus, Coelokpis and others were

1 " Ueber untersilurische Fische," MHanges CM. et Paliont. vol. i. (St.

Petersburg, 1899), pp. 9-14.
- Bulletin Geol. Soc. America, vol. iii. 1892, pp. 153-171.
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founded on these dermal bodies, but it is doubtful if any but the
first of these names will stand.

But the aspect of affairs was altogether changed by the dis-

covery three years ago, by the officers of the Geological Survey,

of entire specimens of Thelodus in the Upper Silurian rocks of
the South of Scotland, from which it was evident that the fish,,

though somewhat shark-like, could hardly be reckoned as a true

Selachian.^ 1 helodits Scoticus, Traq., has a broad flattened

anterior part corresponding to the head and forepart of the

body, verj' bluntly rounded in front, and passing behind into

right and left angular flap-like projections, which are sharply

marked off" from the narrow tail, which is furnished with a

deeply cleft heterocercal caudal fin. Unless the flap-like lateral

projections are representatives of pectorals, no other fins are

present, neither do we find any teeth or jaws, nor any trace of

internal skeleton ; and it is only a few days since Mr. Tait^

collector to the Geological Survey of Scotland; pointed out ta

me in a recently acquired specimen a right and left dark spot at

the outer margins of the head near the front, which spats may
indicate the position of the eyes.^ A previously unknown genus,.

Lanarkia, Traq., also occurred, in which the creature had the

very same form, but instead of having the skin clothed with

small shagreen like scales, possessed, in their place, minute
sharp conical hollow spines, without base and open below.

What we are to think of those two ancient forms, apparently

so primitive, and yet undoubtedly also to a great extent special-

ised, we shall presently discuss.

Let us now lor a moment look at the genus Drepanaspis^

Schlliter, from the Lower Devonian of Gmiinden in Westeri>

Germany.^ We have here a strange creature whose shape
entirely reminds us of that of Thelodus, having the same flat

broad anterior part, bluntly rounded in front, and angulated

behind, to which is appended a narrow tail ending in a hetero-

cercal caudal fin, which is, however, scarcely bilobate. But

here the dermal covering, instead of consisting of separate

scales or spinelets, shows a close carapace of hard bony plates,

of which two are especially large and prominent— the median
dorsal and the median ventral—other large ones being placed

around the margins, while the intervening space is occupied by
a mosaic of small polygonal pieces. The position of the mouth,

a transverse slit, is seen just at the anterior margin ; it is

bounded behind by a median mental or chin-plate, but no jaws
properly so called are visible, nor are there any teeth. Then
on each margin near the front of the head is a small round pit,

exactly in the position of the dark spot seen in some examples

of Thelodus, which, if not an orbit, must indicate the position

of some organ of sense. Again, the tail is covered with scales

after the manner of a " ganoid " fish, being rhombic on the

sides, but assuming the form of long deeply imbricating fulcra

on the dorsal and ventral margins. The position of the

branchial opening, or openings, has not yet been definitely-

ascertained.

All these plates are closely covered with stellate tubercles,

and we cannot escape from the conclusion that they are formed'

by the fusion of small shagreen bodies like those of Thelodus^.

and united to bony matter developed in a deeper layer of the

skin.

If the angular lateral flaps of Thelodus represent pectoral

fins, then we would have the exceedingly strange phenomena of

such structures becoming functionally useless by enclosure in

hard unyielding plates, though still influencing the general out-

line of the fish. Be that as it may, can we doubt that in

Drepauaspis we have a form derived by specialisation from a
Coelolepid ancestor ?

ThK Drepauaspis throws likewise a much desired light on
the fragmentary Devonian remains known since Agassiz s time

as Psaviinosteus. These consist of large plates and fragments^

of plates, composed of vaso-denline, and sculptured externally

by minute closely-set stellate tubercles, exactly resembling the

scales of some species of Thelodus. These tubercles are also

frequently arranged in small polygonal areas, reminding us

exactly of the small polygonal plates of Drepiinaspis, and, like

them, often having a specially large tubercle in the centre.

1 R. H. Traquair, "Report on Fossil Fishes collected by the Geological

Survey in the Silurian Rocks of the South of Scotland," Trans. Roy. Soc.

Edin., vol. xxxix. 1899, pp. 827-864.
2 1 am indebted to Sir A. Geikie, F.R.S., Director-General of the

Geological Survey, for permis-ion to make use of this and other facts dis--

closed by Mr. Tait's work in the Lesmahagow Silurians during the present

summer.
3 R. H. Traquair, Cfol. Ma^., Apiil 19 o.
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That Psamiiiosteus had an ancestry similar to that of Drepan-
aspis can also hardly be doubted.

Finally, in the well-known Pteraspis of the Upper Silurian

and Lower Devonian formations we have a creature which also

has the head and anterior part of the body enveloped in a

carapace, to which a tail covered with rhombic scales is

appended behind, and, though the caudal fin has never been
properly seen, such remains of it as have occurred distinctly

indicate that it was heterocercal in its contour. The plates of

the carapace have a striking resemblance in general arrange-

ment to those of Drepanaspis, though the small polygonal

pieces have disappeared, and there is a prominent pointed

rostrum in front of the mouth ; and it is to be noted that the

small round apertures usually supposed to be orbits are in a

position quite analogous to that of the sensory pits in Drepan-
aspis. The plates of the carapace of Pteraspis are not, how-
ever, tuberculated, but ornamented by fine close parallel ridges,

the microscopic structure of which, along with their frequent

lateral crenulation, leaves no doubt in our minds that they have
been formed by the running together in lines of ThelodusAWi^
shagreen grains. An aperture supposed to be branchial is seen

on the plate forming the posterior angle of the carapace on
each side.

Until these recent discoveries concerning the Crslolepidae and
Drepanaspidse, Pteraspis and its allies, Cyathaspis and
Palaeaspis, constituted the only family included in the order

Heterostraci of the sub-class Ostracodermi, distinguished, as

shown by Lankester, by the absence of bone lacuna in the

microscopic structure of their plates. It is now, however, clear

that we can trace them back to an ancestral family in which the

external dermal armature was still in the generalised form of

separate shagreen grains or spinelets.

But the Ostracodermi are usually made to include two other

groups or orders, namely the Osteostraci and the Asterolepida.^

The Osteostraci are distinguished from the Heterostraci by
the possession of lacunoe in their bone structure, and by
having the eyes in the middle of the head-shield instead of at

the sides. Cephalaspis, which occurs from the Upper Silurian

to the top of the Devonian, is the best known representative of

this division. Instead of a carapace, we find a large head -shield

of one piece, though its structure shows evidence of its having
been originally composed of a mosaic of small polygonal plates,

and it is also to be noted that the surface is ornamented by
small tubercles, there frequently being one larger in size in the

centre of each polygonal area. The posterior-external angles

of the shield project backward in a right and left pointed

process or cornu, scarcely developed in C. Murchisoni, internal

to which, and also organically connected with the head-shield,

is a rounded flap-like structure, which strongly reminds us of

the lateral flaps of the Coelolepidje. The body is covered with
scales, which on the sides are high and narrow ; there is a small

dorsal fin, and the caudal, though heterocercal, is not bilobate.

It is scarcely necessary for me to add that we find just a little

evidence of jaws or of teeth as in the case of the Heterostraci.

The association of the Heterostraci and Osteostraci in one
sub-class of Ostracodermi has been strongly protested against

by Prof. Lankester and Dr. O. M. Reis, but here the Scottish

Silurian strata come to the rescue with a form which I described

last year under the name of Ateleaspis tessellala, and of which
some more perfect examples than those at my disposal at that

time have recently come to light through the labours of Mr.
Tait, of the Geological Survey of Scotland.

Here we have a creature whose general form reminds us

strongly of Thelodus, but whose close affinity to Cephalaspis is

absolutely plain, were it only on account of the indications of

orbits on the top of the head.
The expanded anterior part which here represents the head-

shield of Cephalaspis shows not the slightest trace of cornua,
but forms posteriorly a gently rounded lobe on each side,

clearly suggesting that the cornual flaps of Cephalaspis are

homologous with and derivable from the lateral expanses in the

Coelolepidse. This cephalic covering is composed of numerous
small polygonal plates like those of which the head-shield in

Cephalaspis no doubt originally consisted, and the minute
tubercles which cover their outer surfaces also suggest that the

superficial layer was formed by the fusion of Coelolepid scales.

1 To these I myself recently added a fourth, the Anaspida, for the
remarkable Upper Silurian family of Birkeniidse, but as these throw no
light as yet on the problem of Descent they may at present be only
mentioned.
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The body is covered with rhombic scales, sculptured externally

with tubercles and wavy transverse ridges, and arranged in lines

having the same general direction as the scutes of Cephalaspis,

from which we may infer that the latter originated from the
fusion of scales of similar form. The fins are as in Cephalaspis,

there being one small dorsal situated far back, and a heteroceral

caudal, which is triangular in shape, and not deeply cleft into

upper and lower lobes as in the Coelolepidre. Finally, the

scales, on microscopic examination, show well-developed bone
lacuna' in their internal structure.

That Ateleaspis belongs to the Osteostraci there is thus not

the smallest doubt, but its general resemblance to the Coelo-

lepida in its contour anteriorly led me to regard it as an annectent
form, and consequently to believe that there is after all a
genuine genetic connection between the Heterostraci and the

Osteostraci. And I have not seen reason to depart from that

opinion even th ugh Ateleaspis turns out to be still closer to

Cephalaspis than was apparent in the original specimens.

If this be so, then Cephalaspis, as well as Pteraspis and its

allies, is traceable to the Ccelolepidge, shark-like creatures in

which, as we have already seen, the dermal covering consists of

small shagreen-like scales, or of minute hollow spines, and
consequently all theories as to the arthropod origin of the

Ostracodermi, so far as they are founded on the external con-

figuration of the carapace in the more specialised forms, must
fall to the ground. And from the close resemblance of these

scales of Thelodus to Elasmobranch shagreen bodies— for forty-

five years they had been, by most authors, actually referred to

the Selachii— I concluded that the Coelolepida owed their origin

to some form of primitive Elasmobranchs. That is, however,

not in accordance with the view of the late Prof Cope, that the

Ostracodermi are more related to the Marsipobranchii, and that,

from the apparent absence of lower jaw, they should be placed

along with the last-named group in a class of Agnatha, altogether

apart from the fishes proper. And Dr. Smith Woodward, who
is inclined to favour Cope's theory, has expressed his view that

the similarity of the Coelolepid scales to Elasmobranch shagreen

is no proof of an Elasmobranch derivation, but that such struc-

tures, representing the simplest form of dermal hard parts, may
have originated independently in far distant groups.^ Knowing
what we do of the occurrence of strange parallelisms in evolution,

it would not be safe to deny such a possibility. But as to a

Marsipobranch affinity, I would point out that the apparent

want of lower jaw among the hard parts which nature has pre-

served for us is no proof of the absence of a Meckelian cartilage

among the soft parts which are lost to us for ever ; and also, as

Prof. Lankester has remarked, that there is no evidence what-

ever that any of the creatures classed together as Ostracodermi

were monorhinal like the Lampreys. The only fossil vertebrate

having a single median opening, presumably nasal, in the front

of the head is Palaeospondylus, but, whatever be the true affinities

of this little creature, at present the subject of so much dispute,

I think we may be very sure that it is not an Oslracoderm.

The Devonian "Antiarcha" or Asterolepida, of which

Pterichthys is the best known genus, are also usually placed in

the Ostracodermi, with which they agree in the possession of a

carapace of bony plates, in the absence of distinct lower jaw or

teeth, in the non-preservation of internal skeleton, and in haviiig

a scaly tail furnished with a heterocercal caudal fin, and, as in

the Cephalaspida, also with a small dorsal. But they have in

addition a pair of singular jointed thoracic limbs, evidently

organs of progression, which are totally unlike anything in the

Osteostraci or in the Heterostraci, or indeed in any other group

of fishes. These limbs are covered with bony plates and hollow

inside, but though I once fancifully compared them in that

respect with the limbs of insects, I must protest strongly against

this expression of mine being quoted in favour of the arthropod

theory of the derivation of the Vertebrata !

Nor do I think that there is any probability m the view pub-

lished by Simroth nine years ago,- namely, that Pterichthys may
have been a land animal which used its limbs for progression on

dry ground, and that the origin of the heterocercal tail was the

bending up of the extremity of the vertebral axis caused by its

being dragged behind the creature in the act of walking. That

view was promulgated before the discovery of the membranous

expanse of the caudal fin in this genus.

But though the Asterolepida are apparently related to and in-

clusible in the Ostracodermi, the geological record is silent as

1 Geol. Mag., March 1900.
2 " Die Entstehung der Landthiere," Leipzig, 1891.
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to their immediate origin, no intermediate forms having been
found connecting them more closely with either the Hetero-

straci or the Osteostraci. In the possession of bone lacunce and
of a dorsal fin they have a greater resemblance to the latter, but

it may be looked upon as certain that they could have had no
direct origin from that group.

As regards the Ostracodermi as a sub-class, they become
extinct at the end of the Devonian epoch, and cannot be credited

with any share in the evolution of the fishes of more recent

periods, not even if we restore the Coccosteans or Arthrodira to

their fellowship. To the latter most enigmatical group, which I

shall still continue to look upon as fishes, I shall make some
reference further on.

Coming now to say a word regarding the Elasmobranchii, it

is plain from the fin-spines found in Upper Silurian rocks that

they are of very ancient origin, and that if we only knew them
properly they would have a wonderful tale of evolution to tell.

But their internal skeleton is from its nature not calculated for

preservation, and for the most part we only know those creatures

from scattered teeth, fin-spines and shagreen, specimens show-
ing either external configuration or internal structure being rare,

especially in Palaeozoic strata. But from what we do know,
there is no doubt that the ancient sharks were less specialised

than those of the present day, and that the recent Notidanids
still preserve peculiarities which were common in the Selachii of

past ages.

If we ask whether the fossil sharks throw any light on the dis-

puted origin of the paired limbs, whether from the specialisation

of right and left lateral folds, or whether that type of limb
called " archipterygium " by Gegenbaur, consisting of a central

jointed axis with pre- and post-axial radial cartilage at-

tached, was the original form, I fear we get no very definite

answer from Elasmobranch palaeontology. The paired fins of

the Upper Devonian shark, Cladoselache, as described by Bash-
ford Dean, Smith Woodward and others, seem to favour the

lateral fold theory, and Cope pointed to the right and left series

of small intermediate spines which in some Lower Devonian
Acanthodei (Parextis and Climatius) extend between the

pectorals and ventrals as evidence of a former continuous lateral

fin. So also, if I am right in looking on the lateral flaps of the

CrelolepidjE as fins, the evidence of these ancient Ostracodermi
would be in the same direction.

But, on the other hand, we have the remarkable group of

Pleuracanthidre, extending from the Lower Permian back to

the Upper Devonian, in which the paired fins are represented

by an "archipterygium" which in the pectoral at least is

biserial,

From this biserial "archipterygium " in the Pieuracanthidae,

Prof. A. Fritsch, ten years ago, ^derived the tribasal arrangement
of modern sharks, much according to the Gegenbaurian method,
effecting, however, a compromise with the lateral fold theory

by assuming that the Pleuracanth form originated from one,

consisting of simple parallel rods, like that described in

Cladoselache.

In my description of the pectoral fin of the Carboniferous
Cladodus Neihoni'- 1 have shown that the cartilaginous structures

apparently present an uniserial archipterygium intermediate be-

tween the arrangement in Plenracanthtis and that in the modern
sharks, but I felt compelled to acknowledge that the specimen
might also be interpreted in exactly the opposite way, namely,
as an example of a transition from the " ptychopterygium" of

Cladoselache to the Pleuracanth and Dipnoan limb. And so in

fact this fin of Cladodus is claimed in support of their views by
both parties in the dispute.

When we add that Semon emphatically denies that there is

any proof for considering that the pectoral fin of Cladoselache is

primitive in its type,' and that Campbell Brown, in his recent

paper on the Mesozoic genus Hybodus,* supports Gegenbaur's
theory, it will be seen that Elasmobranch palaeontology has not
as yet uttered any very clear or decided voice on the question as

to whether the so-called archipterygium is the primary form of

paired fin in the fish, or only a secondary modification. We
shall now inquire if we can obtain any more light on the subject

from the Crossoplerygii and Dipnoi.

1 " F.iuna der Gaskohle und der Kalksteine der Permformation B&hmens,"
vol. iii. Pt. i. (Prague, 1890), pp. 44-45.

2 Trans. Geol. Soc. (Glasgow), vol. xi. Pt. \. 1897, pp. 41-50.
3 " Die Entwickelung der paarigen Flossen des Ceratodus Forsteri."

(Jena, 1898.)
• " Ueber das Genus Hybodus und seine systematische Stellung,'

PalaeoHtographica, vol. xlvi. 1900.
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The Crossopterygii are a group of Teleostomous fishes, charac-
terised externally by their jugular plates and lobate paired fins,

and represented in the present day only by the African genera
Polypterus and Calamoichthys, which together form the peculiar

family Polypteridre. The Crossopterygii appear suddenly in the

middle of the Devonian period, their previous ancestry being
unknown to us.

Four families ' are known to us in Palaeozoic times—the Osteo-
lepidae, Rhizodontidae, Holoptychiidse and Coelacanthidae, but
it is only with the first three that we have at present to deal.

The Osteolepidai and Rhizodontidae, which appear together in

Middle, and die out together in Upper Palaeozoic times, re-

semble each other very closely. In both we have the paired

fins, more especially the pectoral, obtusely or subacutely lobate ;

there are two separate dorsal fins, one anal, and the caudal,

which is usually heterocercal, though in some genera it is more
or less diphycercal. In both the teeth are conical and have the

same complex structure, the dentine being towards the base
thrown into vertical labyrinthic folds, exactly as in the Stego-

cephalian Labyrinthodonts, and this along with the lung-like

development of the double air-bladder in the recent Polypteridae

has given rise to the view that from these forms the Stego-

cephalia have originated. The nasal openings must have been
on the under surface of the snout, as in the Dipnoi.

Of these two so closely allied families we must conclude that

the Osteolepidae are the more primitive, as in them the scales

are acutely rhombic and usually covered with a thick layer of

ganoine, while in the Rhizodontidae they are rounded, deeply
imbricating, and normally devoid of the ganoine layer, which,
however, occasionally recurs on the scales of Rhizodopsis and
the fin-rays of Gyroptychius.

What then of the structure of the paired fins ? Fortunately

in the Rhizodont genera Tristichoplerus and Eusthenopteron the

internal skeleton of the lobe was ossified, and what we see

clearly exhibited in the pectoral of some specimens is striking

enough. We have a basal piece attached to the shoulder-girdle

and followed by a median axis of four ossicles placed end to

end. The first of these shows on its postaxial margin a strong

projecting process, while to its preaxial side, close to its distal

extremity, a small radial piece is obliquely articulated, and a

similar one is joined also to the second and third segments of

the axis. The arrangement in the ventral fin is essentially

similar.

In fact, we have in the Rhizodontidae a short uniserial
" archipterygium," and the question is. Has this been formed
by the shortening up and degeneration o.f an originally elongated

and biserial one, or on the other hand do we find here a condi-

tion in which the stage last referred to has not yet been
attained ? This question is inseparable from the next, whether

the Rhizodonts or the Holoptychians form the most advanced
type?
The Holoptychiidae resemble the Rhizodontidae extremely

closely in their external head-bones, in their rounded, deeply

imbricating scales, and in the form and arrangement of their

median fins. But the teeth show a more complex and special-

ised structure than those of the Rhizodontidae ; the simple

vertical vascular tubes formed by the repeated folding of the

dentine in that family being connected by lateral branches

around which the dentine tubules are grouped in such a way as

to give rise in transverse sections to a radiating arborescent

appearance; hence the term " dendrodont." In this respect,

then, the Holoptychiidae show an advance on the Rhizodontidae

—what then of the paired fins ? While the ventral remains sub-

acutely lobate, as in the previous family, the pectoral has now
assumed an elongated acutely lobate shape, with the fin-rays

arranged along the two sides of a central scaly axis exactly as

in the Dipnoi ; and though the internal skeleton has not yet

been seen, yet, judging by analogy, we cannot escape the belief

that it was in the form of a complete biserial "archipterygium."

What, then, is the condition of affairs in the oldest known
Dipnoan ?

The oldest member of this group with whose configuration we
are acquainted is Dipterus, which likewise appears in the

middle of the Devonian period simultaneously with the Osteo-

lepidre, Rhizodontidae and Holoptychiidae. In external form it

closely resembles a Holoptychian, having a heterocercal caudal

fin, two similarly placed dorsals, one anal, and circular imbri-

cating scales, which, however, have the exposed pirt covered

1 Five, if we include the singular and still imperfectly known Tarrasiidie

of the Lower Carboniferous.
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"with smooth ganoine. But now we have the ventrals as well as

the pectorals acutely lobate in shape, and presumably archi-

pterygial in structure ; the top of the head is covered with

many small plates, there is no longer a dentigerous maxilla, the

skull is autostylic, and the palatopterygoids and the mandibular
splenial are like those of Ceratodus and bear each a tooth-plate

with radiating ridges.

Now, comparing Dipterus with the recent Ceratodus and
Protoptertis, the first conclusion we are likely to draw is, that

the older Dipnoan is a very specialised form, that its heterocercal

tail and separate dorsals and anal are due to specialisation from
'the continuous diphycercal dorso-ano-caudal arrangement in the

recent for-nis, that the Holoptychiidoe were developed from it by
shortening up of the ventral archipterygium, as well as by the

changes in cranial structure, and that the Rhizodpntidse and
•Osteolepid^ are a still more specialised series in which the pec-

toral archipterygium has also shared the fate of the ventral in

/becoming shortened up and uniserial.

Five years ago, however, M. Dollo, of the Natural History
Museum at Brussels, the well-known describer of the fossil rep-

tiles of Bernissart, proposed a new view to the effect that the
'process of evolution had gone exactly in the opposite direction ;

^

and after 4ong consideration of the subject I find it difficult to

-escape from the conclusion that this view is more in accordance
with the facts of the case, though, as we shall see, it also has its

•own difficulties.

I have already indicated above that we are, on account of the
more specialised structure of the teeth, justified in considering
'the Holoptychians, with their acutely lobate pectorals, a newer
type than the Rhieodonts, even though they did not survive so
long in geological time. What, then, of the question of
autostyly?

We do not know the suspensorium of Holoptychius, but that
of the Rhieodontidae was certainly hyostylic, as in the recent
Polypterus. Now as there can be no doubt that the autostylic

condition of skull is a specialisation on the hyostylic form, as
seen also in the Chimseroids and in the Amphibia, to suppose
•that the hyostylic Crossopterygii were evolved from the autostylic
iDipnoi is, to say the least, highly improbable ; in my own
opinion, as well as in that of M. Dollo, it will not stand.

And if we assume a genetic connection between the two
groups it is in accordance with all analogy to look on the
Dipnoi a« the children and not as the parents of the
•Crossopterygii.

M. Dollo adopts the opinion of Messrs. Balfour and Parker
that the apparently primitive diphycercal form of tail of the
recent Dipnoi is secondary, and caused by the abortion of the
termination of the vertebral axis as in various "Teleostei," so
that no argument can be based on the supposition that it repre-
sents the original " protocercal " or preheterocercal stage. Very
likely that is so, but it is not of so much importance for the
present inquiry, as both in the Osteolepidze and Rhizodontidse
we find among otherwise closely allied genera some which are
heterocercal, others more or less diphycercal. Diplopteriis, for

example, differs from Thursius only by its diphycercal tail, and
in like manner among the Rhizodontidse Tristichopterus is

heterocercal, EustJienopteron is nearly diphycercal, and there
•can be no doubt that, in spite of this, their caudal fins are
perfectly homologous structures.

But of special interest is the question of the primitive or non-
primitive nature of the continuity of the median fins in the recent
Dipnoi. Like others I was inclined to believe it primitive, and
that the broken-up condition of these fins in Dipterus was a
subsequent specialisation, and in fact gave the series Phanero'
J>leuroit, Scaumenacia, Dipterus macropterus and D. Valettcien-

nesii as illustrating this process of differentiation. This view of
course draws on the imperfection of the geological record in
assuming the existence of ancient pre-Dipterian Dipnoi with
continuous median fins, which have never yet been discovered.
But Dollo, using the very same series of forms, showed good
reason for reading it in exactly the opposite direction.

The series is as follows :

—

(i) Dipterus Valenciennesii, Sedgw. and Murch., from the
Orcadian Old Red, and the oldest Dipnoan with whose shape
we are acquainted, has two dorsal fins with short bases, a
heterocercal caudal, and one short-based anal.

(2) Dipterus macropterus, Traq., from a somewhat higher
•horizon in the Orcadian series, has the base of the second dorsal
much extended, the other fins remaining as before.

1 "Sur laPhylogeni« des Dipneustes," Bulletin Soc. beige geol. paleont.
^hydr., vol. ix. 1895.
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(3) In Scaumenacia curta (Whiteaves), from the Upper
Devonian of Canada, the first dorsal has advanced considerably
towards the head, and it^ base has now become elongated, while
the second has become still larger and more extended, though
still distinct from the caudal posteriorly.

(4) In Phaneropleuron Andersoni, Huxley, from the Upper
Old Red of Fifeshire, the two dorsal fins are now fused with
each other and with the caudal, forming a long continuous fin

along the dorsal margin, while the tail has become nearly
diphycercal, with elongation of the base of the lower division of
the fin. But the anal still remains separate, narrow, and short-
based.

(5) In the Carboniferous Uronemus lobatus, Ag., the anal is

now also absorbed in the lower division of the caudal, forming
now, likewise on the haemal aspect, a continuous median fin be-
hind the ventrals. There is also a last and feeble remnant of a
tendency to an upward direction of the extremity of the vertebral
axis.

(6) In the recent Ceratodus Forsteri, Krefft, the tail is diphy-
cercal (secondary diphycercy), the median fins are continuous,
the pectorals and ventrals retain the biserial archipterygium, but
the cranial roof-bones have become few.

(7) In Protopte7-us antiectens, Owen, the body is more eel-like,

and the paired fins have lost the lanceolate leaf-like appearance
which they show in Ceratodus and the older Dipnoi They are
like slender filaments in shape, with a fringe on one side of
minute dermal rays ; internally they retain the central jointed
axis of the " archipterygium," but according to Wiedersheim the
radials are gone, except it may be one pair at the very base of
the filament.

(8) Finally, in Lepidosiren paradoxa, Fitz., the paired fins are
still more reduced, having become very small and short, with
only the axis remaining.
From this point of view, then, Dipterus, instead of being the

most specialised Dipnoan, is the most archaic, and the modern
Ceratodus, Protoplerus and Lepidosiren are degenerate forms, and
instead of the Crossopterygii being the offspring of Dipterus-\We
forms, it is exactly the other way, the Dipnoi owing their origin to

Holoptychiidce, which again are a specialisation on the Rhizo-
dontidse, though they did not survive so long as these in

geological time. Consequently the Ceratodus limb, with its long
median segmented axis and biserial arrangement of radials, is not
an archipterygium in the literal sense of the word, but a deri-

vative form traceable to the short uniserial type in the Rhizo-
donts. But from what form of fin that was derived is a question
to which palaeontology gives us no answer, for the progenitors
of the Crossopterygii are as yet unknown to us.

Plausible and attractive as this theory undoubtedly is, and
though it relieves the palaeontologist from many difficulties

which force themselves upon his mind if he tries to abide by the
belief that the Dipnoan form of limb had a selachian origin, and
was in turn handed on by them to the Crossopterygii, yet it is

not without its own stumbling-blocks.
First, as to the dentition, on which, however, M. Dollo does

not seem to put much stress, it is impossible to derive Dipterus
directly from the Holoptychiidse, unless it suddenly acquired, as

so many of us have to do as we grow older, a new set of teeth.

The dendrodont dentition of Holoptychius could not in any way
be transformed into the ctenodont or ceratodont one of Dipterus :

both are highly specialised conditions, but in different directions.

Semon has recently shown that the tooth- plates of the recent

Ceratodus arise from the concrescence of numerous small simple
conical teeth, at first separate from each other. ^ Now this stage

in the embryo of the recent form represents to some extent the

condition in the Uronemidfe of the Carboniferous and Lower
Permian, which stand quite in the middle of DoUo's series.

Again, the idea of the origin of the Dipnoi from the Crosso-
pterygii in the manner sketched above cuts off every thought of a
genetic connection between the biserial archipterygium in them
and in the Pleuracanthidae, so that we should have to believe

,

that this very peculiar type of limb arose independently in the

Selachii as a parallel development. It may be asked. Why not ?

We may feel perfectly assured that the autostylic condition of the

skull in the Holocephali arose independently of that in the

Dipnoi, as did likewise a certain amount of resemblance in their

dentition. But those who from embryological grounds oppose
any notion of the origin of the Dipnoi from "Ganoids" might
here say, if they chose. If so, why should not also the same form
of limb have been independently evolved in Crossopterygii ?

Accordingly, while philosophic palaeontology is much indebted

1 " Die Z&hneniwickelung des Ceratadus Forsteri." (Jena, 1899.)
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to M. DoUo for his brilliant essay, and though we must agree

with him in many things, such as that the Crossopterygii were
not derived /r^w the Dipnoi, and that the modern representatives

of the latter group are degenerate forms, yet as to the immediate
ancestry of the Dipnoi themselves, and the diphyletic origin of

the so-called archipter}'gium, we had best for the present keep
an open mind.

In his "Catalogue of the Fossil Fishes " in the British Museum
(vol. ii. 1891), Dr. Smith Woodward, following the suggestion of

Newberry in 1875, classified the Coccosteans or "Arthrodira"
as an extremely specialised group of Dipnoi. At first I was
much taken with that idea, but after looking more closely into

the subject I began to doubt it extremely. My own opinion at

present is that the Coccosteans are Teleostomi belonging to the

next order, Actinopterygii ; but Prof. Bashford Dean, of New
York, will not have them to be even " fishes," but places them
in a distinct class of "Arthrognatha," which he places next to

the Ostracophori ( = Ostracodermi), even hinting at a possible

union with them, whereby the old " Placodermata " of McCoy
would be restored. It will, therefore, be better to leave them
out of consideration for the present, pending a thorough re-

€xamination of their structure and affinities.

We come then to the great order of Actinopterygii, to which
a large number of the fishes of later Palreozoic age belong, as

well as the great mass of those of Mesozoic, Tertiary and
Modern times. Of these we first take into consideration the

oldest sub-order, namely, the Acipenseroidei or Sturgeon tribe,

in which the dermal rays of the median fins are more numerous
than their supporting ossicles, while the tail is, in most, com-
pletely heterocercal. And the oldest family of Acipenseroids

with which we are acquainted is that of the PalceoniscidM,

which, in addition to well-developed cranial and facial bones,

has the body normally covered with rhombic ganoid scales

furnished with peg-and-socket articulations. Of this family one

genus, Cheirolipis, appears in the same Devonian strata

(Orcadian series) with the earliest known Crossopeterygii, and
of its immediate ancestry we know no more than we do of theirs.

Cheirokpis is a fully evolved palteoniscid, as shown by its

oblique suspensorium, wide gape, and other points of its structure.

In the Lower Carboniferous rocks of Scotland, where the family

attains an enormous development, we find one or two genera, e.g.

Canohius, which appear less specialised, as the suspensorium is

nearly vertical, and the mouth consequently smaller.

This family endures up to the Purbeck division of the Jurassic

formation, and in the Carboniferous Cryphiolepis, the Lower
Permian Trissolepis and the Jurassic Coccolepis we find the

same degeneration of the rhombic scales into those of a circular

form and imbricating arrangement, which we find repeated in other

groups of "Ganoids." In fact, in one Carboniferous genus,

Phanerosteon, the scales disappear altogether with the exception

of those on the body prolongation in the upper lobe of the caudal

fin, and a few just behind the shoulder-girdle.

And in these Palaeozoic times we notice also a .side branch of

the PalDeoniscidae, constituting the family Platysomid?e, in which,

while the median fins acquire elongated bases, the body becomes

shortened up and deep in contour. The scales become high and
narrow, their internal rib and articular spine coincident with the

anterior margin ; the suspensorium, too, instead of swinging

back as in the typical Palseoniscidae, tends to be directed

obliquely forward, while the snout becomes simultaneously

elongated in front of the nares.

A most interesting series of forms can be set up, beginning

with Eurynotus, which, though it has the platysomid head

contour and a long-based dorsal, has only a slight deepening oi

the body, and still retains the palaioniscid squamation and a

short-based anal fin. In Mesolepis, which resembles Eurynotus
in shape, being only slightly deeper, we have now the charac-

teristic platysomid squamation, and the base of the anal fin is

considerably elongated. Platysomus has a still more elongated

anal fin, and the body is rhombic ; while in Cheirodits the body
is still deeper in contour, with peculiar dorsal and ventral peaks,

long fringing dorsal and anal fins, while the ventrals seem to

have disappeared altogether. Heie also, as in the allied genus

Cheirodopsis, the separate cylindro-conical teeth characteristic of

the family are, on the palatal and splenial bones, replaced by

dental plates, reminding us of those of the Dipnoi. Certainly

the Platysomidre seem to me to form a morphological series

telling as strongly in favour of Descent as any other in the

domain of palaeontology.^

1 R. H. Traquair, " Structure and Affinities of the Platysomidae," Trans.
Roy. Soc. Eitin., xxix. 1879, pp. 343-391.
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If we now return to the Palaeoniscidse we find that they

dwindled away in numbers in the Jurassic rocks, and finally

became extinct at the close of that epoch. But already in the

Lias (leaving the Triassic Catopteridae out of consideration for

the present) we find that they have sent off another offshoot

sufficiently distinct to be reckoned as a new and separate family,

namely, the Chondrosteid?e, in which the path of degeneration,

in all but the matter of size, seems to have been entered on.

In the genus Chotidrosteus, though the palaeoniscid type is

clearly traceable in the cranial structure, there is marked
degeneration as regards the amount of ossification, and though
the suspensorium is still obliquely directed backward the tooth-

less jaws are comparatively short, and the mouth seems now to

have become tucked in under the snout as in the recent

sturgeon. Then the scales have entirely disappeared from the

skin except on the upper lobe of the heterocercal caudal fin,

where they are still found arranged exactly as in the
Palneoniscidas.

Chondrosteus in fact conducts us to the recent Acipen-
seroids—the Polyodontidae (Paddle- fishes) and Acipenseridse

(Sturgeons).

The first of these resembles Chondrosteus in the nakedness of

the skin, except on the upper lobe of the caudal fin,i the more
palceoniscid aspect of the external cranial plates, such of them as

remain, for they are now still further reduced. But in front of
the mouth and eyes there is an addition in the form of an
enormous vertically flattened paddle-shaped snout covered above
and below with a large number of small ossifications.

The sturgeons have, however, nearly altogether lost the

palteoniscid arrangement of the cranial roof-bones, which,

strange to say, now exhibit an arrangement reminding us of

that in Dipterus, and the external facial plates are still more
reduced than even in Polyodon ; but we may note a very strong

resemblance to Chondrosteus in the position of the mouth, the

edentulous jaws, and the jugal bone, indeed also in the palatal

apparatus.

So the sturgeons and paddle-fishes of the present day would
seem to be the degenerate, though bulky, descendants of the

once extensively-developed group of Palajoniscidse, even as the

modern Dipnoi are degenerated from those of Palaeozoic

times.

We now notice another apparent offshoot of the Paloeoniscidse,

namely, the family of Catopteridae [Catoptertis and Dictyopyge)^

which is limited to rocks of Triassic age. Unfortunately the

osteology of the head is not well known, but Dr. Smith Wood-
ward's observations are to the effect that both the head and
shoulder-girdle are of palaeoniscoid type. The relationship of

these small fishes to the Palaeoniscidae is shown by the general

shape, the number and position of the fins, the rhombic ganoid

scales, and the close arrangement of the rays of the median fins.

But the rays of the dorsal and anal fins are now almost equal in

number to their supporting ossicles, and the tail has become
only abbreviate heterocercal. That is to say, the caudal body
prolongation no longer proceeds to the termination of the upper

lobe, which is reduced in size and in the number of its rays. The
Catopteridae are obviously an annectent group, as although from

their abbreviate heterocercal tail they have usually been placed

in the next sub-order. Dr. Smith Woodward prefers to look

upon them as Chrondrostei {i.e. Acipenseroidei).^ Wherever we
place them they express the beginning of a set of changes

towards a more modern type of fish, which are emphasised in

the great series of Lepidosteoid fishes (Protospondyli -f ^Etheo-

spondyli of Smith Woodward), being the fishes more or less

allied to the recent Bony Pike of North America.

But these changes must have been well advanced before the

Triassic era, for already in the Upper Permian occurs the genus

Acentrophorus, whose fellowship with Semionotus, LepidotuSy

and all the rest of the series of Mesozoic semi-heterocercal

" Ganoids " is at once obvious.

If we look at the configuration of a typical Jurassic member
of this series, such as Lepidotus or Etignathus, we shall at once

see that we are a stage nearer the modern osseous fish. Though
the scales are bony, rhombic, and ganoid we are struck by the
" Teleostean "-like aspect of the external bones and plates of

1 CoUinge has, however, found rudimentary scales in the skin of the recent

Polytton folium {/onrn. Anat. and Phys., ix. pp. 458-487), and Cope has

described an allied Eocene genus, Crossopholis, in which minute scales are

seen (.l/c/«. Nat. Acad. Sciences, iii. 1886, pp. 161-163).

^ Dr. Smith Woodward also refers the singular Belonorhynchidse of the;

Trias to the same sub-order on account of the excess of the number i _f the

dermal rays of the dorsal and anal over that of their supporting ossicles,

even although the tail is here abbreviate diphycerc.al.
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the head, the rays of the dorsal and anal fins are fewer and

correspond in their number to that of the internal supports or

"interspinous" bones, while in the caudal we see again the

semi-heterocercal or abbreviate- heterocercal condition we
noticed above in Catopterus.

Then if we refer to the tail of Lepidosteus itself we shall

observe how few are its rays and how evident it is that we have

here to do only with the lower lobe of the original palseoniscoid

caudal fin. For a convincing corroboration of this we have only

to look at the tail of the embryo Lepidosteus as described and
figured by Prof. A. Agassiz to see that it in reality passed

through an Acipenseroid stage, and the last we see of the upper

lobe of this tail is in the form of a filament which projects from

the top of the original lower lobe and then disappears.

Again, in these Lepidosteid forms we have a repetition of the

same tendency for the thick rhombic, peg-and-socket articula-

ting scales to become rounded and imbricating as we saw in the

Crossopterygii and again in the PaloeoniscidEe. So, for instance,

in Caturus, which has been shown by Dr. Smith Woodward to

resemble Eugnathus so closely in structure, the scales are deeply

overlapping, and most of them " cycloidal " in shape. To such

an extent does this go that in the recent Amia, whose skeletal

structure so clearly shows it to belong to this group, the rounded

scales are so thin and flexible that after it was removed from the

Clupeoid family, or Herrings, and placed among the " Ganoids"
it was considered to be the type of a distinct sub-order of
" Amioidei." Ten years ago, however, Dr. Beard came to the

conclusion, from anatomical and embryological data, that this

division could no longer be maintained, and that the Amioids
must in fact be united with the Lepidosteids.^ Dr. Smith
Woodward has, therefore, in the third volume of his catalogue,

done well to reduce the "Amioidei" to the rank of a family,

including also the Jurassic genera Liodesmus and Megalurus,

and to place this family close to the Eugnathidse.

As the Asipenseroids dwindled away after the close of the

great Palaeozoic era, and are now scantily represented only by
the degenerate paddle-fishes and sturgeons, so the Lepidosteid

series, flourishing greatly in the Trias and Jura, in their turn

declined in the Cretaceous, and in the Tertiary period became
about as much a thing of the past as they are now, the North
American Lepidosteus and Amia, of which remains of extinct

species have also been found in Eocene and Miocene rocks, only

remaining. These two genera can, however, hardly be called

"degenerate."
But that the fishes which succeeded the Lepidosteids in

populating the seas and rivers of the globe were evolved from

them there can be no reasonable doubt, while it is equally clear

that they branched off at an early period, as already in the

Trias we find the first representatives of the order of Isospondyli,

which contains our familiar Herrings, Salmonids, Elopids,

Scopelids, &c. For Dr. Smith Woodward has not only

definitely placed the Jurassic Leptolepidae and Oligopleuridse in

the Isospondyli, but also the Pholidophoridse, which appear in

the Trias and extend to the Purbeck. And it is of special

interest that in the Pholidophori the scales are still brilliantly

ganoid and mostly retain the peg-and-socket articulation, while

in the allied Leptolepidse, although they have become thin and
circular, a layer of ganoine mostly remains.

With the Isospondyli we now get fairly among the bony fishes

of modern type—Teleostei as we used to call them—to which
other sub-orders are added in Cretaceous and Tertiary times,

and which in the present day have assumed an overwhelming

numerical preponderance over all other fishes. The prevalent

form of scale among these is thin, rounded, deeply imbricating,

and with the posterior margin either plain (cycloid) or serrated

(ctenoid). But that these " cycloid " and " ctenoid " scales are

modifications from the rhombic osseous "ganoid" type we
cannot doubt after what we have seen. It is indeed strange

that the same tendency to the change of rhotnbic into circular

overlapping scales should have occurred independently in more
than one group.

For reasons given at the beginning, and also because I fear I

have already exceeded the limit of time usually allotted to such

an Address, I must now stop.

Butinconclusionlmayalludetoa well-known fact regarding the

tail of these modern fishes, the bearing of which on the doctrine

of Descent is sufficiently clear and has long been recognised.

1 "The Inter-relationships o{x^^\c\i\^yo^^\As." AnatovtischerAnzeiger,

1890. Smith Woodward arrived at the same result in 1893 from the study

of the Jurassic genera / cpidoius and Dapedi'is. See Proc. Zool. Soc. Land.,

June 20, 1893, pp. 559-565-
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We have seen that the completely heterocercal tail of the
typical Acipenseroid becomes, by abortion of the upper lobe
and shortening of the axis, the semi-heterocercal one of the
Lepidosteids, in most of which, however, the want of symmetry
is still perceptible externally by a short projection or "sinus"
of scales which is directed obliquely upward at the beginning of

the top of the fin. In the ordinary bony fishes and in some
Lepidosteids also the caudal fin becomes likewise symmetrical,
as seen from the outside ; generally also bilobate, though the
upper lobe is not that of a Palaeoniscid or Sturgeon. This con-
dition of tail has been long known as " homocercal." But in

many such homocercal tails, when we dissect away the skin and
soft parts, the upward bend of the vertebral axis is revealed, and
in some, as in the Salmon, the extremity of the vertebral axis

is continued as a cartilaginous style among the rays near the

upper margin of the fin. But there are many others, such, for

instance, as the peculiarly specialised group of Pleuronectidse or

flat fishes, in which the skeleton of the caudal extremity looks

quite symmetrical, but yet in the embryo the extremity of the

notochord is seen to have an upward bend, showing that the

homocercal tail is indeed a specialisation on the old heterocercal

one. It is strange that though this embryological fact was long

ago pointed out by Agassiz, and though he noted its great

interest in connection with the prevalence of heterocercy among
the Palaeozoic fishes, yet he remained to the end an opponent of

evolution. But this is just one of these instances in which
Phylogeny and Ontogeny mutually illustrate each other. Why,
otherwise, should the tail of the embryo stickleback or flounder

be heterocercal ?

Incompletely as I have treated the subject, it cannot but be
acknowledged that the palaeontology of fishes is not less emphatic

in the support of Descent than that of any other division of the

animal kingdom. But in former days the evidence of fossil

ichthyology was by some read otherwise.

It is now a little over forty years since Hugh Miller died : he
who was one of the first collectors of the fossil fishes of the

Scottish Old Red Sandstone, and who knew these in some
respects better than any man of his time, not excepting Agassiz

himself. Yet his life was spent in a fierce denunciation of the

doctrine of evolution, then only in its Lamarckian form, as

Darwin had not yet electrified the world with his " Origin of

Species." Many a time I wonder greatly what Hugh Miller

would have thought had he lived a few years longer, so as to

have been able to see the remarkable revolution which was
wrought by the publication of that book.

The main argument on which Miller rested was the " high "

state of organisation of the ancient fishes of the Palaeozoic

formations, and this was apparently combined with a confident

assumption of the completeness of the geological record. As to

the first idea, we know of course that evolution means the

passage from the more general to the more special, and that

although as the general result an onward advance has taken

place, yet specialisation does not always or necessarily mean
" highness" of organisation in the sense in which the term is

usually employed. As to the idea of the perfection of the geo-

logical record, that of course is absurd.

We do not and cannot know the oldest fishes, as they would

not have had hard parts for preservation, but we may hope to

come to know many more old ones, and older ones still, than we
do at present. My experience of the subject of fosil ichthyology

is that it is not likely to become exhausted in our day.

We are introduced at a period far back in geological history

to certain groups of fishes some of which certainly are high in

organisation as animals, but yet of generalised type, being fishes

and yet having the potentiality of higher forms. But, because

their ancestors are unknown to us, that is no evidence that they

did not exist, and cannot overthrow the morphological testiinony

in favour of evolution with which the record actually does furnish

us. We may therefore feel very sure that fishes, or " fish-like

vertebrates," lived long ages before the oldest forms with which

we are acquainted came into existence.

The modern type of bony fish, though not so "high" in many
anatomical points as that of theSelachii, Crossopterygii, Dipnoi,

Acipenseroidei and Lepidosteoidei of the Palaeozoic and

Mesozoic eras, is more specialised in the direction of the fish

proper, and, as already indicated, specialisation and " highness
"

in the ordinary sense of the word are not necessarily coincident.

But ideas about these things have undergone a wonderful change

since those pre-Darwinian days, and though we shall never be able

fully to unravel the problems concerning the descent of animals, we
tee many things a great deal more clearly now than we did then.
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SECTION F.

ECONOMIC SCIENCE AND STATISTICS.

Abridged from the Opening Address by Major P. G.
Craigie, V.P.S.S., President of the Section.

Of all statistical work the enumeration of the units of popula-

tion must ever take the foremost place, and on the eve of the

census to be taken before many more months have passed a re-

ference to that great impending task could hardly be omitted on
this occasion. In common with all students of the machinery

of census-taking, I am sure I echo the feelings of the Section—as
1 do those of the Royal Statistical Society, who have long

laboured in this direction—in deeply regretting that the first

census of the twentieth century is not to possess the distinction

many had hoped to see conferred upon it of being by preliminary

announcement—as I hope it may prove to be in ultimate

fact—the first of a series not of decennial but of quinquennial

countings of the people.

The growing complexity of social conditions and speed of life

in all its functions at the present date, contrasted with the

ieisurely movements of a hundred years ago, would alone and
amply justify a more frequent stock-taking of the inhabitants of

Great Britain than has been the practice in the past. The prac-

tical wants of our much multiplied system of local government
cannot fail, I believe, ere long to bring about the granting of an
intermediate numbering, even if for the moment other considera-

tions overrule the more academic pleas of statisticians for this

reform, or the arguments, sound as I believe them to be, for a

permanent Census Office, a permanent Census Act, and a trained

and continuous Census Staff, to whom preparation of the ma-

chinery beforehand and detailed elaboration of the results after

the actual census year might with real economy be entrusted.

Although the proposal which has been before the International

Statistical Institute in one form or another for a sychronous
" world's census," at the moment of passing from one century

to another, is hardly likely, for administrative reasons, and in

view of the previous fixtures of the great census-taking Govern-
ments of the earth, to be literally realised, the dates of the great

countings of the nations will nevertheless come sufficiently close

for all practical comparisons. The great Russian enumeration,

on the success of which M. Troinitsky is so heartily to be con-

gratulated, is not yet long accomplished. The twelfth census of

the United States is now being taken. The Scandinavian

inquiry coincides with the century's end, the Italian and
the Spanish censuses are already overdue, and both France
and England take their count within a few months after the

twentieth century has begun.

Attempts to utilise statistical data, to determine the relative

development of agriculture in different parts of the world and
at different periods of time, are sometimes made with regard

solely to what is described as the world's aggregate of one or

two leading individual products as typical as the rest ; or, again,

one or two typical countries, or at least countries where the

available information is more complete than elsewhere, are

chosen, and the course of development or decline of their crop
areas or the several descriptions of their animal produce is traced

and compared.
Certain obvious objections, which it is well to recognise, im-

pede the student of figures who resolves to proceed on the first

of these methods. At the outset he is arrested by embarrass-
ment attending the choice of what single products are to be held

as representative of agricultural outturn. The most usual of all

selections is that which restricts inquiries to the case of wheat.
This course appears to be rendered, comparatively speaking,

easy, as more has probably been written and more statistics,

official or unofficial, theoretical or commercial, actual or ima-
ginary, have been compiled with regard to this bread grain than
for any other crop. But it is time we recognised that wheat has
too much and too exclusive attention directed to it as a type of
agricultural production. Very widely as it is undoubtedly used in

the form of bread, even as food its place is occupied at one time
or another, and in one country or another, by other substitutes,

and its cultivation, is, after all, not the employment which de-
mands the most attention and most skill at the hands of the
agriculturist. Not only do rye and even maize serve as substitutes

or supplements in feeding man, but other crops, such as oats,

barley, millet, rice, and so on, have claims to greater notice than
they receive, and play a direct as well as indirect part in

providing food. Cotton, flax and wool are other typical

products, the use of which for clothing is all-important to an
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enormous population, and the extension or retrc^ression of

such crops deserves some of the attention of the agricultural

statistician. Tea, coffee, wine, spirits and beer are, it is not to

be forgotten, agricultural products in one clime or another, either

directly or indirectly ; and crops so important as sugar or tobacco

are almost to be classed as necessaries of existence. Of yearly

growing importance is it also, in these days, when the animal
portion of our food supply bulks so much more fully than before

in the daily rations of populations as they grow in wealth and
increase in consumptive power, that we should closely follow the

fluctuations in the live stock maintained for food and learn the

teaching of the agricultural returns on the manufacture of beef,

of mutton, of pig meat, or of milk.

Although the attempt to grasp the relative magnitude of the

agricultural production of one State as compared with another,

or to note the growth or decline of its prominence in the culti-

vation of particular staples, or the manufacture of particular kinds

of human food, is always an enterprise of difficulty in existing

statistical conditions, it is one which has fascination for many
classes of economists and politicians. If attempted at all, it is

well to recognise that there are inevitable dangers in the task,

and that if any figures are relied on as conclusive their meaning
must be interpreted by some knowledge of the demographic con-

ditions of each State and its geographical, climatic and
agricultural circumstances.

Taking a few of the most conspicuous products of the soil, it

will generally be found that a very few leading States are so par-

ticularly identified with one or other type of production that the

examination of their records are therefore available as guides to

the course of a single crop.

Probably quite two-thirds of the cotton of the world is grown
in the United States alone, where the surface so employed
reaches 25,000,000 acres as compared with under 9,000,000
acres in British India, the next largest cotton-growing region

of which statistical record exists. In wool the produce of the

Australasian Colonies of Great Britain—with flocks which still

exceed 100,000,000 head—makes much the largest contribution

to the total. In rice, so far as statistics carry us, our Indian

possessions head the list of producers. In hops the English

crop still probably exceeds the German in production, although

the latter with larger area closely contests the place. In

tobacco, while the acreage apparently employed in British

India is nearly double the 595,000 acres in the United States,

no other country in our statistical records comes within one-

seventh of the American area. The vineyards of Italy are

returned as covering 8,500,000 acres, and those of France

4,300,000 acres, while those of Austria and Hungary,
next in magnitude, cover but a seventh part of the

last-mentioned figure. Russia bulks largely as a grower
of flax, and alone shows a whole third of the area of barley

recorded in all the countries which supply returns, and if in the

case of potatoes the Russian acreage is not very different from

that of Germany the total production of the latter empire

reaches the largest aggregate of any single country.

If the subject of inquiry be the place of wheat-growing in

the world at one date or another, it would not be to the older

European countries, other than Russia at all events, we should

turn to see where the surface so utilised was extending.

Reckoned by the percentage of her cereal area which she still

devotes to wheat, France, with 47 per cent, under the crop,

or Italy, with 55 per cent., would naturally be selected as

typical wheat-growers ; but both are practically in a stationary

or, collectively, even in a slightly retrograding position. It is

on the other side of the Atlantic where the most note-

worthy movements have occurred. In comparatively new
exporting countries, such as Argentina and Canada, though

the statistics from neither are complete, wheat areas

still extend, and that of the United States, though fluctuating

with great sensitiveness under varying price conditions, and
moving from one centre to another westward or north-

westward across the American continent, is now reported as

covering 44,600,000 acres. This total, it must be allowed,

whatever views may be held as to future progress, makes the

United States a typical grower of this particular cereal, to which

it gives an importance second only to the still more extensive

product of American soil, to which we give the name of maize,

but to which alone in American parlance is allowed the title

of corn.

The leading changes in the production of typical crops as

measured by the acreage, and the stock of cattle, sheep and
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swine recorded at or near the commencement, the middle, and
the close of the past thirty years, may be contrasted for export-

ing countries with expanding populations and growing agri-

culture, and in countries where these conditions are absent, or

in a typical consuming centre like our own country. Relying

on the agricultural returns of the United States, a table could

be constructed, as under, for three dates within the past thirty

years which furnish the following indication of agricultural

changes :

—

United States
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inhabitants the United Kingdom is now one actually greater

by 2,ooo,ocx3 persons than is France. This is an increase

of more than 30 per cent., while the surface under
wheat has heavily fallen, the main loss occurring under
circumstances which have been amply discussed between

1879 and 1895. With some revival, as in America, consequent
on an improvement of price in recent years, the slight apparent
decline I have shown in the cultivation of oats is in fact con-

fined to Ireland, the area in Great Britain being greater than
at the beginning of the period. The cattle stock of the United
Kingdom is increased by some 23 per cent., and the swine by
about 8 per cent., while our flocks of sheep have been main-
tained at a level far exceeding that of other European States,

and distinctive in a peculiar manner of the agriculture of Great
Britain, for they still represent, as it appears, on the average 400
sheep to every 1000 acres of land, against 164 in France, 81 in

Germany, 32 in Belgium, and 17 in the United States.

Passing to a comparison with another great country, which,
like the United States, is a typical exporter of more than
one form of agricultural produce, it may be asked how far

the available statistics of Russia allow such information to be
furnished. For the earliest of the three years contrasted the
dates from the Russian empire are meagre and unsatisfactory.

Poland must be excluded as blank in our statistics at that time,

while as regards animals no figures at all would appear to have
been made public for any of the last twelve years. With such
qualifications as these, the available data for the nearest year in

the larger crops stood as under :—

Russia in Europe {ex Poland)
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the total may have reached 8,000,000 acres, or nearly five

million acres more than the final figure in Sir Robert Giffen's

calculation. If anything like 20,000,000 acres have thus been
added to the wheat-growing surface of the globe in the last five

or six years, which these further figures suggest, even if no cor-

rection be made for the Indian quota, there may be much less

difference than was suggested in the memorandum between the

growth of population and wheat-growing.

Without attempting in any way to controvert what was one of

the lessons of the memorandum I have been examining, as to

the tendency to increase the numbers of cattle at a ratio above
that of population, it has also to be remembered that the apparent

37 per cent, increase there shown between 1873 ^"^^ ^893 may
have to be discounted by subsequent deductions in the United
States, in Australasia, and at the Cape in recent years; while

it is one of the problems I have never yet seen satisfactorily

answered, why in almost all old countries except our own the

diminution of the stock of sheep seems continuous and remark-
able. 1 mention these matters only, however, to suggest the

amount of uncertainty which must attend the efforts to arrive at

conclusions, made even by the highest authorities, on the only

data which exist. If there is, as I have shown, such uncertainty

still in the facts on which a conclusion could be built as to the

past history of the relative growth of live stock, or of cereal

culture and the supply of bread-stuffs, how much greater must
the difficulty be of those who attempt, on the basis of such data,

to forecast the course of events for a generation yet to come ! I

confess I am not intrepid enough to follow some of the conjec-

tures which have been hazarded on this point, and can only, in

concluding this address, recur once more to the prime qvalifica-

tions for safe statistical deductions with which I opened my
remarks—redoubled caution in handling calculations, a very

guarded use of data giving records of single and isolated years,

and a wise reservation in any prophetic pictures of the future of

agricultural production, whether of wheat or cotton, in meat or

in wool, of the contingency, always present, of altered condi-

tions which ever and anon in the past have altered and falsified

the predictions of earlier observers.

SECTION H.

ANTHROPOLOGY.

OPENING Address by Prof. John Rhys, M.A., LL.D.,
President of the Section.

Perhaps I ought to begin by apologising for my conspicuous
lack of qualification to fill this chair, but I prefer, with your
permission, to dismiss that as a subject far too large for me to

dispose of this morning. So I would beg to call your attention

back for a moment to the excellent address given to this Section

last year. It was full of practical suggestions which are well

worth recalling : one was as to the project of a Bureau of

Ethnology for Greater Britain, and the other turned on the de-

sirability of founding an Imperial Institution to represent our
vast Colonial Empire. I mention these in the hope that we
shall not leave the Government and others concerned any peace
till we have realised those modest dreams of enlightenment.

People's minds are just now so full of other things that the

interests of knowledge and science are in no little danger of

being overlooked. So it is all the more desirable that the

British Association, as our great parliament of science, should
take the necessary steps to prevent that happening, and to keep
steadily before the public the duties which a great and com-
posite nation like ours owes to the world and to humanity,
whether civilised or savage.

The difficulties of the position of the president of this Section
arise in a great measure from the vastness of the field of research

which the Science of Man covers. He is, therefore, constrained
to limit his attention as a rule to some small corner of it ; and,
with the audacity of ignorance, I have selected that which
might be labelled the early ethnology of the British Isles, but I

propose to approach it only along the precarious paths of folk-

lore and philology, because I know no other. Here, however,
comes a personal difficulty : at any rate I suppose I ought to

pretend that I feel it a difficulty, namely, that I have committed
myself to publicity on that subject already. But, as a matter of
fact, I can hardly bring myself to confess to any such feeling

;

and this leads me to mention in passing the change of altitude

which I have lived to notice in the case of students in my own
position. Most of us here present have known men who, when
they had once printed their views on their favourite subjects of
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study, stuck to those views through thick and thin, or at most
limited themselves to changing the place of a comma here and
there, or replacing an occasional and by a but. The work had
then been made perfect, and not a few great questions affecting

no inconsiderable portions of the universe had been for ever set

at rest. That was briefly the process of getting ready for pos-
terity, but one of its disadvantages was that those who adopted
it had to waste a good deal of time in the daily practice of the
art of fencing and winning verbal victories ; for, metaphorically
speaking,

" With many a whack and many a bang
Rough crab-tree and old iron rang."

Now all that, however amusing it may have been, has been
changed, and what now happens is somewhat as follows : AB
makes an experiment or propounds what he calls a working
hypothesis ; but no sooner has AB done so than CD, who is

engaged in the same sort of research, proceeds to improve on
AB. This, instead of impelling AB to rush after CD with all

kinds of epithets and insinuating that his character is deficient in

all the ordinary virtues of a man and a brother, only makes him
go to work again and see whether he cannot improve on CD's
results ; and most likely he succeeds, for one discovery leads to

another. So we have the spectacle not infrequently of a man
illustrating the truth of the poet's belief,

" That men may rise on stepping-stones

Of their dead selves to higher things."

It is a severe discipline in which all display of feeling is con-
sidered bad form. Of course every'now and then a spirit of the

ruder kmd discards the rules of the game and attracts attention

by having public fits of bad temper ; but generally speaking the

rivalry goes on quietly enough to the verge of monotony, with

the net result that the stock of knowledge is increased. I may
be told, however, that while this kind of exercise may be agree-

able to the ass who writes, it is not conducive to the safety of

the publisher's chickens. To that it might suffice to answer
that the publisher is usually one who is well able to take good
care of his chickens ; but, seriously, what it would probably
mean is, that in the matter of the more progressive branches of

study, smaller editions of the books dealing with them would
be required, but a more frequent issue of improved editions of

them or else new books altogether, a state of things to which
the publisher would probably find ways of adapting himself

without any loss of profits. And after all, the interests of

knowledge must be reckoned uppermost. It is needless to say

that I have in view only a class of books which literary men
proper do not admit to be literature at all ; and the book trade

has one of its mainstays, no doubt, in books of pure literature,

which are like the angels that neither marry nor give in marriage :

they go on for ever in their serene singleness of purpose to charm
and chasten the reader's mind.
My predecessor last year alluded to an Oxford don .said to have

given it as his conviction that anthropology rests on a founda-

tion of romance. I have no notion who that Oxford don may
have been, but I am well aware that Oxford dons have some-
times a knack of using very striking language. In this case,

however, I should be inclined to share to a certain extent that

Oxford don's regard for romance, holding as I do that the facts

of history are not the only facts deserving of careful study by the

anthropologist. There are also the facts of fiction, and to some
of those I would now call your attention. Recently, in putting

together a volume on Welsh folklore, I had to try to classify

and analyse in my mind the stories which have been current in

Wales about the fairies. Now the mass of folklore about the

fairies is of various origins. Thus with them have been more or

less inseparably confounded certain divinities or demons, es-

pecially various kinds of beings associated with the rivers and
lakes of the country. They are creations introduced from the

workshop of the imagination ; then there is the dead ancestor,

who also seems to have contributed his share to the sum total of

our notions about the Little People. In far the greater number
of cases, however, we seem to have something historical, or, at

any rate, something which may be contemplated as historical.

The key to the fairy idea is that there once was a real race of

people to whom all kinds of attributes, possible and impossible,

have been given in the course of uncounted centuries of story-

telling by races endowed with a lively imagination.

When the mortal midwife has been fetched to attend on a
fairy mother in a fairy palace, she is handed an ointment which
she is to apply to the fairy baby's eyes, at the same time that she is

gravely warned not to touch her own eyes with it. Of course
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any one could foresee that when she is engaged in applying the

ointment to the young fairy's eyes one of her own eyes is certain

to itch and have the benefit of the forbidden salve. When
this happens the midwife has two very different views of her

surroundings : with the untouched eye she sees that she is in

the finest and grandest place that she has ever beheld in her

life, and there she can see the lady on whom she is attend-

ing reposing on a bed, while with the anointed eye she per-

ceives how she is lying on a bundle of rushes and withered

ferns in a large cave, with big stones all round her and a

little fire in one corner, and she also discovers that the woman
is a girl who has once been her servant. Like the midwife

we have also to exercise a sort of double vision, if we are to

understand the fairies and see through the stories about them.

An instance will explain what I mean : Fairy women are

pretty generally represented as fascinating to the last degree

and gorgeously dressed : that is how they appear through the

glamour in which they move and have their being. On the

other hand, not only are some tribes of some fairies described

as ugly, but fairy children when left as changelings are invariably

pictured as repulsive urchins of a sallow complexion and mostly

deformed about the feet and legs : there we have the real fairy

with the glamour taken off and a certain amount of depre-

ciatory exaggeration put on.

Now when one approaches the fairy question in this kind of

way, one is forced, it strikes me, to conclude that the fairies, as

a veal people, consisted of a short, stumpy, swarthy race, which

made its habitations underground or otherwise cunningly con-

cealed. They were hunters, probably, and fishermen ; at any

rate, they were not tillers of the ground or eaters of bread. Most
likely they had some of the domestic animals and lived mainly

on milk and the produce of the chase, together with what they

got by stealing. They seem to have practised the art of spin-

ning, though they do not appear to have thought much of cloth-

ing. They had no tools or implements made of metals. They
appear to have had a language of their own, which would imply

a time when they understood no other, and explain why, when
they came to a town to do their marketing, they laid down the ex-

act money without uttering a syllable to anybody by way of bar-

gaining for their purchases. They counted by fives and only dealt

in the simplest of numbers. They were inordinately fond of music

and dancing. They had a marvellously quick sense of hearing,

and they were consummate thieves ; but theirthievery was not sys-

tematically resented, as their visits were held to bring luck and
prosperity. More powerful races generally feared them as for-

midable magicians who knew the future and could cause or cure

disease as they pleased. The fairies took pains to conceal their

names no less than their abodes, and when the name, happened

to be discovered by strangers the bearer of it usually lost heart

and considered himself beaten. Their family relations were of

the lowest order : they not only reckoned no fathers, but it may
be that, like certain Australian savages recently described by

Spencer and Gillen, they had no notion of paternity at all. The
stage of civilisation in which fatherhood is of little or no account

has left evidence of itself in Celtic literature, as I shall show
presently ; but the other and lower stage anterior to the idea of

fatherhood at all comes into sight only in certain bits of folklore,

both Welsh and Irish, to the effect that the fairies vvere all

women and girls. Where could such an idea have originated ?

Only, it seems to me, among a race once on a level with the

native Australians to whom I have alluded, and of whom Fraser

of "The Golden Bough" wrote as follows in last year's Fort-

nightly Review :
" Thus, in the opinion of these savages, every

conception is what we are wont to call an immaculate concep-

tion, being brought about by the entrance into the mother of a

spirit, apart from any contact with the other sex. Students of

folklore have long been familiar with the notions of this sort

occurring in the stories of the birth of miraculous personages,

but this is the first case on record of a tribe who believe in im-

maculate conception as the sole cause of the birth of every

human being who comes into the world. A people so ignorant

of the most elementary of natural processes may well rank at

the very bottom of the savage scale." Those are Dr. Fraser's

words, and for a people in that stage of ignorance to have

imagined a race all women seems logical and natural enough—
but for no other. The direct conclusion, however, to be drawn
from this argument is that some race—possibly more than

one—which has contributed to the folklore about our fairies,

has passed through the stage of ignorance just indicated

;

but as an indirect conclusion one would probably be .right in

supposing this race to have been no other than the very primi-
tive one which has been exaggerated into fairies. At the same
time it must be admitted that they could not have been singular

always in this respect among the nations of antiquity, as is amply
proved by the prevalence of legends about virgin mothers, to

whom Frazer alludes, not to mention certain wild stories

recorded by the naturalist Pliny concerning certain kinds of
animals.

Some help to make out the real history of the Little People
may be derived from the names given them, of which the most
common in Welsh is that of^ Tylwyth Teg or the Fair Family.
But the word cor, "a dwarf," feminine cones, is also applied to

them ; and in Breton we have the same word with such deriva-

tives as korrik, "a fairy, a wee little wizard or sorcerer," with
a feminine korrigan or korrigez, analogously meaning a she-fairy

or a diminutive witch. From cor we have in Welsh the name
of a people called the Coranians figuring in a story in the four-

teenth-century manuscript of the Red Book of Hergest. There
one learns that the Coranians were such consummate magicians
that they could hear every word that reached the wind, as it is

put ; so they could not be harmed. The name Coranians of those

fairies has suggested to Welsh writers a similar explanation of

the name of a real people of ancient Britain. I refer to the

Coritani, whom Ptolemy located, roughly speaking, between the

river Trent and Norfolk, assigning to them the two towns of

Lindu7ii, Lincoln, and Ratae, supposed to have been approxi-

mately where Leicester now stands. It looks as if all invaders

from the Continent had avoided the coast from Norfolk up to

the neighbourhood of the Humber, for the good reason, pro-

bably, that it afforded very few inviting landing-places. So here
presumably the ancient inhabitants may have survived in suffi-

cient numbers to have been called by their neighbours of a
different race "the dwarfs" or Coritani, as late as Ptolemy's
time in the second century. This harmonises with the fact

that the Coritani are not mentioned as doing anythmg,
all political initiative having long before probably passed out of

their hands into those of a more powerful race. How far inland

the Coritanian territory extended it is impossible to say, but it

may have embraced the northern half of Northamptonshire,
where we have a place-name Pytchley, from an earlier Pihtes lea,

meaning " The Pict's Meadow," or else the meadow of a man
called Pict. At all events, their country took in the fen district

containing Croyland, where towards the end of the seventh

century St. Guthlac set up his cell on the side of an ancient

tumulus and was disturbed by demons that talked Welsh. Cer-

tain portions of the Coritanian country offered, as one may infer,

special advantages as a home lor retreating nationalities : witness

as late as the eleventh century the resistance offered by Hereward
in the Isle of Ely to the Norman Conqueror and his mail-clad

warriors.

In reasoning backwards from the stories about the Little

People to a race in some respects on a level with Australian

savages, we come probably in contact with one of the very,

earliest populations of these islands. It is needless to say that

we have no data to ascertain how long that occupation may have

been uncontested, if at all, or what progress was made in the

course of it : perhaps archeology will be able some day to help

us to form a guess on that subject. But the question more
immediately pressing for answer is, with what race outside

Wales may one compare or identify the ancient stock caricatured

in Welsh fairy tales ? Now, in the lowlands of Scotland, to-

gether with the Orkneys and Shetlands, the place of our fairies

is to some extent taken by the Picts, or, as they are there col-

loquially called, " the Pechts." My information about the

Pechts comes mostly from recent writings on the subject by

Mr. David MacRitchie, of Edinburgh, from whom one

learns, among other things, that certain underground—or

partially underground—habitations in Scotland are ascribed

to the Pechts. Now pne kind of these Pechts' dwellings

appear from the outside like hillocks covered with grass, so

as presumably not to attract attention, an object which was

further helped by making the entrance very low and as in-

conspicuous as possible. But one of the most remarkable

things about them is the fact that the cells or apartments into

which they are divided are frequently so small that their inmates

must have been of very short stature, like our Welsh fairies.

Thus, though there appears to be no reason for regarding the

northern Picts themselves as an undersized race, there must

have been a people of that description in their country.

Perhaps archaeologists may succeed in classifying the ancient
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habitations in the North accordingly : that is, to tell us what
class of them were built by the Picts and what by the Little

People whom they may be supposed to have found in possession

of that part of our island.

In Ireland and the Highlands of Scotland the fairies derive

their more usual appellations from a word sid or sith (genitive

side), which may perhaps be akin to the Latin sedes and have
meant a seat, settlement, or station ; but whatever its exact

meaning may have originally been, it came to be applied to the

hillocks or mounds within which the Little People made their

abodes. Thus, Aes Side as a name for the fairies may be
rendered by mound people or hill folk

;
/^r side, "a fairy

man," by a mound man ; and ben side by a mound woman or

banshee. They were also called simply side, which would seem
to be an adjective closely allied with the simpler word sid.

But to leave this question of their names, let me direct your
attention for a moment to one of the most famous kings of the

fairies of ancient Erin : he was called Mider of Bri Leith, said

to be a hill to the west of Ardagh, in the present county of

Longford. There he had his mound, to which he once carried

the queen of Eochaid Airem, monarch of Ireland. It was some
time before Eochaid could discover what had become of her, and
he ordered Dalan, his druid, to find it out. So the druid, when
he had been unsuccessful for a whole year, prepared four twigs

of yew and wrote on them in Ogam. Then it was revealed

to him through his keys of seership and through the Ogam
writing that the queen was in the sid oi Bri Leith, having been
taken thither by Mider. By this we are probably to

understand that the druid sent forth the Ogam twigs as

letters of inquiry to other druids in different parts of

the country; but in any case he was at last successful,

and his king hurried at the head of an army to Bri Leith,

where they began in earnest to demolish Mider's mound. At
this Mider was so frightened that he sent the queen forth to

her husband, who then departed, leaving the fairies to digest

their wrath ; for it is characteristic of them that they did not

fight, but bided their time for revenge, which in this case did

not come till long after Eochaid's day. Now, with regard to

the fairy king, one is not told, so far as I can call to mind, that

he was a dwarf, but the dwarfs were not far off; for we read of

an Irish satirist who is represented as notorious for his stingi-

ness ; and to emphasise the description of his inhospitable

habits he is said to have taken from Mider three of his dwarfs

and stationed them around his own house, in order that their

truculent looks and rude words might repel any of the men of

Erin who might come seeking hospitality or bring any incon-

venient request. The word used for dwarf in this story is corr,

which is usually the Irish for a crane or heron, but here, and in

some other instances, which I cannot now discuss, it seems to

have been identical with the Brythonic cor, "a dwarf." It is

remarkable, moreover, that the rdle assigned to the three Irish

corrs is much the same as that of the dwarf of Edeyrn son of

Nudd in the Welsh story of Geraint and Enid and Chretien de
Troies' Erec, which characterises him as fel et de pui'eire,
" treacherous and of an evil kind."
By way of summarising these notes on the Mound Folk I

may say that I should regard them as isolated and wretched
remnants of a widely spread race possessing no political signifi-

cance whatever. But, with the inconsistency characteristic of

everything connected with the fairies, one has on the other hand
to admit that this strange people seems to have exercised on the

Celts—probably on other races as well—a sort of permanent
spell of mysteriousness and awe stretching to the verge of adora-

tion. In fact, Irish literature states that the pagan tribes of Erin

before the advent of St. Patrick used to worship the side or the

fairies. Lastly, the Celt's faculty of exaggeration, combined
with his incapacity to comprehend the weird and uncanny popu-
lation of the mounds and caves of his country, has enabled him,
in one way or another, to bequeath to the great literatures of

Western Europe a motley train of dwarfs and little people, a

whole world of wizardry, and a vast wealth of utopianism. If

you subtracted from English literature, for example, all that has
been contributed to its vast stores from this native source, you
would find that you left a wide and unwelcome void.

But the question must present itself sooner or later, with
what race outside these islands we are to compare or identify

our mound-dwellers. I am not prepared to answer, and I am
disposed to ask our archaeologists what they think. In the
meantime, however, I may say that there are several consider-
tions which impel me to think of the Lapps of the North of
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Europe. But even supposing an identity of origin were to be

made out as between our ancient mound inhabiting race and the

Lapps, it would remain still doubtful whether we could expect

any linguistic help from Lapland. The Lapps now speak a

language belonging to the Ugro-Finnic family, but the Lapps
are not of the same race as the Finns ; so it is possible that the

Lapps have adopted a Finnish language, and that they did so

too late for their present language to help us with regard to any
of our linguistic difficulties. One of these lies in our topo-

graphy : take for instance only the names of our rivers and
brooks—there is probably no county in the kingdom that would
be too small to supply a dozen or two which would baflle the

cleverest Aryan etymologist you could invite to explain them ;

and why? Because they belong in all probability to a non-

Celtic, non-Aryan language of some race that had early posses-

sion of our islands. Nevertheless it is very desirable that we
should have full lists of such names, so as to see which of them
recur and where. It is a subject deserving the attention of this

Section of the British Association.

We have now loitered long enough in the gloom of the Pecht's

house : let us leave the glamour of the fairies and see whether
any other race has had a fooling in these islands before the

coming of the Celts. In August 1891 Prof. Sayce and I spent

some fine days together in Kerry and other parts of the south-

west of Ireland, lie was then full of his visits to North Africa,

and he used to assure me that, if a number of Berbers from the

mountains had been transferred to a village in Kerry and clad as

Irishmen, he would not have be'en able to tell them by
their looks from native Irishmen such as we saw in the

course of our excursions. This seemed to me at the time

all the more remarkable, as his reference was to fairly

tall blue-eyed persons whose hair was rather brown than black.

Evidence to the same effect might now be cited in detail from

Prof. Haddon and his friends' researches among the population

of the Arran Islands in Galway Bay. Such is one side of the

question which I have in my mind : the other side consists in

the fact that the Celtic languages of to-day have been subjected

to some disturbing influence which has made their syntax unlike

that of the other Aryan languages. I have long been of opinion

that the racial interpretation of that fact must be, that the Celts

of our islands have assimilated another race using a language of

its own in which the syntactical peculiarities of Neo-Celtic had
their origin ; in fact that some such race clothed its idioms in

the vocabulary which it acquired from the Celts. The problem

then was to correlate those two facts. I am happy to say

this has now been undertaken from the language point of view

by Prof. J. Morris Jones, of the University College of North
Wales. The results have been made public in a book on The
Welsh People recently published by Mr. T. Fisher Unwin. The
paper is entitled " Pre-Celtic Syntax in Insular Celtic," and the

languages which have therein been compared with Celtic are

old Egyptian and certain dialects of Berber. It is all so recent

that we have as yet had no criticism, but the reasoning is so

sound and the arguments are of so cumulative a nature, that I

see no reason to anticipate that the professor's conclusions are in

any danger of being overthrown.

At the close of his linguistic argument, Prof. Morris Jones

quotes a French authority to the efil'ect, that, when a Berber

king dies or is deposed, which seems to happen often enough,

it is not his son that is called to succeed him, but the

son of his sister, as appears to have been usual among certain

ancient peoples of this country ; but of this more anon. In

the next place my attention has been called by Prof. Sayce

to the fact that ancient Egyptian monuments represent the

Libyans of North Africa with their bodies tattooed, and that

even now some of the Touaregs and Kabyles do the same.

These indications help one to group the ancient peoples

of the British Isles to whose influence we are to ascribe the

non-Aryan features of Neo-Celtic. In the first place one cannot

avoid fixing on the Picts, who were so called because of their

habit of tattooing themselves. For as to that fact there seems

to be no room for doubt, and Mr. Nicholson justly lays stress on the

testimony of the Greek historian Herodian, who lived in the

time of Severus, and wrote about the latter's expedition against

the natives of North Britain a long time before the term Picti

appears in literature. For Herodian, after saying that they

went naked, writes about them to the following effect : "They
puncture their bodies with coloured designs and the figures of

animals of all kinds, and it is for this reason that they do not

wear clothes, lest one should not behold the designs on their
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bodies." This is borne out by the names by which the Picts

have been known to the Celts. That of Pict is itself in point,

and I shall have something to say of it presently ; but one of

the other names was in Irish Criiithni, and in Welsh we have

its etymological equivalent in Prydyn or Prydain. These
vocables are derived respectively from Irish crtith and Welsh
pryd, both meaning shape, form, or figure, and it is an old sur-

mise that the Picts were called by those names in allusion to the

animal forms pricked on their bodies, as described by Herodian

and others. The earlier attested of these two names may be

said to be Prydyn or Prydain, which the Welsh used to give in

the Middle Ages to the Picts and the Pictland of the North,

while the term Yiiys Prydain was retained for Great Britain as

a whole, the literal meaning being the island of the Picts : that

is the only name which we have in Welsh to this day for this

island in which we live— F/yj Prydai7t, "The Picts' Island."

Now one detects this word Prydain in effect in the Greek
UpiraviKai NTjffot given collectively to all the British Isles by
ancient authors, such as Strabo and Diodorus. It may be
rendered the Pictish Islands, but a confusion seems to have set

in pretty early with the name of the Brittanni or Brittones of

South Britain: that is to say, Pretanic, "Pictish," became
Briitannic or British ; and this is, historically speaking, the

only known justification we have for including Ireland in the

comprehensive term " The Brhish Isles," to which Irishmen are

sometimes found jocularly to object.

In the next place may be mentioned the Tuatha De Danann
of Irish legend, which cannot always be distinguished from the

Picts, as pointed out by Mr. MacRitchie. The tradition about

them is, that, when they were overcome in war ]>y Mil and his

Milesians, they gave up their life above ground and retired into

the hills like the fairies, a story of little more value than that of

"the extermination of the Picts of Scotland. In both countries

'doubtless the more ancient race survived to amalgamate with

its conquerors. There was probably some amount of amal-

gamation between the Tuatha De Danann or the Picts and the

Ivittle Moundsmen ; but it is necessary not to confound them.

The Tuatha shared with the Little People a great reputation for

magic ; but they differed from them in not being dwarfs or of a

swarthy complexion : they are usually represented as fair. In

the case of Mider, the fairy king, who comes in some respects

near the description of the heroes of the Tuatha De Danann,
it is to be noticed that he was a wizard, not a warrior.

Guided by the kinship of the name of the Tuatha De Danann
on the Irish side of the sea and that of the Sons of Don on this

side, I may mention that the Mabinogion place the Sons of Don
•on the seaboard of North Wales, in what is now Carnarvon-

shire : more precisely their country was the region extending

from the mountains to the sea, especially opposite Anglesey.

In that district we have at least three great prehistoric sites all

on the coast. First conies the great stronghold on the top of

Penmaen Mawr ; then we have the huge mound of Dinas Dinlle,

eaten into at present by the sea south-west of the western mouth
of the Menai Straits ; and lastly there is the extensive fortifi-

cation of Tre'r Ceiri, overlooking Dinlle from the heights of the

J2ifl. By its position Tre'r Ceiri belonged to the Sons of Don,

:and by its name it seems to me to belong to the Picts, which

comes, I believe, to the same thing. Now the name Tre'r

rCeiri means the town of the Keiri, and the Welsh word ceiri is

used in the district in the sense of persons who are boastful and

ostentatious, especially in the matter of personal appearance and

fine clothing. It is sometimes also confounded with cewri,
" giants," but in the name of Tre'r Ceiri it doubtless wafts down

• to us an echo of the personal conceit of the ancient Picts with

their skins tattooed with decorative pictures ; and Welsh
literature supplies a parallel to the name Ynys Prydain in one

Avhich is found written Ynys y Ceuri, both of which may be

rendered equally the Island of the Picts, but more literallv

perhaps some such rendering as " the Island of the Fine Men "

would more nearly hit the mark. Lastly, with the Sons of Don
•must probably be classed the other peoples of the Mabinogion,

such as the families of Llyr, and of Pwyll and Rhiannon.

AU these peoples of Britain and Ireland were warlike, and

such, so far as one can see, that the Celts, who arrived later,

might with them form one mixed people witti a mixed language,

such as Prof. Morris Jones has been helping to account for.

Let us now see for a moment how what we read of the state of

society implied in the stories of the Mabinogion will fit into the

hypothesis which I have roughly sketched. In the first place I

ought to explain that the four stories of the Mabinogion were
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probably put together originally in the Goidelic of Wales before
they assumed a Brythonic dress. Further, in the form in which
we know them, they have passed through the hands of a scribe

or editor living in Norman times, who does not always appear to

have understood the text on which he was operating. To make
out, therefore, what the original Mabinogion meant, one has
every now and then to read, so to say, between the lines. Let
us take, for example, the Mabinogi called after Branwen,
daughter of Llyr. She was sister to Bran, king of Prydain, and
to Manawyddan, his brother : she was given to wife to an Irish

king named Matholwch, by whom she had a son called Gwern.
In Ireland, however, she was, after a time, disgraced, and served
in somewhat the same way as the heroine of the Gudrun Lay

;

but in the course of the time which she spent in a menial position,

doing the baking for the Court and having a box on the ear ad-

ministered to her daily by the cook, she succeeded in rearing a
starling, which one day carried a letter from her to her brother

Bran at Harlech. When the latter realised his sister's position

of disgrace, he headed an expedition to Ireland, whereupon
Matholwch tried to appease him by making a concession, which
was, that he should deliver his kingdom to the boy Gwern.
Now the question is, wherein did the concession consist? The
redactor of the Mabinogi could, seemingly, not have answered,
and he has not made it the easier for any one else to answer.

In the first place, instead of calling Gwern son of Matholwch,
he should have called him Gwern son of Branwen, after his

mother, for the key to the sense is, that, in a society which
reckoned birth alone, Gwern was not recognised as any relation

to Matholwch at all, whereas, being Bran's sister's son, he was
Bran's rightful heir. No such idea, however, was present to

the mind of a twelfth-century scribe, nor could it be expected.

Let us now turn to Irish literature, to wit, to one of the

many stories associated with the hero Cuchulainn. He belonged

to Ulster, and whatever other race may have been in that part

of Ireland, there were Picts thei-e : as a matter of fact Pictish

communities survived there in historical times. Now Cuchulainn
was not wholly of the same race as the Ultonians around him,

for he and his father are sharply marked off from all the other

Ultonians as being free from the periodical illness connected

with what has been called the couvade, to which the other adult

braves of Ulster succumbed for a time every year. Then I may
mention that Cuchulainn's baby name was Setanta Beg, or the

Little Setantian, which points to the country whence
Cuchulainn's father had probably come, namely, the district

where Ptolemy mentions a harbour of the Setantii, somewhere
near the mouth of the Ribble, in what is now Lancashire. At
the time alluded to in the story I have in view, Cuchulainn was
young and single, but he was even then a great warrior, and
the ladies of Ulster readily fell in love with him ; so one day

the nobles of that country met to consider what was to be done,

and they agreed that Ci'ichulainn would cause them less anxiety

if they could find him a woman who should be his fitting and
special consort. At the same time alSo that they feared

he might die young, they were desirous that he should leave

an heir, " for," as it is put in the story, " they knew that it was

from himself his rebirth would be." The Ulster men had a

belief, you see, in the return of the heroes of previous

generations to be born again ; but we have here two social

systems face to face. According to the one to which Ci'ichulainn

as a Celt belonged, it was requisite that he should be the father

of recognised offspring, for it was only in the person of one of

them or of their descendants that he was to be expected back.

The story reads as if the distinction was exceptional, and as if

the prevailing state of things was wives more or less in common,
with descent reckoned according to birth alone. Such is my
impression of the picture of the society forming the background

to the state of things implied by the conversation attributed to

the noblemen of Ulster. Here again one experiences difficulties

arising from the fact that the stories have been built up in the

form in which we know them by men who worked from the

Christian point of view, and it is only by scrutinising, as it were,

the chinks and cracks that you can faintly realise what the

original structure was like.

Among other aids to that end one must reckon the instances

of men being designated with the help of the mother's name, not

the father's : witness that of the King of Ulster in Cuchulainn's

time, namely Conchobar mac Nessa, that is to say, Conor, son

of a mother named Nessa ; similarly in Wales with (iwydion son

of Don. Further we have the help of a considerable number of

ancient inscriptions, roughly guessed to date from the fifth or
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sixth century of our era, and commemorating persons traced back
to a family group of the kind, perhaps, which Caesar mentions
in the fourteenth chapter of his fifth book. Within these groups
the wives were, according to him, in common (inttrse communes).
Take for instance an inscription from the barony of Corcaguiny
in Kerry, which commemorates a man described as " Mac Erce,

son oi Mtico Dowinias,'^ where Miico Dowinias means the clan

or family group of Dcrwinis or Dubin (genitive Duibne), the
ancestress after whom Corcaguiny is called Corco-Duibne in

Medieval Irish. We have the same formula in the rest of

Ireland including Ulster, where as yet very few Ogams have
been found at all. It occurs in South Wales and in Devonshire,
and also on the Ogam stone found at Silchester, in Hampshire.
The same kind of family group is evidenced also by an inscrip-

tion at St. Ninian's, in Galloway ; and, to go further back

—

perhaps a good deal further back—we come to the bronze dis-

covered not long ago at Colchester, and dating from the time of
the Emperor Alexander Severus, who reigned from 222 to 235.
This is a votive tablet to a god Mars Medocius, by a Caledonian
Pict, who gives his name as Lossio Veda, and describes himself
further as Nepos Vepogeni Caledo. He alludes to no father, and
Nepos Vepogeni is probably to be rendered Vepogen's sister's

son. At any rate, the Irish word corresponding etymologically
to the Latin nepos has that sense in Irish ; but so far as I know
it has never been found meaning a nephew in the sense of

brother's son. That may serve as an instance how the ideas of

another race penetrated the fabric of Goidelic society ; for here
we must suppose a time to have come when there was no longer
any occasion for a word meaning a brother's son, which, of
course, there never was in the non-Celtic society which ranked
men and women according to their birth alone.

Now this Caledonian Pict was not exceptional among his

kinsmen, for they succeeded in observing a good deal of silence

concerning their fathers down, one may say, to the twelfth

century. It is historical that the king of the northern Picts was
not wont to be the son of the previous king. In short, when
the Celtic elements there proved strong enough to ensure that

the son of a previous king should succeed, a split usually took
place, the purer Picts being led by the rule of succession by
birth to set up a king of their own. The fact is not so well
known that the same succession prevailed also some time or
other at Tara in Ireland : it is proved by a singular piece of in-

iirect evidence, the existence of a tragic story to explain why
• no son should ever take the lordship of Tara after his father,

unless some one came between them." The last clause is due,
I should say, to somebody who could not understand such a
prohibition based on the ancient rule that a man's heir was his

sister's son. This would be, according to Irish legend, in the
lifetime of Conor mac Nessa.

It is curious to notice how the stories about the Pictish
menage seemed to have puzzled ancient authors. I will

only cite one instance, to wit, from Golding's sixteenth
century translation of what then passed as the production of
Solinus, and what may now pass, even according to Mommsen,
as quite old enough for my present purpose. It runs thus :

"From the Promontorie of Calydon to the Hand Thule is

two dayes sayling. Next come 'the lies called Hebudes, five

in number, the inhabiters whereof know not what come
meaneth, but Hue onely by fishe and milke. They are all

vnder the gouernment of one King. For as manie of them
as bee, they are seuered but with a narrowe groope one from
another. The King hath nothing of hys own, but taketh of
euery mans. He is bounde to equitie by certaine lawes : and
least he may start from right through couetousnesse, he
learneth Justice by pouertie, as who may have nothing proper
or peculiar to himselfe, but is found at the charges of the
Realme. Hee is not suffered to haue anie woman to himselfe,
but whomsoeuer he hath minde vnto, he borroweth her for a
tyme, and so others by turnes. Wherby it commeth to passe
that he hath neither desire nor hope of issue."
The man who wrote in that way presumably failed to see that

the king was not subject to any special hardship as compared
with the other men in his kingdom, where none of them had
any offspring that he could individually call his own. This, be
it noticed, refers to the Hebrides, not, as sometimes happens,
to the more distant island of Thule, where there was also a king,
as any reader of " Faust " will tell us.

We now come to the Celts, and begin with Pliny's version of
Cresar's words about the division of Gaul into three parts, as
follows : Gallia omnis Comata uno nomine appellata in tria
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populorum genera dividitur, amnibus viaxime distineta. A
Scalde ad Sequattam Belgica, ab eo ad Garunnam Celtica

eademque Lugdtinensis, itide ad Pyrenaei montis excursum
AquHanica, Aremorica antea dicta. We may for the present

dismiss the third or Aquitanic Gaul from our minds ; but Belgic

and Celtican Gaul may be taken as representing the two sets of

Celts of our own islands. The Belgic Gauls began last to come
to this country, and their advent seems to fall between
the visits of Pytheas and Julius Caesar : that is, roughly

speaking, between the middle of the fourth century and that of

the first century B.c In this country they came to be known
collectively as Brittanni or Brittones, the linguistic ancestors of the

people who^have spoken Brythonic or the Lingua Brittannica, such
as the Welsh, the Cornish, and the Strathclyde Britons. As to

the others Celts, it is much harder to say when or whence
exactly they came—I mean the linguistic ancestors of the Gaels
of Ireland, Man, and Scotland, that is to say, the peoples

whose language has been Goidelic. Some scholars are of

opinion that there were no Goidelic-speaking peoples in Britain

till some such came here from Ireland on sundry occasions,

beginning with the second century, in the time of the Roman
occupation, but how the Goidels would be supposed by them to

have reached Ireland I do not exactly know. My own notion

is that the bulk of them reached that country by way of Britain,

and that they arrived in Britain, like the Belgic Gauls later,

from the nearest parts of the Continent ; for this would be
previous to the appearance of the Belgic Gauls on the western

sea-board of Europe : that is to . say, at a time when Celtica

extended not merely to the Seine, but to the Scheldt or to the

Rhine, if not further. Then as to the time of the coming of the

ancestors of the Goidels, it has been supposed coincident with a
period of great movements among the Celts of the Continent, in

particular the movements which resulted, among other things,

in some of them reaching the shores of the Mediterranean and
penetrating to the heart of the Iberic peninsula. Perhaps one
would not be far wrong in fixing on the seventh and the sixth

centuries B.C. as covering the time of the coming of the earlier

Celts to our shores.

In Britain I should suppose these earlier hordes of Celts to

have conquered most of the southern half of the island ; and
the Brythonic Celts, when they arrived, may have overrun much
the same area, pushing the Goidelic Celts more and more
towards the west. Under that pressure it is natural to suppose
that some of the latter made their way to Ireland, but it is

quite possible that their emigration thither had begun before.

Some time or other previous to the Roman occupation the

Brythonic people of the Ordovices seem to have penetrated to

the sea between the rivers Dovey and Mawddach, displacing

probably some Goidels who may have gone to the opposite

coasts of Ireland ; but more traces in Irish story appear of in-

vasions on the part of the Dumnonii, who possessed the coast

between Galloway and Argyle. These were so situated as to--

be able to assail Ireland both in front and from behind, and
this is countenanced to some extent by Irish topography, not

to mention the long legends extant as to great wars in the west
of Ireland between the Tuatha De Danann and invaders in-

cluding the Fir Domnann. I suspect also that it was the

country of these northern Dumnonians which was origin-

ally meant by Lochlinn, a name interpreted later to mean
Norway.
Such are some of the faint traces of the Goidelic invasions of

Ireland from Britain, but it is possible—perhaps probable—that

Ireland received settlers on its southern coast from the north-

west of Gaul at a comparatively late period, at the time, let us

say, when Ci«sar was engaged in crushing the Veneti and the

Aremoric League. This has been suggested to me by the

name of the Usdiae, which probably survives in the first

syllable of Ossory, denoting a tract of country now, roughly

speaking, covered by the county of Kilkenny, but which
may have been considerably larger before the Deisi took
possession of the baronies of the two Decies and other districts

now constituting the county of Waterford, not to mention
possible encroachments on the part of Munster on a boundary
which seems to have been sometimes contested. Now the

Continental name which invites comparison with that of

the Usdire is that of the Ostisei, who in the time of Pytheas

appear to have occupied the north-western end of what
afterwards came to be called Brittany ; they were also called

Ostiones, and more commonly Osismi. I see no reason

to suppose that the ships of the Aremoric League could not
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make the voyage from Brittany to the principal landing-

places on the south of Ireland from the Harbour of Cork to

that of Waterford, and I gather from Ptolemy's Geography
that Ireland was relatively better known on the Continent
than Britain, although the latter had been in a manner con-

nected with the Roman world. This I should explain some-
what as follows :—Caesar, who knew very little about the west
of Britain and probably less about Ireland, says that in his time
the great druidic centre of Gaul was in the country of the

Camutes, somewhere, let us say, near the site of the present

town of Chartres, that druidism had been introduced from
Britain to Gaul, and that those who wished to understand it

had to go to Britain to study. The authors of antiquity tell us

otherwise nothing about druids in Britain except that Tacitus
speaks of such in the Annals, in his well-known passage as to

Suetonius Paulinus landing with his troops in Anglesey and the

scene of slaughter which ensued. Indeed, one may go further

and say that there is no proof that any Belgic or Brythonic
people ever had druids : they belonged to the Celtican Gauls
and the Goidelicising Celts of Britain and Ireland, who had
probably accepted the institution from the Pictish race. At any
rate it is significant that the Life of St. Columba introduces the

reader to a genuine druid at the court of the Pictish king, near

Inverness, where, as well as on Loch Ness, the saint had to

contend with him. In any case, it is highly probable that

druidism was no less a living institution in Ireland than in the

Goidelic and Pictish parts of Britain. Presumably it was more
so, and it may be conjectured that Gaulish students of druidism
visited Ireland no less than Britain ; also, vice versd, that Irish

druids paid visits to the Celtican part of Gaul where druidism
flourished on the Continent, and in a word that there was
regular intercourse between Gaul and the south of Ireland. If

the druids of Ireland, who, among other rdles, played that of

schoolmasters and teachers in that country, travelled to Celtica,

they must have spread on the Continent some information about
their native country, while generations of them cannot have
returned to Ireland, with their druidic pupils, without bringing

with them some of the arts of civilised life as understood in

Gaul : among these one must rank very decidedly the art of

writing, which the druids practised. Now you know the usual

account given of the ordinary Latin for Ireland, namely Hiherma
—to wit, that it was suggested by such native names as that of

one of the greatest tribes of that country, namely the 'lot^epi/oj

or Iverni, and that it had its v ousted when Latin began about
the fourth century to write b for v, and that an h was then pre-

fixed to make the word Hibernia properly connote the wintry

climate which our sister island had always been supposed to

enjoy. But now comes the question, where did Pomponius
Mela, who flourished about the middle of the first century, get

his hiverna, which Juvenal also used ? Doubtless from a druid

like Dalan, or some other educated native of Ireland, for what
the editors print as luverna, luuerna, or /uverna would appear
in ancient manuscripts as ivverna or hiuerna, in which the first

two syllables are spelt correctly with v v according to a system
of spelling well known in Ogmic writing centuries later. But a

particular system of spelling seems to me to imply writing, and
thus one is encouraged to think that the Ogam alphabet may
have been invented no later than the first century in the inter-

course I have conjectured to have been going on between the

north-west of Gaul and the south of Ireland, where the

majority of Ogam inscriptions are now found. But what has
archaeology to say on the question of such intercourse ?

After this digression I come back to the two main streams

of Celtic immigration from the same parts of the Continent in

two different periods of time. The later of these introduced

the Lingua Brittannica, which was practically a dialect of old

Gaulish ; but the affinities of the other Celtic language of these

islands, the Goidelic, are not so easy to determine. I have
long thought that I can identify traces of it on the Continent,

and that its principal home was in the region which Pliny called

Celtica, between the Garonne and the Seine. I ventured

accordingly to call it Celtican, as the simpler word Celtic

had already been wedded to a wider signification. Since

then the existence of that language has been placed

beyond doubt by the discovery of fragments of a calendar

engraved on bronze tablets. This find was made about the

end of 1897 at a place called Coligny, in the department
of the Ain, and the pieces are now in the museum at

Lyons. It is difficult to say for certain whether Coligny is

within the territory once occupied by the Sequani, or else by the
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Ambarri, a people subject to the ^>dui, who were rivals of the
Sequani and Arverni. The name of the Sequani would seem to

have belonged to the Celtican language, and Mr. Nicholson, in

his interpretatiqi^ of the Calendar, has ventured in this instance
to call it Sequanian. But two inscriptions in what appears to

be the same language have come to light also at a place called

Rom, in the Deux Sevres and on the Roman road from Poitiers

to Saintes. This Celtican language is to be carefully distin-

guished from Gaulish, but it is not exactly what I expected it to

be : it is better. For several of the phonetic changes character-

istic of Goidelic had not taken place in Celtican. Among other

things it preserves intact the Aryan consonant p, which has
since mostly disappeared in Goidelic, as it had even then in

Gaulish. This greater conservatism of Celtican enables one to

refer to it the national appellation of the people of the region in

question, namely, that of the Pictones, from which it is impos-

sible to sever the name of the Picts of Britain and Ireland, who
are found also called Pictones and Pictanei. Here I may
mention that Mr. Nicholson calls attention to instances of

tattooing on some of the faces on ancient coins belonging to

Poitou and other parts of western France. In the light of the

names here in question one sees that pictos was a Celtican word
of the same etymology, and approximately, doubtless, of the

same meaning, as the Latin word pictus, that the Cellicans

had applied it at an early date to the Picts on account of their

habit of tattooing themselves, and that the Picts had accepted it

(with its derivative Pictones) so generally that by the time when
the Norsemen arrived in the North of Scotland, it was the name
which the natives gave them as that by which they called them-

selves. That is practically proved by the Norsemen calling

Caithness and Sutherland Petta-land or the Land of the Picts,

and the sea washing its northern shore Pettalandsfiorth, which
survives modified into Pentland Firth.

Another Celtican word of great interest here has by a mere
chance come down in a high German manuscript written before

the year 814 ; it is Chortonicuvi, and occurs among a number
of geographical names, several of which refer to Gaul, so that

Chortonicum may very well have meant the country of the

Pictones. At all events, the great German philologist. Pott, at

once saw that it was to be explained by reference to the word
Cruithne, " a Pict," with which it decidedly goes as distinguished

from its Brythonic equivalent Prydyn (or the older Priten), with

an initial/. The Celtican form originally meant was some such

vocable as Qurtonico-n, with the qu which was usual in Celtican

and early Goidelic, where it formed, in fact, one of the most

conspicuous distinctions between those languages and Brythonic

or Gaulish, in which qu had been changed into/.

My remarks have again run into tiresome details, but it is only

by attending to such small points that one can hope to force

language to yield us any information in the matter of ethnology.

It may perhaps help in some measure if I sum up what I have

been trying to say, thus :

The first race we have found in possession of the British Isles

consisted of a small, swarthy population of mound-dwellers, of

an unwarlike disposition, much given to magic and wizardry,

and perhaps of Lappish affinities / its attributes have been

exaggerated or otherwise distorted in the evolution of the Little

People of our fairy tales.

The next race consisted of a taller, blonder people, with blue

eyes, who tattooed themselves and fought battles. These tattooed

or Pictish people made the Mound Folk their slaves, and in the

long run their language may be supposed to have been modified

by habits of speech introduced by those slaves of theirs from

their own idiom. The affinities of these Picts may be called

Libyan, and possibly Iberian.

Next came the Celts in two great waves of immigration, the

first of which may have arrived as early as the seventh century

before our era, and consisted of the real ancestors of some or

our Goidels of the Milesian stock, and the linguistic ancestors

of all the peoples who have spoken Goidelic. That language

may be defined as Celtican so modified by the idioms of the

population which the earlier Celts found in possession that its

syntax is no longer Aryan.

Then, about the third century B.C., came from Belgica the

linguistic ancestors of the peoples who have spoken Brythonic ;

but, in the majority of cases connected with modern Brythonic,

they are to be regarded as Goidels who adopted Brythonic

speech, and in so doing brought into that language their

Goidelic idioms, with the result that the syntax of insular

Brythonic is no less non-Aryan than that of Goidelic, as may
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be readily seen by comparing the thoroughly Aryan structure

of the few sentences of old Gaulish extant.

Those are the races which have been inferred in the course

of these remarks, in which I have proceeded "on the principle

that each successive band of conquerors has its race, language

and institutions eventually more or less modified by contact

with the race, language and institutions of those whom it has

conquered. That looks simple enough when stated so, but the

result which we get proves complicate. In any case I have
endeavoured in this address to substitute for the rabble of

divinities and demons, of fairies and phantoms that disport

themselves at large in Celtic legend, a possible series of

peoples, to each of which should be ascribed its own proper

attrilnites. But that will only be possible if we can enlist the

kindly aid of the Muse of Archeology.

THE INTERNATTONAL CONGRESS OF
APPLIED CHEMISTRY.

'T^HIS congress was held in Paris during the last week of July,
^ M. Moissan being president and M. Berthelot honorary

president. The work was divided into ten sections : analytical

chemistry, chemical industry of inorganic products, metallurgy,

mines and explosives, chemical industry of organic products, the

sugar industry, chemical industry of fermentation, agricultural

chemistry, hygiene, food analysis, medical and pharmaceutical

chemistry, photography, and electrochemistry. More than

two hundred papers were read and discussed, and numerous
resolutions were passed, of which the following were the most
important. In view of the great inconvenience caused com-
cnercially by uncertainty in the atomic weights used by ana-

lytical chemists, the congress, hoping that the adoption of the

atomic weight of oxygen as a base (0=i6) would lead to a

:;reater certainty and to a simplification in the calculation of

• uomic weights, agreed to work in unison with the International

Commission on atomic weights. It further suggested the

necessity for an International Commission for fixing methods
and coefficients of analysis in commercial work. Committees
were also appointed to deal with questions of indicators in volu-

metric work, analysis of manures, potash estimation, and the use

if sulphurous acid in wine. In the second section the chief

questions dealt with were the determination of high tempera-
tures, construction of glass and porcelain furnaces, the manu-
facture of sulphuric acid, and of barium and hydrogen peroxides.

In the section of metallurgy, mines and explosives, papers

were read dealing with the sampling of minerals, the constitu-

tion of iron and steel, the use of the microscope in the study of

metals, utilisation of waste heat, and the estimation of sulphur,

manganese and phosphorus in metals. In the section dealing

with the industry of organic substances the most important dis-

cussion was on the use of alcohol for other than drinking pur-

poses, and a series of resolutions was passed stating that in the

opinion of the congress no duty should be charged upon alcohol

used in the preparation of pharmaceutical and chemical pro-

ducts. In the case of alcohol intended for use as fuel, the sub-

stances added should be of a character appropriate to its use, not

too costly, and not containing any non-volatile substance. Any
attempt to recover pure alcohol from methylated spirit should

be liable to severe penalties, and all makers of stills should be
compelled to give particulars to the excise authorities of stills

sold or repaired. In the other sections discussions were held on
the relation of the sugar industry to the State, the methods of

analysis of wines and spirits, the carbide industry, manufacture
of percarbonates, and numerous other papers of interest.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

It is officially announced that Mr. L. R. Wilberforce, demon-
strator in physics at the Cavendish Laboratory, Cambridge, and
University lecturer in physics, has been appointed to the Lyon
Jones chair of experimental physics at University College,

Liverpool, vacated by the removal of Dr. Oliver Lodge to the

University of Birmingham.

The Admiralty has created an important new post in the

Dockyard staff, namely, that of electrical engineer, to rank next

to the four chief assistant engineers. To fill this post the

Admiralty has chosen Mr. Louis J. Steele, M.I.E.E., late chief

engineer of Messrs. Verity, and formerly assistant engineer
with Messrs. Johnson and Phillips. Mr. Steele received his
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training at the Technical College, Finsbury, under Prof.

Silvanus Thompson and Prof. Perry, and carried off the certifi-

cate of the College in 1890. He will be attached to the

Dockyard staff at Portsmouth.

Instruction in chemistry is well provided for at the Gold-

smiths' Institute, New Cross. During the session about to

commence, Mr. W. J. Pope will give courses of lectures on oils,

fats and waxes, organic chemistry with special reference to

recent work and current views, inorganic chemistry and stereo-

chemistry. In this last course of lectures, the principles which

form the foundation of stereochemistry will be discussed,

together with the methods which have led to the discovery of

stereoisomerism amongst compounds of carbon, nitrogen, tin

and sulphur. Particular attention will be paid to the bearing of

stereochemistry upon current chemical problems. Lectures in

chemistry will also be given by Mr. Stanley J. Peachey.

During the past year the Degree of Doctor of Philosophy

was conferred by twenty-two Universities in the United States

upon 233 candidates. The distribution of these degrees among
the various Universities, and the subjects taken, are dealt with

in an article in Science. It appears that 120 of the degrees were

granted to students of the humanities, and 113 for scientific

subjects. The tables show that the humanities are favoured at

Havard and Yale Universities, and the sciences at Johns
Hopkins, Columbia and Cornell Universities. Last year Johns
Hopkins gave more than its proportionate share of degrees in

chemistry, physics, zoology and physiology, Chicago in mathe-

matics, geology, sociology and education. Harvard in physics,

zoology and anthropology, Columbia, in astronomy, botany,

zoology and education. Vale in palaeontology and psychology,

Cornell in botany and psychology, and Clark in mathematics,

psychology and education. The six science subjects in which

most students presented theses are as follows :—Chemistry

26, physics 15, botany 12, mathematics 11, zoology 11, psych-

ology 9.

Ever since the funds were provided for technical education

in this country, it has been insisted upon in these columns, and

by men of science generally, that such education could only be

profitably carried on by giving rational instruction in scientific

principles instead of attempting to teach actual processes and

trade methods, which are constantly in a state of flux on account

of new developments. The most gratifying characteristic or

educated opinion at the prtsent time is the acceptance of this

view ; and it is especially noteworthy in connection with the

substitution of nature study for agriculture in rural schools. In

an address recently delivered before the Cheshire College 01

Agriculture, Prof. Robert Wallace dwelt upon the relation

between the work of an agricultural school and actual farm

work, and showed himself in complete sympathy with the view

which has been expressed over and over again in these columns.

Here is the case in a few words :—" What a young farmer

should learn is not ordinary farm work, viz. to plough and

harrow a given area in the day. He can become an expert at

that kind of thing at home to greatest advantage, without cost

for instruction, and at the same lime prove a valuable aid to his

father. He requires to be taught just those things which are

not to be learned on an ordinary farm, to have explained to him

the meaning of processes which are founded on scientific prin-

ciples, and to become familiar with the common facts of those

sciences which bear upon agricultural practice." If this had

been borne in mind by Technical Instruction Committees in

rural districts from the time they came into existence, their

efforts would have received more encouragement from practical

men, and have been attended with better results, than have

been attained in many cases.

SCIENTIFIC SERIALS.

Transactions of the American Mathematical Society, vol. i.

^o. 3.—Wave propagation over non-uniform electrical con-

ductors, by M. I. Pupin, is a paper read before the society m
December last. The main object of it is the solution of a pro-

blem which, looked at from a purely mathematical point Oj

view, can be stated as follows :—Find the integral of the partial

' R:i7 = /^ , , and determine it so
at C OS'differential equation I^ta'^t

as to satisfy k + 2 boundary conditions, where >6 + i is the

number of coils. The principal difficulty is to determine
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the proper mathematical formulation of these sundry con-

ditions so as to obtain a system of equations which can be

readily solved. The paper is illustrated by diagrams which put

the problems discussed in a clear light.
—" Ueber systeme von

differentialgleichungen dessen vierfach periodische functionen

geniige leisten," by M. Krause, was presented at the Chicago
(April) meeting of the present year. References are given to

Ilermite (" Sur quelques applications de la theorie des fonctions

elliptiques," 1885), and to a paper by Picard {Comp'es rendus,

Band 89), and 10 previous work by the author.—E. B. van
Vleck follows with a paper on linear criteria for the determination

of the radius of convergence of a power series. Its object is to

establish criteria for the convergence of a power series when the

(«+i)th coefficient A„ is connected with the preceding co-

efficients by a linear relation which tends to take a limiting form
as n increases indefinitely. The criteria include Cauchy's ratio-

test as a special case, and may be looked upon as an extension

of the test, and are applicable in cases in which the simple ratio-

test fails. The paper closes with two theorems which are an
extension for the case of two variables, criteria for the converg-

ence of power series in such a case are stated to be very rare.—On
the existence of the Green's function for the most general simply

connected plane region, byW. F. Osgood.—A short but suggestive

note—" D " lines on quadrics, by A. Pell. These lines, so

named by Cosserat, were originally considered by Darboux.
They are the lines drawn upon a surface in such a way that the

osculating sphere at every point is tangent to the surface at that

point. In addition to the above, the lines have been studied by
Enneper and Ribaucour (for surfaces in general). In the present

paper the author appliee the theory 01 elliptic functions to the

integration of Darboux's differential equation, and obtains an
idea of the appearance of the lines and also some of their

properties.—Starting from an article, by Prof. F. Morley, in the

previous number of the Transactions, F. H. Loud gives sundry
metric theorems concerning n lines in a plane. By giving a
different interpretation to formuke got by Prof. Morley, Mr.
Loud obtains a new series of theorems and other results of some
interest.—An application of group theory to hydrodynamics, by
E. J. Wilczynski. It was observed by Sophus Lie that the

stationary motion of a fluid can serve as a perfect picture of a

one-parameter group in three variables. Apparently this fact

has not been utilised for the purposes of hydrodynamics. This

f)aper does this. Amongst other advantages, the treatment,

from the new standpoint, leads to special cases of exceptional

interest and importance, which otherwise appear to be difficult

and unpromising.— Dr. L E. Dickson, following up work
recently published in the Proceedings of the London Mathe-
matical Society (vol. xxxi. pp. 30, 351), contributes an article

on the determination of an abstract simple group of order
2'''3'*'5'7, holohedrically isomorphic with a certain orthogonal
group and with a certain hyperabelian group (contributed to the

Chicago [April] meeting of the society).

In Vne Journal of the Royal Microscopical Society for August,
Mr. E. M. Nelson has one of his useful technical articles on the
" lag " in microscopic vision, as well as a historical account of the

improvements in the structure of the microscope introduced by the

firm of Ross. Mr. E. B. Stringer describes a new form of fine

adjustment. Miss A. Lorrain Smith gives a description of

some new microscopic fungi, including a new species of Ento-
mophthora, not parasitic, but saprophytic on dead animal tissues.

There is, in addition, the usual summary of current researches

relating to zoology, botany and microscopy.

In \.\\QJournal of Botany for August, Messrs. W. and G. S.

West have a second instalment of their notes on freshwater
algae, in which some new species and varieties are described.

The remaining papers are descriptive or geographical.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, September 10.—M. Maurice Levy
in the chair.—Occultation of Saturn by the moon on September
3 observed at the Observatory of Lyons, by MM. J. Guillaume,
G. Le Cadet and M. Luizet.—On differential systems with a
general uniform integral, by M. Paul Painleve. Four types of
systems are examined, problems in mechanics such as the- move-
ment of a heavy body fixed by a point, the inversion of total

differentials, the case where the general integral of a differential

system does not admit of transcendental singularities, and the
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study of the integrals of a differential system in a real field.—On
the liquefaction of air by expansion with production of external

work, by M. Georges Claude.—On the dielectric cohesion of
gases and vapours, by M. E. Bouty. The experiments previously
described upon the relation existing between the distance at which
insulation breaks down and the pressure of the gas have been
extended to vapours of liquids. Results of measurements for

water, and eleven organic liquids, are given in the present paper.

—On the modification of the electrical and organic properties of

cables under the prolonged action of currents, by M. Georges-
Rheins. When a cable is submitted to the action of an alter-

nating current it preserves its electrical and organic properties-

intact. With a continuous current in one direction the cable
gradually loses its electrical properties, this effect being pro-

duced by the slow penetration of the copper from the wire into-

the sheath. The effect is similar with both gutta and paper
coatings.—New researches on the absorptive power of haemo-
globin for oxygen and carbonic acid, by M. L. G. de Saint-

Martin. As the result of numerous experiments quoted, the
author is of opinion that, contrary to the views generally held,

it is impossible, especially in pathological cases, to estimate

haemoglobin by means of the absorbing power of the
blood.—On the nitrocelluloses, by M. Leo Vignon. Both the

nitrocelluloses and the nitro-oxycelluloses energetically reduce
Fehling's solution, their reducing power being apparently inde-

pendent of the degree of nitration. The reducing powers of the

nitration products of cellulose and oxyceliulose are of the same
order, about one-fifth that of inverted sugar.—On the wood of

the Conifers of peat bogs, by M. L. Geneau de Lamarliere. In
the wood of Conifers taken from a peat bog, the intercellular

layer formed of lignin and pectic comjjounds is intact, whilst

the internal portion has been strongly attacked by microbial

action. The lignin and cellulose have disappeared, an amor-
phous substance remaining behind which is soluble in potasli

after the action of chlorine. The material resembles callose.

—

Influence of a dry or moist medium upon the structure of plants,

by M. Eberhardt. Compared with normal air, the effect of dry

air is to increase the thickness of the epidermal cuticle and the

number of stomata, to make the cork layer form earlier, to

increase the production of ligneous tissue, and to cause an
increase in the amount of pallisade tissue in the leaf.
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THE MAMMALS OF SOUTH AFRICA.
The Fauna of South Africa; Mamtnals. Vol. i.

Primates, Carnivora a?id Ungulata. By W. L. Sclater.

Pp. XXX + 324 ; illustrated. (London : Porter, 1900.)

IN our review of the "Birds of South Africa" (vol. i.),

published earlier in the year, reference was made to

the scope of the present series of volumes and the pecu-

liarities of the South African fauna ; and it will there-

fore be unnecessary to recapitulate what has been there

written. In the introduction to the volume before us

Mr. Sclater remarks that since 1832 no one has attempted

to give a complete account of the mammals of South

Africa, attention having been concentrated by writers on

this subject to the larger forms which constitute the chief

attraction to sportsmen and travellers. Accordingly, in

the case of the smaller representatives of the class the

author has practically a clear field before him, much
labour being necessary to collect and collate the numerous

papers which have been written of late years on the

Rodents and other small mammals of Africa. This por-

tion of his subject is, however, reserved for the second

volume ; and at present we have only to consider how
Mr. Sclater has treated the section dealing with the

larger types of mammalian life.

As he himself admits, his task in this respect has been

a comparatively easy one ; the " Book of Antelopes "

clearing the way in regard to that very important group

of the Ungulata, while the Zebras have been carefully

worked out by Mr. Pocock and other naturalists, and the

Carnivora have attracted the attention of numerous
writers. On all these valuable sources of information

Mr. Sclater has drawn largely ; and it is no discredit to

him if the work partakes to a very considerable degree

of the nature of a compilation, and contains comparatively

little that is new and original. Indeed, this is fully

acknowledged in the Introduction, where the author

takes care to state that in his account of the habits of

the different animals he has relied on the observations of

others, and endeavoured to compile from published

writings and manuscript letters an adequate and readable

account of each.

By these observations we by no means intend to imply

that Mr. Sclater's work is in any sense a superfluous or

unnecessary one ; the " Book of Antelopes " and other

works of that description are expensive and accessible

only to the few ; and, as already said, there is no modern
and up-to-date work treating of South African mammals
as a whole.

Both in respect to his treatment of the aforesaid life-

histories and in his description of the species themselves

Mr. Sclater may, indeed, be fairly congratulated on the

result of his labours ; the volume before us being suffi-

ciently popular and interesting to attract the attention of

the sportsman, while at the same time it contains a suffi-

cient amount of technical (latail to satisfy the needs of

the working naturalist. \\ hether, however, in these days
of cheap natural histories and zoological text-books it is

necessary that every work on local faunas should contain

a hackneyed recapitulation of the characteristics of the

NO. 16 [3, VOL. 62]

orders and other large groups of animals may be a ques-

tion which many would, we think, be inclined to answer

in the negative. As regards the numerous illustrations

in this volume, it is much to be regretted that the majority,

which were executed in the Colony, are of a very inferior

description, and in no wise worthy to stand alongside

those borrowed from the " Book of Antelopes " and other

well-known works. Probably there is not time to alter

the arrangements made for illustrating the second

volume ; but if there be, it is most desirable that the

drawings should be made and photographed in this

country.

As regards the local variations presented by species,

the author is perhaps a little too conservative ; and

although he gives full details in regard to the numerous

races of Burchell's zebra, we venture to think that more

might have been said, for instance, with regard to the

local phases of the Kaffir cat and some of the jackals.

Among the Carnivora, it is interesting to find that the

author recognises the black-footed cat (Felis nigripes),

which has been so unaccountably overlooked by recent

writers, as entitled to rank as a species. And, in another

group, we think he is decidedly well advised in adopting

the Colonial term " Dassie " (an abbreviation of the Boer

klip-dass = rock-badger) as the popular name for those

animals which used to be scientifically known as Hyrax,

until that name was displaced by the earlier Procavia.

Generally speaking, Mr. Sclater is, indeed, well up to

date as regards nomenclature, both popular and scientific.

He does not, however, in all cases give credit for recent

emendations in nomenclature to those to whom it is due.

For instance, the reader would be led to imagine that

the author was the first in modern times to replace the

ordinary scientific title for the eland by Taurotragns

oryx, whereas the change was initiated last year by Mr.

Rowland Ward in his "Records of Big Game." And
it cannot be urged in the authors defence that the

omission is due to the fact of his quoting only references

from works bearing directly on South Africa, since he

departs from this rule in the case of Cephalophus gtimmi

(p. 157), as well as in other instances. A change of

name for which the author appears to be really respon-

sible occurs in the substitution of Strepsiceros capensis

for S. kudu ; but this directly raises the question of the

advisability of adopting the alliterative S. strepsiceros,

which some would now regard as the proper name of

the kudu.

On the whole, the volume appears to be remarkably

free from misprints and slips. On p. 317 the author

has, however, given Elephas planifrons as the type of

Falconer's subgenus -^Euelephas, and E. hysudricus as

that oi Loxodon ; whereas the two specific names should

be transposed. But this unfortunate slip is not all, for

in making these two species the respective types of the

subgenera the author has totally misrepresented Falconer.

Mr. Sclater has, of course, taken them as the types be-

cause they occur first in Falconer's table. But Euelephas

of Falconer is merely the typical subgenus of Elephas

{Elephas proper it would now be called), and therefore

the type of the one is the type of the other ; this being,

of course, the Indian elephant. Again, in the paper to

which Mr. Sclater refers. Dr. Falconer, in writing of

the Loxodons, says that "the existing type of this group

Z
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is the African elephant, which Fred. Cuvier, in 1835,

proposed to erect into a distinct genus under the name

of Loxodonta." A more unfortunate error, complicated

by a more unfortunate slip, could scarcely be conceived.

In one other passage where the author ventures into

the domain of palaeontology he has scarcely been more

successful, since (p. 308) he unhesitatingly accepts the

alleged Cretaceous age of presumed Hyracoid remains

discovered in the Argentine. Possibly, however, his

omission to mention that fossil " dassies " occur in the

European Pliocene may be due to the time that the

volume has taken in passing through the press, although

the fact was announced at the Zoological Congress held

at Cambridge in 1898.

Much general interest will attach to Mr. Sclater's

account of the two large mammals which have un-

doubtedly become extinct in South Africa in modern
times. With regard to the first of these, the author

remarks that the last blaauw-bok {Hippotragus leuco-

phoeus) was probably killed in 1799 ; and that, in addition

to several pairs of horns, five complete mounted speci-

mens are known to be preserved. The quagga {Eqttus

quagga) he believes to have survived in the Orange
Colony till at least 1878, although it is difficult to obtain

exact information owing to the Boers confounding this

species with Burchell's zebra. Of the white rhinoceros

it is considered not improbable that a few may still

survive in Zululand, although it is sad to learn that no

less than six are reported to have been killed so lately as

1894, one of these being exhibited in the museum at

Pretoria. The latest information with regard to the

white-tailed gnu is that a few herds were, till recently,

preserved on some farms in the Orange Colony and the

Transvaal ; while it is suggested that a few stragglers

may survive in the Kalahari, Gordonia and German
South-west Africa. Much anxiety will now be felt by
naturalists as to what has happened to the gnus, and also

to the blesboks, till lately preserved in the Boer
Republics ; and it is to be hoped that those responsible

for the settlement of these districts will do all in their

power to protect such remnants as the war may have
left.

We hope ere long to have the pleasure of congratulating

Mr. Sclater on the completion of his task. R. L.

OUR BOOK SHELF.

Acetyleney a Handbookfor the Student and Manufacturer.
By Vivian B. Lewes, F.I.C., &c. Pp. xxvi -I- 978.
(Westminster : Archibald Constable and Co., Ltd.,

1900.)

In this handsome volume of nearly 1000 pages. Prof.

Lewes has presented the English reader with a hand-
book on the manufacture and use of acetylene which in

completeness of scope and wealth of illustration will

compare with its French and German rivals.

In the first part (consisting of four chapters) the
scientific history of acetylene and its properties is set
forth with considerable detail ; useful summaries of many
researches are given, and references to the original
memoirs are added. The question of the discovery of
" commercial calcium carbide " is discussed with dis-

crimination, the chief credit being assigned to the
Canadian engineer, Mr. T. L. Willson. The reactions of
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acetylene, especially with metallic salts, are fully
considered.

Part ii., the most important in the book, describes the
development of the electric furnace, and its special
adaptation to the manufacture of calcium carbide. The
generation of acetylene by the action of water on the
carbide is next considered, and then the question of
impurities and their removal is discussed. Most of the
figures illustrating this portion of the book are clear and
satisfactory, but a few are indistinct and on too small a
scale. The chapter on the combustion of acetylene is

illustrated by a number of useful drawings of burners
and flames, and -full data are given for a comparison
between acetylene and other methods of illumination,
both as regards prime cost and working expenses. We
think Prof. Lewes has shown himself eminently fair in

the discussion of this subject.

The method of treatment adopted by the author
naturally leads to some repetition, but in a book of
reference this will not be felt an inconvenience. It was
perhaps hardly necessary to give the author's " acetylene
theory of luminosity" twice over. In a new edition we
hope that the number of small inaccuracies will be re-

duced. We did not expect to find a chief gas-examiner
saying that " sulphur dioxide, in ill ventilated apart-

ments, will absorb oxygen and moisture from the air, and
will in this way become converted into minute traces of
sulphuric acid, which, concentrating themselves upon
any cold surface in the room, give rise to corrosion," &c.
The Harcourt pentane standard is not approved of,

apparently, by Prof. Lewes, who states that it was first

described in 1887. It was described ten years earlier.

The specific heats of gases given on page 609 are in-

correct, and several names are wrongly spelled, e.^. Vielle

should be Vieille (p. 68), Smithell should be Smithells

(563). In spite of small errors, the book is a mine of
information, and will be useful, both to chemical students
and to others interested in the making and use of

acetylene.

Wireless Telegraphy and Hertzian Waves. By S. R-
Bottone. Pp. 113. (London: Whittaker and Co.>

1900.)

There are many whose interest in wireless telegraphy
will take the form of a desire to experiment for them-
selves, and who, whether from inclination or necessity,

will prefer to do so with home-made apparatus. To these

the little book before us will especially commend itself.

The first half of Mr. Bottone's work is devoted to

"preliminary notions," "historical considerations," and to

a chapter on electric waves. This earlier half seems to us

to leave much to be desired. Thus a clear elementary
description of the fundamental experiments of electrical

science is followed (p. 12) by a very obscure summary of

the properties of electric charges and currents. Again,
the confusing of the words " stress '' and " strain " will not

please the reader accustomed to the modern strict usage
of these terms.

The description of apparatus in these earlier chapters

is often involved, and many sentences will be found
which through faulty punctuation or other small errors

are not at once intelligible. A considerable amount of

repetition also seems to occur, apart from deliberate

recapitulation.

The later part of the book includes a number of

really good descriptions in detail of how to make such
apparatus as a small induction coil, a Wimshurst
machine, a relay, or a coherer ; and the author is evidently

familiar with the little practical difficulties which arise.

Possibly the importance of making a dimensioned draw-
ing before starting work might have been emphasised ;

but in all other respects these "workshop recipes" seera

very complete and well suited to the wants of those about
to make such apparatus. D. K. M.
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LETTERS TO THE EDITOR.
{The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond -with the writers of rejected
manuscripts intended for this or any other part of NATURE.
No twtice is taken of anonymous communications,'\

Vibrissse on the Forepaws of Mammals.
It is well enough known that carnivorous and other—espe-

cially nocturnal—animals are provided with numerous long hairs,

generally called vibrissa;, upon various regions of the face. The
"whiskers" of the cat are a familiar example. But it is not
so widely known that there exists very commonly in those same
creatures a tuft of long hairs upon the wrist, which are con-
nected with a large nerve. There have been incidental references

to these structures ; thus Mr. Bland Sutton described and figured

them in several Lemurs. But it is not, I believe, a matter of
common knowledge that they are present in a great variety of

mammals. I have examined members of the groups, Lemur-
oidea, Carnivora, Rodents, and Marsupials, and invariably found
these structures in those members of the groups in question
which use their forepaws as climbing or grasping organs, or in

both ways. They are generally not very conspicuous, as the
individual hairs are often not markedly thicker than those of the
surrounding fur. But often they contrast by their colour. In a
pale, almost albino, example of the squirrel Sciurus maxituus,
the hairs were especially obvious, owing to their being black, and
thus contrasting with the pale brown of the surrounding part of

the pelage. In a black cat the same vibrisste were white. It is

always, however, easy to assure oneself of their presence by the

sense of touch. The bundle of these rather stiff hairs and the

thick nerve termination cannot be missed, if the skin be gently
squeezed. In a nevsly born phalanger this structure was parti-

cularly obvious ; but in a kangaroo of corresponding age there

were no signs of an elevation of the skin bearing thick hairs. It

will be remembered that the mode of life of these two marsupials
is very different. Although I have examined up to the present

but few genera of mammals, it appears to me that this structure

will be found to be pretty universal. I have of course not
detected these arm vibrissje in Ungulates.

Zoological Society's Gardens. Frank E. Beddard.

The Distance to which the Firing of Heavy Guns is

Heard.

In the number of Nature for August i6, there is an
article by Mr. Charles Davison on the distance to which the
firing of heavy guns is heard. The writer of the article seems
to wish to collect facts bearing upon this question; I can supply
one bit of information of the kind desired.

In the summer of 1863, during the siege of Charleston, S.C,
by the Federal forces, being at the time an officer in the
Confederate Army, I went, under orders, from Macon, Ga., to

Charleston by way of Millen, Augusta and Branchville. It

was just at the time of the first heavy naval bombardment of Port
Sumtra. The train stopping at a water tank a few miles (I do
not now remember just how many) on the Macon side of Millen,
and therefore somewhat farther than this place from Charleston,
I heard distinctly, not only the general, more or less varying,

roar of the bombardment, but also the low boom of individual

guns. The sound was faint, but unmistakable in the stillness

while the engine was taking water, but was lost as soon as the train

got into motion again and its noise began. At Augusta, during
the stop made there, I could catch the sound of the guns again,
though it was interfered with a good deal by the confused noise
if a large town. At Branchville, a hamlet of a few houses, the
lund was easily recognised by any one, and was accompanied

by a gencraX feeling o( tremor.

Millen is nearly due west from Charleston, and distant about
117 miles in a direct line. Augusta is approximately 25° north
of west from Charleston, and about 122 miles distant. Branch-
ville is about 35° north of west from Charleston, and at a distance
of about sixty miles.

Mr. Davison says that he has but little information as to the
distance at which the discharge of single guns has been heard.
I may therefore add that the heaviest guns in use in the bom-
bardment I refer to were the 15-inch smooth bore muzzle-loading
guns carried by the Federal turreted "Monitors." I do not
remember now what was reported to be the charge of powder
used, but they were, of course, firing shotted cartridges—some
solid shot, but more frequently shell. J. W, Mallet.

The Solidification of Alloys.

In a recent discussion on alloys, which took place at the
Bradford Meeting of the British Association in the Section of
Chemistry, a curious uncertainty was alluded to, which occurs
in the cooling of certain alloys from the liquid state, as to the
relative proportions of different varieties of crystals which form,
depending on the rate that the cooling is proceeding with.

I would wish to draw the attention of those more particularly
interested in the matter to a direction in which to look for what
may be one of the causes of this peculiarity, namely, to the
effect that different conductivities for heat in the different kinds
of crystals may exercise in determining the relative proportions
in which they form, where, as in this case, two or more varieties
are possible. Where there is a difference in the conductivity
of two possible varieties, the more of the better conducting
material that is formed the faster in general the cooling can
proceed.

The matter might be looked upon as a kind of inorganic
evolution. Suppose that in the first instance round the
boundaries, through which heat is passing out, of th e cooling
material, the two varieties form with equal facility, where the
better conducting material forms heat escapes fastest and solidi-
fication of the molten material proceeds fastest, we may suppose
this to follow in composition the linesof the crystals in proximity,
namely, of the better conducting kind. Thus, by a kind of
survival of the fittest, one of the varieties prevails.

When the cooling is very slow, where in the limit the temper-
ature is at any moment the same throughout, < this controlling
influence is a vanishing quantity.

A similar principle is probably the cause of the radiating
structure seen often in a cooled mass of certain materials, such
as bismuth and possibly ice, which have different conductivities
in different directions in the crystal. Fred. T. Trouton.

Physical Laboratory, Trinity College, Dublin.

The Reform of Mathematical Teaching.

As I am in full .sympathy with Prof. Perry's views, my own
training, somewhat on the lines suggested by him, may be of
interest. I was once taught Euclid and thoroughly hated the
subject. At thirteen I was sent to school in Germany, where I

was taught geometry; it had so little resemblance to Euclid that
I looked on it as a new subject and was delighted with it. After
eighteen months I returned to England to serve my apprentice-
ship, but not before I had advanced as far as solid geometry,
quadratic equations and trigonometry, and I believe that this

early and rapid mathematical training was of inestimable advan-
tage to me in the works. It seems unconsciously to have led

me to look on practical subjects with so much of a mathematical
feeling that even now my fellow engineers consider me very
mathematical, yet all the subsequent mathematical training at

college (Germany) only extended over another eighteen months,
and I admit that I would have liked to have had more.

I now come in contact with many engineers, both old and
young, and almost invariably find that they are unmathematical,
i.e., they cannot look at an engineering problem with an analy-
tical eye ; and no wonder, if they have been brought up on Euclid.
To me these volumes seem to be a collection of mathematical
puzzles, which the ancient Greeks sent each other for solution,

and which are most excellently edited by Euclid. A similar col-

lection might nowadays be made of the trying problems in the
chess columns of our daily literature, and these might be so
pieced together as to afford most excellent mental training, but
such a work would never teach good chess playing. It would
be an excellent reference book for past masters, and that is what
Euclid would still be if higher mathematics had not been
invented. C. E. Stro.meyer.

Lancefield, West Didsbury.

Leaf Decay and Autumn Tints.

"Observation shows," says Emile Mer, "that in most
cases where wood dies in contact with living wood there is pro-

duced from the second towards the first a migration of starch and
tannin, and (in a conifer) of resin ; there is thus produced from
the portions remaining living towards the dying or dead portions

a drainage of substances, &c." These remarks refer to the

formation of secondary periderm and of the duramen, but their

scope and tenour may perhaps, I think, be extended to the case

of forest leaves approaching the end of their existence as living
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organs. How does it come to pass that in autumn the leaves of

some of our forest trees exhibit a brilliant livery of crimson,

while others exhibit only a yellow or golden glory ? Take, for

instance, the case of the ash constituents in the dry substance of

the leaf. It is known by analysis that the percentage of ash

increases through nearly the whole life of the leaf in beech,

sycamore, elm, but not in oak, larch, cherry, &c. ; it depends a

good deal on whether some one ash constituent (generally lime

or silica) is being steadily stored up. For example, the dry leaf

of Acer campestre on May i has 6 per cent, ash, and in October

i6'2 per cent, ash ; the dry leaf of Prunus avitini has on April

28, 7*8 per cent., and on October 2, 7*2 per cent. ash. Now the

leaf of the former tree is only yellow in autumn and never red,

while that of the latter is very often beautifully crimson. In the

former case there is a kind of gradual decay or death of some of

the cells (mostly of the upper epidermis) which occasions a

drainage of mineral and organic substances to these parts from

the still living tissues. This drainage and accumulation attest,

in fact, such a decay ; and what is more, they seem to have a

distinct influence over the ultimate autumnal coloration of the

leaf itself. It is easy to understand, in fact, that the leaves

which exhibit such a decay and approach to dissolution are just

these wherein the chromogen precursive of the brilliant red

coloration would likewise suffer an analogous kind of change,

i.e. it would tend to become brown, to produce phlobaphene,
just as it does in the outer bark which is the practically dead
portion of the rind. Where this accumulation of mineral matter

and all which it implies does not take place, as in cherries,

currants, American oaks, pears, wild vine, barberry, &c., then

the chromogen does not deteriorate ; it evolves its proper pig-

ment, and assumes the flush and glow of active living colour.

On the other hand, in elms, chestnut, linden, birch, poplars, &c.,

which are never red but only yellow, it is only the vivid carotin

attached to the last faded and now exhausted chlorophyll which
gleams forth, but only for a time, and if not too much ob-

structed by the dull browns of decomposed carbohydrates and
superoxidised tannic chromogens. P. Q. Keegan.

Patterdale, Westmorland.

Homochronous Heredity and Changes of
Pronunciation.

Seeing that in ancient German, or rather Gothic, Swedish,
Danish, probably in French, and possibly in Sardinian, the th

sound surviving in English (though much less frequent than it

used to be) was once largely used, but nowadays Frenchmen
and Germans find a difficulty with it, I should like to know
whether systematic experiments have been made as to whether
children of various ages of these two nationalities can pronounce
it more exactly and spontaneously than their compatriots of a

maturer age ? I should like to make the same inquiry concern-

ing English children and their pronunciation of the gutturals

discarded or altered in such words as night, bough or laugh ?

Charles G. Stuart-Menteath.
23 Upper Bedford Place, W.C.
Authorities:—Helfenstein, "Comparative Grammar of the

Teutonic Languages," 1870, pp. 156-9; G. Koerting, " Neu-
griechisch und Romanisch," 1896, p. 23 ; W. Meyer-Luebke,
"Grammatik der Romanischen Sprachen," 1890, p. 428.

The Daylight Meteor of Sunday, September 2.

As Mr. Denning expresses a wish in your issue of Sep-

tember 13 for further information concerning this meteor, I

write to inform you of what I saw myself.

I observed the. time at which the meteor fell, and made it

6.50, but my watch is no chronometer. I saw the meteor from

the road, between Deganwy and Llandudno, and it appeared

to fall over the Little Orme's head. If you joirt this point to

Leyburn in Yorkshire, you have the line as near as I can give it,

and I do not think it is very far out. I did not note any column
of smoke or cloud after the meteor fell. Its path was vertical.

Some one says its angle of appearance was 35°, and disappear-

ance 25^, which I should say is about correct. Ttie sun was
shining brightly, though low down in the west. The brilliance

was greatest just before disappearance. I have never before

seen any meteor to compare with it in brightness.

38 Hillfield Road, Hampstead. T. RoOKE.
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The meteor of September 2, described in your issue o-
September 13, was seen in Ireland also, in even brighter day-
light.

I noted the time, 6.27 p.m. (Irish), and the direction, E.N.E.,
from a point near Enniskerry, co. Wicklow. There was a
possible error of a couple of minutes in my watch, and a con-
siderable error possible in the estimated direction, which was
a rough approximation made without a compass.

B. St. G. Lefroy.

THE THEORY OF IONS.

"pVER since Faraday enunciated the law of electrolysis,
*-' that the same quantity of electricity passed when
chemically equivalent masses of different substances were
produced, it has been a matter of speculation whether
this may not be due to atomic charges of electricity.

Every one, in describing electrolysis and explaining how
the substances evolved appeared at the electrodes with-
out any apparent action in between them, based his
description and explanation upon the supposition of elec-

tric charges on the atoms. Some substances, such as
hydrogen, were given positive, and some, such as chlorine,
were given negative charges, and the electric current
through the liquid was explained as due to the convection
of these charges by the moving atoms or groups of atoms,
and the movements of these were ascribed to the electric

force acting on these charges. The amount of the charge
on each atom or group of atoms was proportional to its

valency, and as this has with good reason always been
taken as a whole number, the charges ascribed to the
moving elements were all simple multiples of the charge
ascribed to a monovalent atom, such as hydrogen or
chlorine. All this has naturally led to the hypothesis
that electricity itself is atomic. In electrolysis, at least,

there is a certain minimum quantity that corresponds to
a single atomic bond, and quantities of electricity trans-
ferred by electrolysis are always multiples of this unit. It

was surely natural, then, to give a name to this important
physical unit quantity of electricity, and it has conse-
quently been called an " electron."

Further, in electrolysis, the electrons always appear
connected with, and travelling with, certain atoms or
groups of atoms. For example, in copper sulphate solu-
tions, the positive electrons travel in pairs with the
divalent copper atoms, and the negative electrons with
the divalent atomic group SO4. These charged atoms,
or groups of atoms, playing such an important part in

electrolysis, have been called " ions."

Now there is a very important difference between
different liquids in their behaviour when we try to pass
an electric current through them. Some are quite easily

decomposed, others offer a very great resistance, and it has
been a matter of most interesting speculation as to the
cause of this. In the first place, most of the easily de-
composed liquids are solutions in water, of acids, alkalis

or salts, and this has naturally attracted attention. In
the second place, these solutions are all ones in which
double decompositions, and such-like chemical actions

take place with facility. Can a common explanation be
given of this remarkable coincidence of electric conduc-
tivity and chemical activity ? Electric conductivity is due
to two causes^— first, the^electric charges on the ions ; and
second, the independent mobility of these oppositely
charged ions under electric force. Without entering
upon the very interesting questions involved in in-

numerable speculations as to the causes of these
charges and of the mobility of the ions, all modern
theories acknowledge that, in some way or another,
water, and some other liquids in a less degree,
have the very remarkable property of conferring upon
certain substances dissolved in them the wonderful inde-

pendent mobility of the ions which we see in electrolysis.
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In consequence of this mobility of these dififerently elec-

trified ions, it is easy to understand their chemical activity

in these conducting solutions, and thus these two
important properties of these solutions receive a

common explanation. No really satisfactory explana-

tion of how the solvent water confers on substances

dissolved in it this wonderful independent mobility of

the ions has yet been proposed. Some writers have
described the phenomena as if all that was needed was
to assert that the ions move about independently, that

the material, CuSO^ for example, is simply dissociated

into Cu and SO4, and that these ions gad about freely

and independently in the liquid. Such writers conse-

quently speak of the substance as being dissociated in

solution. In what is recognised as ordinary chemical
dissociation there is no different electrification of the con-

stituents into which the substance is dissociated, and
there is thus an essential distinction between the

independent mobility of electrified ions in solution and
what is recognised as chemical dissociation. Whatever
be the true account of the matter, it is almost certainly

very much more complicated than ordinary chemical
dissociation, and the action of the water is evidently of

the first importance. There is great difficulty in explain-

ing this independent mobility, on account of two things

which have not been satisfactorily explained as yet. In

the first place, it is very hard to understand why these

oppositely electrified ions do not combine together in

pairs as they would do if they were merely under the

action of the electric forces due to their opposite electri-

fication. In the second place, it is very hard to under-
stand where the energy comes from that is required to

separate these independent ions and keep them free

from one another. When copper sulphate is dissolved

in water there is very little change of temperature ; if it

be the anhydrous salt, there is a rise of temperature
;

while we would naturally expect an enormous absorption
of heat to account for all the energy that would be
required to separate the Cu and SO4 from one another.
This all shows how very different this phenomenon is

from ordinary dissociation, and in consequence this

peculiar action of water, and in a less degree of some
other solvents, has been called " ionisation." The two
most important properties of an ionised fluid are con-
ductivity for electricity, and a remarkably chemical activity

which has been shown to be directly proportional to the
conductivity.

Besides liquids there are gaseous conductors of electri-

city. Gases do not usually conduct electricity at all.

Even under circumstances when one would naturally
expect them to carry electric charges on their molecules,
they seem quite incapable of doing so. When the
surface of a liquid is electrified and it evaporates, one
would naturally expect the escaping molecules of gas to

carry away with them some of the electric charge from
the surface of the liquid. It is not known whether an
electrified metal volatilising would or would not carry
away with it some of the superficial electric charge, but
ordinary liquids volatilising certainly do so to a very
small extent, if at all. This may be, of course, because
the charge is carried by superficial ions^ and it is not the
ions that escape, but the molecules of the liquid itself.

But why these extremely movable ions cannot escape
as a gas from the surface of the liquid is a matter still

requiring explanation.
Under a great variety of circumstances, however,

gases are able to conduct electricity. Leaving aside the
spark, glow and arc discharges in gases at high
pressures, and the well-known discharges in gases at low
pressures, in all which cases there is evidently something
like a breaking up of the gas itself under intense electric

force, there are a number of cases in which a gas
can conduct electricity under quite feeble electric forces.
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Within any space at all close to a spark discharge of any
kind, in flames and in the gases escaping from them, in

the neighbourhood of surfaces of solids illuminated by
ultra-violet light, in the neighbourhood of surfaces of

solids being acted on chemically by the gas, in a gas

traversed by kathode rays, and in a gas traversed by
X-radiations and by those various, most curious and re-

markable radiations that have been classed under the

name of Becquerel rays—in all these cases gases conduct
electricity, apparently quite freely.

Under these circumstances it has been usual to de-

scribe a gas in this condition as " ionised," and to seek

for a separate and independent mobility of its ions.

Great success has attended these investigations. The
difficulties that surround ionisation in liquids are mostly

absent here. The ions, if left for a time to themselves,

do combine together in pairs, and it requires a continuous

and considerable expenditure of energy to keep them
apart. The diffusion of the independent electricities

has been studied, and many quantitative results that

were to be expected from the theory have been proved

to exist.

There is, however, an important difference between
the conductivity of a gas and of a liquid. In the case of

a liquid, the electricity always travels along with matter

in the form of an atom or a group of atoms ; in a gas there

is every reason to believe that we are often dealing with

electric charges which, if connected with matter at all,

are connected with masses which are about 500 times

smaller than a hydrogen atom. So far no good reason

has been given for believing that the electric charges

that move about among the molecules of a gas carry any
matter along with them. There does not seem any
difficulty in supposing that the electric charge of an atom
can exist independently of the atom. All theories of

electrolysis have supposed that electric charges are

transferred within the liquid along with material atoms,

but from the liquid to the electrodes all theories have
supposed that the electric charges jump from the liquid

atom to the electrode ; and if it can jump from one atom
to another, there seems no reasonable objection to

believing in its independent existence. On account of

the difference between the nature of the conductivity of

a gas and of a liquid, it would be well to confine the

term ionisation to the case of conductivity due to the

mobility of charged atoms or groups of atoms, and to

call the conductivity due to the existence of these mobile

electric charges which are not connected with atoms by
another name, such as " electronisation."

One of the most remarkable results of the study of

these mobile electric charges which are unconnected
with atoms is that only negative electric charges have as

yet been discovered to be free from atoms ; the corre-

sponding positive charges seem to be always attached to

atoms or groups of atoms. This has naturally led to a
rehabilitation of the old single fluid theory of electricity

in which matter plays the part of the positive fluid in the

old double fluid theories, and the phenomena of electron-

isation, so far known, certainly lend support to this

hypothesis. But we really know so little about the

subject, that it is rather too soon to form anything

beyond a rough working hypothesis. So long as we
know that there exist outstanding, second order effects

like gravitation, we are premature in concluding that

the connection between positive electrification and
matter proves any first order difference between posi-

tive and negative electricity, as it may be a second

order effect.

The conductivity of gases produced by the pressure of

these movable electric charges is in some respects more
analogous to that of metals than to that of liquids. In

liquids an electric current is accompanied by streams of

matter, while in the electronised gas, so far as it has been
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observed, there may be no stream of rnatter attached to

the electric charges which carry the current. It has con-
sequently been suggested, and with good reason, that in

solids and melted metals, which conduct metallically, the
electrons are freely movable, and that this is the cause
of their conductivity. There is some reason to believe
that in this case also it is the negative electron which is

most freely movable. Some most interesting calculations
have been made upon this hypothesis, in which it has
been supposed that there was something like a gaseous
pressure of these mobile electrons in the metal. Thermo-
electric effects have been attributed to the dependence of
this pressure upon temperature, and the convection of
heat accompanying electric currents has been attributed
to the convection of energy of irregular motion by these
electrons. The Hall effect has also been shown to be a
possible consequence of a different mobility of the positive
and negative electrons.

Upon these principles it is natural to attribute the
magnetic properties of iron and other substances to elec-

trons describing orbits round the atoms. These revolving
electrons, in this case, represent the amperean atomic
currents to which magnetisation has long been attributed.
A remarkable confirmation of this has been derived from
the Zeeman effect, which can be explained by the sup-
position that negative electrons are describing orbits
round the atoms. Further, the mass that moves with
these electrons has been shown to be of the same order
of magnitude as the 500th part of the mass of an atom
of hydrogen, which, from experiments on gaseous electron-
isation, seems to accompany the free electrons in a gas
when it conducts.
There seems to be some reason to think that in a

highly magnetisable material, such as iron, either there
are more than the four electrons corresponding to its

atomicity in rotation, or else that these are rotating very
much more rapidly than corresponds to the vibrations of
ordinary light. Some objection may be taken to the
latter hypothesis from the difficulty of explaining why
enormously rapid ether waves are not thereby generated
m the surrounding medium, and the energy of the motion
thereby lost by radiation. There are suggested ex-

planations of this difficulty, but the other hypothesis, that
matter has in it many more electrons than correspond to

its atomicity, and that these latter are merely peculiar in

being removable, agrees with a very interesting suggestion
that all matter is built up of electrons. That an atom of
hydrogen, for example, consists of some 500 electrons, one
of oxygen of some 8000, and so forth. This is a natural
deduction from these speculations, and receives some
confirmation from its being consistent with the change
in dimensions of a body as it moves in different directions

through the ether which has been assumed in order to

explain the experiment on the motion of the earth
through the ether, which Michelson and Morley conducted.
A supposition such as this naturally suggests that atoms
could be built up of electrons as well as the electrons

separated from matter ; and if that be so, there seems no
impossibility in the dreams of the alchemist, and an
element of one kind may some day be transmitted into

that of another. What is as yet known is, however, a
very slender foundation for these speculations, and it is

quite likely that matter and electricity are distinct in

kind, and cannot be transmuted into one another in the
way suggested.
Enough has been said in this very sketchy description

of ionic theory to show how far-reaching it is ; how it

touches upon the confines of our knowledge and upon
the borderland between physics and chemistry. Advances
in our knowledge of ionic theory are likely to dispel many
of the clouds surrounding the connection of matter and
ether, and may lay the foundations for an intelligible

structure of the physical universe. G. F. F. G.
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THE RECENT CRETAN DISCOVERIES AND
THEIR BEARING ON THE EARL V CUL-
TURE AND ETHNOGRAPHY OF THE
EAST MEDITERRANEAN BASIN.

VyHILE recently excavating the prehistoric Palace of
^ * Knossos, which lies in the great central gap be-
tween the higher ranges of Crete, mid-way between the
peaks of Ida and Dicta, I was much struck by the
almost continuous dualistic style of the elements. But
in this case the "eternal struggle" was not between
East and West. It was North and South that here fought
it out. The boreal blasts which have collected from the
steppes of Eastern Europe sweep almost unopposed
across the yEgean, and find their first obstacle in the
long mountain wall of Crete. They pour through the
central gap. Not unopposed, however ; they are beaten
back, and their place triumphantly taken for weeks at a
time, by the parching South wind—the Notios of the
Cretan natives—which is really the Khamsin of the
Libyan Desert. Owing to the fact that the shoot and
dumping-ground of the excavations was, perforce, at the
southern end, the works were interrupted for days at a
time by an overwhelming dust-cloud due to this cause,
for the Khamsin seems to have an affinity for dust out
of proportion to its actual strength. Disagreeable, how-
ever, as were these hindrances to the work of the spade,
one had at least leisure to reflect on the historic lessons
supplied by these natural phenomena. Crete certainly

stands geographically in closer relation to Asia Minor
than it does to Africa. Carpathos and Rhodes, not to

speak of minor islands, afford natural stepping-stones of
intercourse. The actual relations between Crete and
Anatolia, ethnic and other, must not be underrated.
Yet in a broad historic point of view Crete stands apart
from it. It was not like Cyprus, which, although at

different times it has become an outpost of Egypt and
of Europe, has always remained essentially a part of
Western Asia. But the main currents of Cretan history,

like those of its two prevalent winds, have been Northern
and Southern—European and African. Of its two direct

geographical connections, that with Greece and that with

Anatolia, it has consistently held to the former. On the
other hand, its intercourse with the opposite Libyan
coast—the Cyrenaica—and with Egypt has been singu-

larly continuous from a very remote period. And in

this lies the high importance of the part played by the

island in the early history of European culture. Germs
received here from the Nile Valley and its borderlands,

at a time when the greater part of Europe was still in

its Stone Age, were propagated northwards and west-

wards, and seedlings hence derived spread in prehistoric

times, and by more than one channel, as far as the

British islands.

During five successive campaigns of preliminary
exploration in Crete, I was able to collect a variety of

evidence establishing the very early derivation of certain

indigenous forms of stone vases and decorative motives
from those of Egypt. A series of archaic Cretan seals

exhibited designs copied almost directly from those of

Twelfth Dynasty scarabs, and approximately dating, there-

fore, from the middle of the third millennium before our

era, while steatite vases were found almost indistinguish-

able in form from Old Empire types of considerably

earlier date. The primitive three-sided seal-stones, on
which appear the first rudiments of Cretan script, repro-

duce the type of a three-sided seal, apparently of Libyan
origin, which, from its analogy with a special class of

Egyptian cylinders, approximately date from the middle
of the fourth millennium B.C. So long, however, as the

early archaeological strata of the Cyrenaica are left as at

present wholly unexplored, a great blank is still left in

the materials for comparison on the Libyan side. It
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remains to be seen whether the Danish expedition now
organising will be able to overcome the hitherto insuper-

able obstacles to the thorough scientific exploration of

that region, but the fanatical spirit of the Senoussi is of

ill omen.
What the results of these Cretan observations have

certainly ascertained is that whether directly from the

Nile Valley, or indirectly through Libyan intermediaries,

Egyptian elements were making their way into Crete at

a period which must carry back by over a thousand years

the materials for approximate chronology in the yEgean
world. The derivation, on steatite seals and vases of

Egyptian forms, of the Twelfth Dynasty spiral ornament
(only at the beginning of the Mycencean period taken
over upon metal work) is of extraordinary importance as

supplying the "missing link" in the origin and diffusion

of the spiral system in the early European Metal Ages.
By the Danube Valley and the course of the Elbe, the

old route of the amber traffic brought this spiraliform

system to the Bronze Age population of North Germany
and Scandinavia, and was by them in turn diffused, as

has been shown by Mr. Coffey, to Ireland, whose wealth

in gold made it the Rand of prehistoric Europe. On
the other side, survivals of the Mycenaean adaptations of

the primitive spiral ornament, which had lingered on
among»the Illyrian tribes of the North-West corner of the

Balkan peninsula, gained a new vitality in contact with

the artistic genius of the invading Celtic tribes. Assimi-

lated by these, and transported on the wave of Belgic

conquest to the North-West, the spiraliform system
of design re-entered the British Isles in another form

;

and in Ireland, where the elder spiral branch of the Bronze
Age had long since expired—lived on to supply designs

to St. Columba and his missionary fellow-workers. The
chains are long ones that connect the carvings of New
Grange on the one side and the illuminations of the

Book of Durrow on the other with the art of Twelfth
Dynasty Egypt ; but they run through prehistoric Crete.

Of the intercourse between Crete and the Egypt of the

Middle Kingdom the Palace of Knossos has supplied a
new and striking piece of evidence in a diorite figure

with hieroglyphic inscriptions, which give the character

of the names it bears ; its good style and material have
been recognised by Egyptologists as a Twelfth, or at

most, early Thirteenth Dynasty work. In other words,
the latest date to which it can safely be referred hardly

comes down to 2000 B.C. We have here therefore a

valuable indication for the approximate chronology of

the earlier elements of the Palace of Knossos itself,

which in any case go back beyond the period to which
the remains of Mycenae have given a name. The high
level of civilisation, however, already attained in the

City and House of Minos at this remote date is shown,
not only by such an artistic importation from the land
of the Pharaohs as the diorite figure, but by fragments
of wall-painting in an already fully developed style—one
represents a boy placing crocus-like flowers in an orna-
mental vase—and by ceramic fabrics of great beauty. In
order not to confuse the evidence, I endeavoured in this

year's excavations within the Palace walls, as far as pos-
sible, to confine myself to the upper and purely Mycenaean
layer, and the relics found of this earlier period have
therefore been comparatively limited in number. But
beneath the floors of houses immediately below the Palace
and on the opposite hill, Mr. D. G. Hogarth, the Director
of the British School at Athens, found a whole series of
vases of this early painted class, many of them showing
naturalistic designs of lilies, tulips, and other flowers,

presenting shapes in some cases so graceful as never to

have been surpassed in any later age of Greece. This
style of Cretan pottery, which has received the name of
Kamdraes from the grotto where its first occurrence was
described by Mr. J. L. MyreSj has been found by Mr.
Petrie at Kahun in Egypt, again in a Twelfth Dynasty
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connection. The intercourse between Crete and the
Nile Valley in the third millennium before our era has
thus left its traces on both shores of the Libyan sea.

The approximate date thus ascertained for the earlier

part of the Palace at Knossos gives additional interest to

the fact that this in turn overlays a vast Neolithic settle-

ment, for which it supplies a chronological terminus h
quo. In the Central Court a trial shaft was excavated,
which went down 24 feet through continuous Stone Age
deposits containing incised, chalk-inlaid pottery, axes
and mace-heads of serpentine and other materials,

obsidian knives and cores, and primitive images of clay
and marble akin to those from the earliest settlement
of Troy.

But the great bulk of the remains of the Palace of
Knossos as yet brought to light belong to the most
flourishing days of the better-known Mycenajan civil-

isation, and are contemporary with the Eighteenth and
Nineteenth Dynasties of Egypt. The building itself is

of vast extent—about two acres have already been
uncovered, and beside it the Palaces of Mycena; itself,

of Tiryns, and of all other such buildings on the mainland
of Greece shrink into comparative insignificance. We
have not here the same mighty bastions, though the
megalithic gypsum blocks of the lower part of the walls

are sufficiently imposing. What we see here is the island
capital of a great maritime power, the memory of which
survives in that of the traditional " thalassocracy " of
Minos, and which seems to have rather relied on its

" wooden walls." Here are vast paved courts, propylaea,

spacious corridors, and successions of magazines, and,
amidst a maze of lesser passages and rooms, the actual

council chamber of the prehistoric kings, with its

curiously carved gypsum throne in the centre. There
can be little doubt that this building was the prehistoric

original of the fabled " Labyrinth," the etymological
meaning of which is the house of the labrys or double-
axe, the emblem of the Cretan Zeus. This symbol is

carved on the principal blocks and corner-stones, and
repeated on every side of every slab of what appear to be
the sacred columns of two inner shrines. The legend-
ary fame of Diedalus, to whom both the building itself

and the works of art it contained were traditionally

ascribed, is fully borne out by the actual remains. Both
in painting and sculpture we see here a higher level than
was reached either at Mycenas or Tiryns. For monuments
of Mycenaean paintmg, indeed, the Palace of Knossos
stands almost alone. On many of the walls the frescoes

were still found adhering, almost as brilliant as when
they were executed, and we have here a new revelation

of ancient painting. Quite new in ancient art were
certain miniature groups of ladies in fashionably dressed
though somewhat decolletd attire, seated in animated
conversation apparently in the courts and balconies of
the Palace itself. In the decorative designs and the
fabulous animals, such as the griffins and sphinxes, the
influence of Eighteenth Dynasty Egyptian models is

evident ; but these foreign elements are adapted in an
independent manner. Of more special interest are life-

size processions of youths bearing various vases, who
display a singular general resemblance to the procession
of the tribute-bearing Keft chieftains on the tomb of
Rekhmara at Thebes, which dates from the first half of

the fifteenth century B.C. It is known that the Kefts of
the Egyptian monuments represent the Mycenaean race
of the /Egean isles and coast-lands. On the Knossian
wall-painting, we see them in their home.
The upper part of one of these Knossian figures, which

is well preserved, is of the highest ethnographic interest,

as presenting for the first time a careful naturalistic

pourtrayal of a Mycenaean man. The profile is of a pure
European character, almost classically Greek in its

regularity. The lips are somewhat full ; the eyes and hair

are dark—the latter somewhat curly. The head is of the
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high brachycephalic type. The skin shows the reddish-

brown hue of Egyptian convention, just as the women
are in the Egyptian manner painted white. The type

of head delineated is essentially that of the race which,

through all the changes of Cretan history, still remains

predominant in the island. The finely-cut profile, the

dark hair, the high brachycephalic skull, are as charac-

teristic now as they were over three thousand years ago
when the painting was executed. It is interesting to note

that the physiognomy is distinct from the more hawk-like

Armenoid type which, as Von Luschan has shown, repre-

sents the underlying ethnic element of a large part of

Anatolia. It is equally non-Semitic. That this Cretan

type represents that of the pre- Hellenic occupants of

mainland Greece is highly probable. It still survives

intact in the Illyric part of the peninsula, and I have
myself been again and again struck in Cretan mountain
villages with resemblances to the highland population of

Albania. The Slav- speaking Montenegrins, like the

Herzegovinians, so far as race and physique go, largely

represent the same Illyrian element ; and it was curious

to notice among the Montenegrin gensdarmes recently

established by the Powers in Crete the striking points of

similarity to the natives of the island. Here and there,

in Crete and elsewhere, varieties of the predominant
" Mycenaean " type take a more aquiline cast, and show
points of transition to the Armenoid race of Anatolia.

The cranial type is essentially the same, and on the whole
the finely-cut European physiognomy, of which this

Mycenaean fresco supplies the first authentic record, may
be regarded as a Western differentiation of the more
Eastern form.

This ethnographic result curiously corresponds with

the earliest philological evidence at our disposal. A
whole series of local names in Crete, Greece proper and
the Macedonian and Thoracian lands to the North,

represent allied but differentiated versions of names
common to Caria and a large tract of Asia Minor. Thus,
to take a conspicuous instance, the Western area supplies

a variety of names in -«///, like Korinthos, Erymanthos,
Perinthos, Labyrinthos, answering to others on the

Anatolian side having the -nd- sound, such as Kalandos,

Oromandos, Pyrindos, and Labrandos. In this, as in

its physical type and in other respects, Crete, it will be
seen, cleaves to the Greek and Thraco-Illyrian world.

My own previous researches had been a good deal occu-

pied with a class of early Cretan seal-stones containing

signs both linear and pictographic in which I ventured to

detect the rudiments of a pre-Phoenician form of writing.

In regard to this matter the excavation of the Palace at

Knossos produced a real revelation. In chamber after

chamber whole deposits came to light of inscribed clay

tablets undoubtedly representing the Royal archives.

The character of the writing was of two altogether dis-

tinct classes^one hieroglyphic and one linear. The
hieroglyphic script answered to that of the groups of

characters that I had already noticed on a series of

seal-stones of Mycenaean fabric chiefly found in Eastern
Crete. The ruder prototypes of these with simple picto-

graphic designs go back on Cretan soil to a much more
remote period, and find, as already noticed, very

early analogies on the other side of the Libyan sea.

There can be no doubt that this script in its convention-

alised form is the property of the old indigenous race of

the island, the Eteocretes of the Odyssey. The linear

writing, on the Other hand, which forms the bulk of these

Knossian archives, is of a very much more developed
form. It is upright, of great elegance and curiously

European in aspect, a certain proportion of the signs

—

some seventy of which were in common use—showing
correspondences with the syllabic characters of Cyprus
and also with the later Greek,
The pictorial illustrations which not infrequently

accompany the linear inscriptions enable us in many
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cases to learn the purport of these clay documents. They
thus are often seen to refer to the Royal stores and
arsenals, and show a decimal system of numbers akin to

the Egyptian. Others, "no doubt, are deeds and corre-
spondence like the contemporary cuneiform tablets of
Babylonia. Those relating to the Royal treasure show
ingots, vases and ox-heads of precious metal identical

with those borne by the Keft tributaries on the wall-

paintings of Rekhmara's tomb belonging to the early
part of the fifteenth century B.C., a valuable indication as
to date. The Palace of Knossos contains no element as
late as the latest prehistoric period represented at

Mycenae itself, and the date of its destruction can hardly
be brought down later than, at most, the twelfth century
BC. The most recent of the clay documents contained
within it lie at least behind that date.

The result of these discoveries is therefore to carry
back the existence of written documents on Greek soil

some eight centuries beyond the earliest known monu-
ments of Greek writing, and five even beyond the earliest

dated Phoenician record, as seen on the Moabite stone.

The whole question of the origin of writing is thus placed
on a new basis. The hieroglyphic Cretan forms supply,

in fact, exact correspondence with what in virtue of their

names we must suppose to have been pictorial originals

of the Phoenician letters. Aleph, the ox's head ; Bctk,

the house ; Daleth, the door ; He^ the window ; Vaa^
the peg—and indeed over two-thirds of the Phoenician
series find obvious prototypes among the Cretan forms.

The ingenious theory of De Rougd, which has so long
held the field, and by which the Phoenician letters were
derived by a selected process from early hieratic

Egyptian forms signifying quite different objects, becomes
henceforth untenable. The analogy supplied by the

Cretan hieroglyphs in favour of a simple and natural

derivation is at all events overwhelming.
It does not necessarily follow that the Phoenician letters

were directly derived from the Cretan ; some signs, like

that of the camel's head, certainly point to the accretion

of Syrian elements. But the correspondences are still so

great as to point at any rate to some kind of collateral

relationship. Elsewhere I have ventured to suggest that

these points of community may be due to the great /Egean
settlement on the coast of Canaan, of which the Philis-

tines stand forth as the representatives, and which has
left its abiding record in the name of Palestine. The
Biblical traditions, as is known, give the name of

"Cherethim," or Cretans to a branch of the Philistine

race ; and Caphtor, the isles or coastlands from which the

Philistines traditionally came, has been plausibly identi-

fied with Kefto, the ^gean maritime realm of the Kefts,

who on Egyptian monuments appear as the representa-

tives of the Mycenaean civilisation. Of this special con-

nection with Crete, the finds at Knossos already referred

to afford convincing evidence. Other recent discoveries

afford a singular support to these conclusions. It

has been pointed out by Dr. Wilhelm Max Miiller that

in an Egyptian list of Keft names, going back to the

Eighteenth Dynasty, appears the most characteristic of all

Philistine name-forms, Achish ; and it thus appears that

the name was known in prehistoric Knossos earlier than

in Gath. Not less significant in its way is the discovery

made during the recent excavations of the Palestine

Exploration Fund on, or near, the site of Gath, of im-

ported Mycenaean pottery in the pre- Israelite stratum.

More and more it appears that the high early ^gean
civilisation, of which Crete is now seen to be the centre,

was exercising a far-reaching influence on the coasts of

Canaan before the rise of the Phoenician commercial
power. Cadmus had sat at the feet of Minos, and the

priceless gift which in darker days of her history he bore

to Hellas, was in some respects at least a restitution of

what Greece herself had given long before.

Gaza, the chief Philistine emporium—the crossing
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point of the caravan routes between Egypt, Syria and
Southern Arabia—owed its traditional foundation to

Minos, and continued down to Roman times to worship the

Cretan Zeus. The great cave on Mount Dicta, which was
the legendary scene of the infancy of this indigenous

divinity, to whom, as we have seen, the Palace of

Knossos was also consecrated, has now been thoroughly
explored by Mr. Hogarth, and has produced a vast mass
of votive relics illustrating the prehistoric culture of Crete

from the earliest Metal Age onwards. The crevices of

the stalactite columns of the lower part of the cave were
found to have been utilised for the insertion of bronze
offerings, especially miniature figures of the double axe,

which was the particular symbol of this God. Many
stone libation tables were also found representing the

|

adaptation of early

Egyptian forms, " and
among . the votive
bronzes an Egyptian
figure of the god Amon
Ra, whose personality

presents some points

of affinity to the chief

Cretan God. Another
bronze from this site, a
miniature chariot, drawn
by an ox and a ram,
has a special interest as

an early example of a
series of votive bronzes

on wheels, in the shape
of cars and tripods, sup-

porting bowls, birds and
other objects, which
form a feature in the

remains of a wide Euro-
pean zone during the

Late Bronze and Early
Iron Age. That their

ultimate source was
Egypt appears probable
from the four-wheeled
car with the silver boat
of Queen Aah-hotep

;

but here again we see

among Cretan remains
what is probably the
earliest European ex-

ample of the class.

Once more the archaeo-

logical phenomena bring home to us the fact that we
stand here at the meeting-place of the North and South
wind. Arthur J. Evans.

without cease" (p. ix.), and (in reference to rock-systems)
"the different components of the soil of South Alaska
are all stratified " (p. 232). The picturesque passages in

the descriptions of the scenery have, however, lost their
glow and read somewhat flat, as indeed can scarcely be
avoided in a close translation. The distinctiveness of
Prof. Israel C. Russell's name seems lost under the un-
familiar initials J. C, which are used throughout the
book (except in the appendix, p. 232), although the full

name is given correctly on p. 3, Considering the high
estimation in which the citizens of San Francisco hold
their business energy, it is rather amusing to read Dr.
Filippi's impression that their city "being an agricultural
centre, is very quiet and exempt from the feverish
turmoil of the industrial Eastern States" (pp. 9-10).

THE ELIASASCENT OF MOUNT ST.
{ALASKA)}

nPHE Italian original of this work was reviewed in our
- columns a short time ago (see Nature, May 3),

and we now welcome the English translation. In the
preface we are informed that "the whole profit on the
sale of the Italian edition, together with all royalties
and rights on foreign editions, will be dedicated to an
Insurance Fund for Italian Guides."

In its present garb the story of the expedition is told
in simple and straightforward language, with only here
and there an unaccustomed term to show its foreign
origin ; e.g. " In September snow-storms continue almost

1 "The Ascent of Mount St. Elias (Alaska)." By H.R.H. Prince
Luigi Amedeo di Savoia, Duke of the Abruzzi ; narrated by Filippo de
Filippi : illustrated by Vittorio Sella : and translated by Signora Linda
Villari with the author's supervision. Pp. xii -t- 241. 34 photogravure
plates, 4 panoramic views, and 117 illustrations in text. (Westminster:
Archibald Constable and Co., 1900.)

Fig. I.—Mount St. Elias from the third Newt on Cascade,

The profuse illustrations of the original are all repro-
duced ; and in other respects this English edition is

almost, but not quite, as sumptuous as its Italian fore-

runner. In fact so handsome is it, that in spite of the
great mountaineering achievement which it chronicles,

one cannot help harbouring, like a well-known essayist
under similar circumstances, a lurking desire to strip it

of its fine coat to re-clothe some ragged veteran of
greater intrinsic consequence. G. W. L.
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JOHN ANDERSON, M.D., LL.D., F.R.S., &-c.

"DY the death, on August 15, of Dr. John Anderson,
-L^ in his sixty-seventh year, a serious loss has been
inflicted on zoological science. Amongst the zoologists

of this and other countries. Dr. Anderson was widely
known and warmly esteemed. The particular branch of
inquiry to which for many years before his death he had
devoted himself, the investigation of the Vertebrata of
Egypt, could only be successfully carried on by a
naturalist who, in addition to experience in collecting,

had both time and funds at his command, and who
also possessed sufficient energy and tact to ensure the
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^assistance of highly-placed Government officials. All these

advantages Dr. Anderson combined in an unusual degree,

and although it is to be hoped that the work he left

unfinished will not be brought to an end by his death,

there can be no question that the want of his guiding

hand in the enterprise will be severely felt.

Dr. Anderson's scientific work consisted of two dis-

tinct parts. From 1865 to 1886 he was at the head of the

Jndian Museum, Calcutta, and chiefly engaged in the

collection, arrangement and study of Indian and Burmese
Vertebrata. After his retirement from India, in 1886,

the subject which occupied him principally, and of late

years exclusively, was, as already mentioned, the study
of the fauna inhabiting Egypt and the Nile valley.

He was the son of Thomas Anderson, a banker of

Edinburgh, and was born on October 4, 1833. His elder

brother. Dr. T. Anderson, was in the medical service of

the East India Company, became well known as a
botanist, and was for some years superintendent of the

feotanical Gardens, near Calcutta. After passing through
the medical course in the University of Edinburgh, John
^nderson received a gold medal and the degree of Doctor
of Medicine in 1861. For a couple of years he held the

Professorship of Natural Science at the Free Church
College, Edinburgh, and he went to Calcutta in 1864.

;
His arrival in Calcutta was at a fortunate time. The

JAsiatic Society of Bengal had gradually come into the

f')ossession of a large collection, not only of the archaso-

ogical remains, manuscripts, coins and similar objects,

for the study of which the Society was originally estab-

lished, but also of zoological and geological specimens
in large numbers. In the course of the preceding quarter
of a century the collections had increased, chiefly through
the work of Edward Blyth, the curator, until the Society's

premises were crowded, and the Society's funds no longer

sufficed for the proper preservation and exhibition of the
specimens collected. After long negotiations, interrupted

"by the disturbances of 1857, arrangements were com-
pleted in 1864 by which the archsological and zoological

collections of the Society (the geological specimens had
been previously transferred) were taken over by the

Government of India, who undertook to build a new
museum in Calcutta, of which the Society's collections

'would form the nucleus. The trustees appointed by the

Government to manage the new museum asked the

Secretary of State for India to select a curator, and
Dr. J. Anderson was nominated for the post early in

1865. His status was changed, a i&'H years later, to that

of superintendent of the museum, and in addition to his

museum work he became Professor of Comparative
Anatomy at the Medical College, Calcutta. He held
both offices until his retirement from India in 1886.
- The time at which Dr. Anderson arrived in India was
fortunate in another respect. It coincided with a great
impulse given to Indian zoology by the publication of

Jerdan's "Birds of India," the last vplume of which
appeared in 1864, and with the presence in Calcutta

of a larger number of men interested in the study of
the fauna than were assembled there at any time before

or since. Amongst these men were Jerdan himself,

Ferdinand Stoliczka, Francis Day, and Valentine Ball,

all of whom have now passed away. Probably at no
time has so much progress been made in the study of

Indian Vertebrata as in the years 1864-74, and in this

work Dr. Anderson took an important part.

The new Indian Museum, which now towers over the
other buildings of Chowringhee, was not ready for occu-
pation till 1875, but meantime Dr. Anderson had been
busily engaged in adding to the zoological collections

and in getting them into order. One of his first tasks
was the bringing together of an ethnological series, for

which the conditions of Calcutta are favourable. Amongst
other important additions made by him was that of a
fine series of human skulls representing various Indian
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races. Another very valuable museum series brought
together by him consisted of a good collection of Indian
Chelonia ; skeletons, carapaces and stuffed specimens.
The work in Calcutta was interrupted by two important

expeditions to Upper Burma and Yunnan, to both of
which Dr. Anderson was attached as naturalist and
medical officer. Both expeditions were designed to pass
through China to Canton or Shanghai, but in neither
case was it found practicable to carry out the original

plan. The first expedition, commanded by Colonel E. B.
Sladen, left Calcutta at the end of 1867, proceeded as
far as Momein in Yunnan, and returned to India in

November 1868 ; the second, under the command of
Colonel Horace Browne, left in January 1875, but was
treacherously attacked by the Chinese before it had pro-

ceeded more than three marches beyond the Burmese
frontier, and compelled to return, Mr. Margery, of the
Chinese Consular Service, who had been despatched to

accompany the mission, and who had preceded it by a
march, being murdered with several of his followers. The
difficulties experienced by both missions from the time they
crossed the frontier between Burma and China, and the
opposition of the inhabitants of the country, seriouslyinter-

fered with zoological observations, and the collection

of specimens was generally impossible ; but still

some important additions were made to the previous
knowledge of the fauna. A full account of the journey
was given in Dr. Anderson's reports and in a work by
him, entitled " Mandalay to Momein," published in 1876.

The detailed observations on zoology, supplemented
by important notes on some Indian and Burmese
mammals and chelonians, were published in 1878-9,
under the title of "Anatomical and Zoological

Researches, comprising an Account of the Zoological

Results of the two Expeditions to Western Yunnan in

1868 and 1875, 3.nd a Monograph of the two Cetacean
Genera, Platanista and Orcella." The work appeared
in two quarto volumes, one consisting of plates. Dr.

Anderson was the first who succeeded in obtaining

specimens of the porpoise {Orcella) inhabiting the Irra-

waddi, and the examination of this previously undescribed
form led him to make a thoroug:h anatomical investigation

of an allied species occurring in the Bay of Bengal and
in the estuaries of rivers flowing into the bay, and also

of the remarkable cetacean, Platanista^ inhabiting the

Ganges, Brahmaputra and Indus.

The only other important collecting expedition under-

taken by Dr. Anderson during his tenure of the super-

intendentship of the Indian Museum was to Tenasserim
and the Mergui Archipelago in 1881-2. This journey was
chiefly, though by no means exclusively, undertaken for

the collection of marine animals, and the descriptions of

the results, to which several naturalists contributed, were
published first in \h& Journal of the Linnean Society, and
subsequently as a separate reprint in two volumes, under
the title of " Contributions to the Fauna of Mergui and its

Archipelago." This appeared in 1889. Dr. Anderson's

share was the description of the Vertebrata and an account

of the Selungs—a curious tribe inhabiting some of the

islands ; but in connection with his visit to Mergui, and
as part of a general description of the fauna which he
had at first proposed to publish, he prepared an account

of the history of Tenasserim, formerly belonging to Siam.

This historical resume, which deals especially with

British commercial and political intercourse with

Siamese and Burmese ports, was compiled mainly from

the manuscript records of the East India Company,
preserved in the library of the India Office, and was
published in 1889 in a separate volume, entitled " English

Intercourse with Siam." The book forms a well-written

and interesting chapter of the history of British progress

in Southern Asia.

Besides the works already mentioned and many
papers, descriptive of mammalia and reptiles, which
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were published in the Journal of the Asiatic Society of

Bengal and in the Proceedings of the Zoological Society

of London, Dr. Anderson wrote two catalogues on very
different subjects for the museum under his charge in

Calcutta. Of these, one was the first part of the " Cata-
logue of Mammals,'' published In 1881, the other the

'Catalogue and Handbook of the Archaeological

Collection" which appeared in 1883.

Dr. Anderson was elected a Fellow of the Royal
Society in 1879, and retired from the Indian Service in

1886. He had married a few years previously, and after

retiring he travelled with his wife to Japan. Finally he
settled in London, but for the remainder of his life his

health was somewhat precarious, and he passed several

winters in Egypt. Here he took up the study of the

mammals and reptiles, which had received but scant

attention since the early part of the century, when the

great and superbly illustrated French work on Egypt
appeared—a work which, brilliantly begun by Savigny
and others, was never adequately completed.
To the work of collecting, examining, figuring and

describing the Mammalia, Reptilia and Batrachia of

Egypt, the later part of Dr. Anderson's life, when he
was well enough for work, was mainly devoted. He also

paid some attention to the fauna of the neighbouring
countries, and in 1898 published "A Contribution to the

Herpetology of Arabia," founded on the collections of

the late Mr. J. T. Bent and others. The first part of

the important work he had intended to produce on the

zoology of Egypt, containing an account of the physical

features of the country and descriptions of the Reptilia

and Batrachia, appeared in 1898. It is a fine quarto
volume with excellent figures, many of them coloured.

He had made large collections and notes for the volume
on Mammalia, and these it is hoped will be published in

due course.

One of the last undertakings in which Dr. Anderson
engaged, as soon as the Upper Nile valley was once more
thrown open to civilisation, was the systematic collec-

tion and description of the fish inhabiting the river and
its tributaries. That this important work (of which a
notice appeared in NATURE of February 23, 1899) is now
being carried out with warm interest and assistance from
the Egyptian Government, must be attributed to Dr.
Anderson's foresight, zeal and skilful advocacy. Both in

our Indian Empire and in North-eastern .A.frica, Dr.
Anderson contributed much to the solution of one of
the chief biological questions of the present day, an
accurate knowledge of the distribution of animal life.

W. T. B.

NOTES.
A NEW instance of the want of encouragement, and often

opposition, which scientific work receives in this country is

given by Major Ronald Ross in a letter in Monday's Times. It

appears from a correspondence just published, that in 1898 the

Secretary of State for India refused to permit officers and

soldiers to undergo voluntary inoculation against typhoid. It

is known to our readers that Dr. Wright, professor of pathology

at Netley, elaborated the system of inoculation against typhoid

so long ago as 1896. The treatment is based on the soundest

scientific principles, and substantial evidence of its value as a

preventive measure had been obtained by laboratory experiments.

It is entirely free from danger, and there would have been no diffi-

culty in obtaining numerous soldiers to undergo inoculation with

Dr.Wright's typhoid vaccine. From the results of the inoculations

which might thus have been made three years ago, results would
have been obtained which could have been utilised in the recent

war in South Africa, and might have been the means of saving

hundreds of lives. But unfortunately for the army as well as

for science, officers and soldiers appear to have been forbidden
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to submit themselves for inoculation. In other words, a reaJ

success against disease might have been scored, and in any case

the information gained would have been of value in making

further efforts to diminish mortality from typhoid, but the officials-

who should have done everything in their power to assist the

work, deliberately stopped it by hampering the freedom of the

persons who would most benefit by the treatment. It is difficult

to understand this singular action, and Major Ross has done a

public service by directing attention to it.

It was announced in Nature several months ago (p. 230)

that Dr, L. Sambon and Dr. G. C. Low, of the London School of

Tropical Medicine, had arranged to live from May to the end of

October—that is, during the malarial season—in a part of the

Roman Campagna, near Ostia, where scarcely a person spends a

night without contracting malarial fever of a virulent type. No
quinine or other drug was to be taken as a precautionary

measure, but the investigators were to live in a mosquito-proof

hut from an hour before sunset to an hour after sunrise, so as to

avoid being bitten by mosquitoes, which only feed during the

night. The experiment was planned to test the reality of the

connection between malaria and mosquitoes, and we learn from

the British Medicaljournal that it .has been most successful. On
September 13, Prof. Grassi visited the residence of the investi-

gators with several other men of science, and gave his testimony

as to the value of the experiment in the following telegram to

Dr. Manson :
" Assembled in British mosquito-proof hut, having

verified perfect health experimenters amongst malarial stricken in-

habitants, I salute Manson who first formulated mosquito malarial

theory.—Grassi." So far as the experiment has gone, therefore^

the result is entirely satisfactory, and affords the strongest support

to the mosquito theory of malaria. Additional evidence is given

by Dr. Elliott, a member of the Liverpool expedition sent to

Nigeria some time ago to investigate the subject of malarial

fever, who has recently returned to this country. He reports

that the members of the expedition have been perfectly well,

although they have spent four months in some of the most

malarious spots. They lived practically amongst marshes and

other places hitherto supposed to be the most deadly, and they

attribute their immunity to the careful use of mosquito nets at

night.

Another experiment arranged in connection with their

malarial investigation in the Campagna is described in the

British Medical Journal. Drs. Sambon and Low have shown

that by avoiding mosquitoes they avoid malaria ; but this is, after

all, only negative evidence, and its full value can only be

appreciated in connection with the actual production of malaria

in a healthy person in this country by the bites of mosquitoes

containing the germ of the disease. This evidence is now forth-

coming. We learn from our contemporary that a consignment

of mosquitoes which had been fed on the blood of a sufferer frorr>

malaria in Rome, under the direction of Prof. Bastianelli, was

received in London early in July. A son of Dr. Manson, who

offered himself as a subject for experiment, allowed himself to

be bitten by these insects, and, though he has never been in a

malarious country since he was a child, he is now suffering from

well-marked malarial infection of double tertian type, and

microscopical examination shows the presence of numerous

parasites in his blood. Full details of the experiments will be

published in due course ; meanwhile, they must be regarded aa

affording the most striking confirmation of the transmission of

malaria by mosquito bites that has yet been obtained.

Dr. L. A. Bauer, in charge of magnetic work of the U.S.

Coast and Geodetic Survey, has gone to Alaska and to the

Hawaiian Islands, in order to select the sites for the magnetic

observatories in those regions. The principal or standard
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magnetic observatory is now being erected sixteen miles to the

south-east of Washington City, and a fourth observatory is,

temporarily, in operation at Baldwin, Kansas. The last named
observatory is central to the area being surveyed by four mag-

netic parties, and it will be shifted about in the western States

according to the requirements of the magnetic survey. . It is

the intention to have the four observatories ready in time to

co-operate with the Antarctic expeditions.

In connection with the usurpation of swallows' nests by house

Sparrows, Mr. J. H. Allchin sends a description of a swallow-

cumsparrow's nest seen by him at Dymchurch, in the Romney
Marsh. The original nest was built on a beam immediately

under the corrugated iron roof of a shed, but the usurpers had
so completely covered it with straw, grass, feathers, fibres and
other materials, that it was almost impossible to see any portion

of it. Mr. Allchin remarks : "I have seen other nests of

swallows which had been taken possession of by sparrows, but

in those instances the only evidences of occupation were bits of

straw or grass sticking out of the entrance ; this is the first one

I have seen covered over so thoroughly as to completely hide

he work of the original builders.

. Another successful experiment with electric traction on
railways is reported from Germany, the line being from Berlin

to Zehlendorf on the new Wannsee railway. The train in

question (says Feilden^s Magazine for September) was equipped

as if actually running to scheduled time. It was furnished with

a motor car at each end, the work of propulsion being divided

equally between them, the advantage claimed for this being

that the reversing of the train becomes unnecessary at the end
of each journey. Eight ordinary cars were employed in

addition, seating in all 400 passengers. These experiments are

to be continued over a period of one year, at the termination of

which it is expected that the question will be decided whether
or not electric propulsion is to be wholly substituted for steam

power, while at the fsame time much useful data will be

gathered. An advantage already claimed is that electric

motive power is about 15 per cent, cheaper than steam, and
also at higher velocities the chance of accidents is supposed to

be less. A train of this description is at present on trial in this

country, and it will be useful to compare notes from each when
the material is available.

From all quarters we learn that the present season has been

remarkable for the appearance of numerous specimens of the

clouded yellow butterflies (Colias edusa and C. hyale), as well

as the holly-blue [Lycaena argiohis). During one country walk
of three miles in Cambridgeshire, on August 13, the present

writer saw three hyale and one edusa ; in a garden near Brighton

a holly-blue was seen on September 4, and many collectors

report having obtained fair series of one or both of the two
yellows in a day's hunting. From Science Gossip we learn that

the variety helice of C. edusa has occurred in some numbers in

clover fields in east Essex. The year 1892 will be remembered
as the last occasion on which C. edusa occurred in abundance,

but the present season is characterised by the comparative

frequency of the pale species hyale, which was far less plentiful

in 1892. The humming-bird moth {Macroglossa stellatarum)

appears to have been gaining rather more than the usual

notoriety in the daily papers which it has received ever since,

some thirty years ago, the late Rev. J. G. Wood, in his

"Common British Moths," wrote: "This moth, which is

tolerably common, has been very familiar to the public of late

years on account of the many letters which have appeared in

the daily journals, much to the amusement of practical entomo-

logists, who have been too familiar with the insect in question

to think it worth a special notice."
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Dr. Antonio Porta communicates to the Rendiconti del R.
Istituto Z^W(^ar,fi7 certain studies on the anatomy of the common
frog-hopper {Aphrophora spuuiaria, L.) having especial refer-

ence to the secretion of froth, so well known to all gardeners.

The author finds that the apparatus which secretes the frothy

liquid in A. spiimaria, and possibly in other species, consists

of hypodermal glands scattered over the back and especially

near the stigma, that the corpus ovilis is perhaps in relation

with the secretion of froth, that the mass of cells found in the

latero-ventral position collect and perhaps produce material of

which the animal makes use in the elaboration of the secretions,

and that the glandular epithelium of the seventh and eighth

segments serve as supports for minute appendages of a branchial

character, which have disappeared in Cicadx and Nepa, thus

confirming the hypothesis of Wheeler.

In view of our knowledge of the influence of radiant energy

on electrically charged bodies, much interest attaches to the

question whether a solar eclipse has any marked eff'ect on

atmospheric electricity. Dr. Julius Elster made observations

during the last total eclipse at Algiers, and remarked an im-

portant fall of the potential of atmospheric electricity at and

slightly after the totality. The observations are given in the

last number of the Memoirs of the Societa degli Spettroscopisti

Italian!. On the other hand, Dr. Emilio Oddone describes, in

the Reudiconti del R. Istitttto Loinbardo, observations made with

an electrometer at Pavia, where during the last eclipse eight-

tenths of the solar diameter were obscured. The results were

of a negative character. Before the eclipse, high negative

potentials were observed, which were attributable to clouds

accompanying a distant thunderstorm ; but during the eclipse

the variations in the electrostatic potential seem to have been

similar to the ordinary diurnal variations. It thus appears that

the eclipse exercised no very marked influence on the electric

state of the air ; but whether any portion of the observed varia-

tions was attributable to this cause is a question which it would

be difiicult to answer.

Mr. David Robertson has communicated to the Proceedings

of the Philosophical'Society of Glasgow a short note on the

equilibrium of a column of air and the atmospheric temperature

gradient, in which the adiabatic formula for the maximum
gradient consistent with stability is established in a simple

manner.

Parts 10 to 12 of the Meddelandenfran Lunds Astronomiska

Observatoriuvi contain several papers on mathematical astro-

nomy. One, by T. Broden, deals with some probability

considerations relating to the convergence of certain continued

fractions, a problem treated by Gyelden in 1898. Certain

librations in the planetary system are the subject of a paper by

C. V. L. Charlier, while G. Noren and J. A. Wallberg contri-

bute lengthy formulae for the development of the disturbing

function in its canonical elements.

No. 1 10 of Ostwald's " Klassiker der exacten Wissenschaften
"

(Leipzig, Wilhelm Engelmann, 1900) is a reprint of J. H. van't

Hoff"'s papers on the laws of chemical equilibrium. The three

papers in question are those communicated in French to the

Swedish Academy of Sciences about the year 1885, and deal

with the laws of chemical equilibrium in attenuated systems, a

general property of attenuated media, and the electric conditions

of chemical equilibrium. The present book is a translation of these

papers by Georg Bredig, and an appendix of twenty pages con-

tains a brief biographical notice of van't Hoff" and numerous

notes, both historic and explanatory.

In the course of a paper on the various forms of phosphor-

escence, in the Revue Scientifique for September 8, M. Gustave

Le Bon describes a dark lamp ("lampe noire ") for the produc-
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tion of invisible radiations of great wave-length in connection

with the study of phosphorescence. Among other experiments

performed with this lamp, the following is very striking :—In an

absolutely dark room, a dark lamp is placed on a table, this

lamp not transmitting any trace of visible light. In front of it,

M. Le Bon places a statuette covered with sulphide of lime that

has been left in darkness for several days, and consequently

retains no trace of phosphorescence. After about a couple of

minutes the statuette becomes luminous, and appears to emerge

from the darkness.

The director of the Meteorological Observatory at Ponta

Delgada, St. Michael, has published an interesting report on

the proposed establishment of an international meteorological

service at the Azores, including a history of the observations in

those islands, and a chart showing the tracks of a number of

storms which have visited that part of the North Atlantic

daring the last five years. The first regular observations were

made at Angra (Terceira) in 1864. at Ponta Delgada in 1865,

and at Santa Cruz (Flores) in 1897. The observations at Ponta

Delgada are now regularly published in the Daily Weather

Report issued by the Meteorological Council. Since the year

1893 six of the islands have been in telegraphic communication

with Lisbon, and eventually cables will be laid to England,

Germany, and the United States, and Flores will be connected

with the other islands. The direct communication of observa-

vations between America, the Azores and this country cannot

fail to be most useful both to science and to shipping ; and,

although the chart above referred to shows that most of the

depressions passing the archipelago strike the coasts of Europe

considerably south of the British Islands, a knowledge of the

positions and movements of the larger areas of high and low

barometric pressures in the North Atlantic must be of prime

importance for the purpose of storm prediction.

It is well known that while country-folk adhere to the old

idea that adders when frightened are in the habit of protecting

their young by swallowing them, a large number of naturalists

regard the feat as an impossibility. In the September number
of The Zoologist Mr. G Leighton, a well qualified anatomist, has

set himself the task of ascertaining whether there is any founda-

tion for the objection. And he arrives at the conclusion that

there is no anatomical reason why the oft-repeated statement of

country observers should not be founded on fact. The author

concludes by stating that the objection raised on the ground that

the swallowing is unnecessary is a mere matter of opinion, adding

that all that is now necessary is for a competent authority to

dissect an adder which has been observed to swallow its young.

" Until this is done scientific naturalists will continue to regard

the question as one capable of proof, if true, but hitherto

unproved."

The eminent physiologist Dr. Gustave Loisel has communi-
cated CO the Revue genh-ale des Sciences of September 15 a long

and able letter urging the importance of establishing a course of

instruction in practical embryology in the new French Universi-

ties. For a considerable time it appears that this subject has

been taught to a certain extent in some of these institutions
;

but, for various reasons, it has not hitherto been made a part of

the regular curriculum in all. After pointing out its extreme

importance to students of medicine, anatomy, and gynaecology,

Dr. Loisel formulates his appeal as follows : (i)That a single

course of elementary embryology, embracing both that of man
and of other vertebrates, should be established in each Uni-

versity, and that the necessary apparatus should be provided ;

(2) that this course should be instituted in a manner which

would serve the needs of all students to whom a knowledge of

this subject is of importance in their future career. These reso-

lutions, we are glad to see, have been unanimously adopted by
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the Section of Medicine at the recent Congress, and we may
therefore hope that this important addition to the teaching of

the Universities may shortly be in working order.

We have received vol. vii. pt. I of the Transactions of the

Norfolk and Norwich Naturalists' Society, which contains a

number of papers on local topics.

In the Victorian Naturalist iox August, Mr. A. J. North

describes a new genus and species of Australian Passerine bird

as Eremiornis carteri, while Mr. R. Hall continues his

valuable notes on the distribution of the birds of Australia.

We have received the autumn number of Bibhy's Quarterly^

a journal issued at Liverpool ostensibly for the advertisement of

certain agricultural and other commodities, but which contains

a number of very interesting and well illustrated articles dealing

with stock-raising and kindred subjects. Among these, one

treating of ostrich-farming should attract general attention.

The September issue of the Annals of the South African

Museum is devoted to the commencement of a synopsis of the

moths of South Africa, by Sir G. F. Hampson. South Africa

is the oldest British possession of any considerable size which

has hitherto never had a catalogue of its indigenous moths,

and as there are now many collectors in the country. Sir George

Hampson has been well advised in endeavouring to supply an

acknowledged want.

The "British Anti-Dubbing Association" has forwarded to

us an influentially signed letter respecting the cruel practice of

cutting the combs and wattles of game-fowls. In spite of the

fact that the practice is already illegal, and that birds which

have been "dubbed" are ineligible for prizes at the British

Dairy Farmers' Association show, it is still largely prevalent.

It is now hoped that by bringing the matter into prominent

notice, the pressure of public opinion may be brought to bear

upon the promoters of poultry-shows, so as to disqualify all

mutilated birds from being classed.

The present boundaries in North-west Bohemia between the

districts in which pure German, pure Tschech (Chekh), and the

various mixtures of these languages are spoken, are clearly

indicated by Dr. J. Zemmrich on a map in Globus (Bd. Ixxviii.

p. loi) which illustrates his paper on that subject.

The disposal of the dead is an important subject of ethno-

graphical inquiry ; therefore thanks from students are due to Mr.

W. Crooke for his paper on " Primitive rites of disposal of the

dead, with special reference to India," in the Journal of the

Anthropological Institute (vol. xxix. p. 271). Nearly every

form of burial is practised in India, and Mr. Crooke has given

full references for every statement he has made.

From Dr. Thurston's report on the administration of the

Madras Museum for the year 1899-1900,- we learn that the

general progress of that institution is satisfactory. Anthropo-

logists will be pleased to hear that the superintendent has

found time to continue his valuable investigations concerning

the various races met with in the Presidency, those which have

recently engaged his attention being the Pathan, Sheik and

Saiyad Muhamadans of Madras city.

In the Abhandlungen der Naturwiss. Gesellsch,, /sis, 1900,

Prof. J. Deichmliller describes a find of three broken urns and a

stone axe of Neolithic age from near Dresden ; these urns

and two others described in the paper are decorated with incised

lines. The same author also describes a late Slavic cemetery at

Niedersedlitz of a date about iioo of our era. The single

measurable skull was meso-orthocephalic, with a cephalic index

of about 787.
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A RECENT number of the Abhandbmgen of the Vienna

Geographical Society consists of an important paper, by Prof.

Dr. J. Cvljik, of Belgrade, forming the first part of a study of

the gliciation and morphology of parts of Bosnia, Herzegovina

and Montenegro. The memoir, which it is impossible to

summarise in a note, is illustrated by nine maps.

Chikf Constructor Kretschmer publishes in the j1/a;r/«i5-

Rnndschau a paper on the German Antarctic Expedition. The
pper deals first with the chief difficulties of Antarctic explor-

a'ion, the achievements of former expeditions, and the general

scheme of work to be undertaken by the expeditions now being

fitted out. The second part is of special interest from the

minute details and numerous drawings given of the design and

construction of the vessel now being built for the German
Expedition. We have also received a reprint of Mr. W. S.

Bi ice's paper in the June number of the Scottish Geographical

Migazine, giving an account of the proposed Scottish National

Antarctic Expedition.

A descriptive catalogue of a collection of the economic

minerals of Canada, exhibited at the Paris Exhibition, has been

prepared under the direction of Dr. G. M. Dawson. This will

be a useful work of reference. It is interesting to note that the

collection includes samples of lithographic stone.

The Proceedings of the Geologists' Association for August

1900 contains some highly interesting notes on the geology of

the English Lake District, by Mr. J. E. Marr. The notes,

which were prepared for the summer excursion of the Association,

embody the results of work carried out for many years by Mr.

Marr, partly in conjunction with Mr. A. Ilarker. While sup-

porting the generally accepted views of the succession of the

older Palaeozoic rocks, the facts now brought forward indicate

that the disturbances to which these rocks have been subjected

are due to the pushing forward of the strata in a northerly

direction at uneqzial rates. Under these conditions the Skiddaw
Slates moved furthest forward, causing the Green Slates and

Porphyries to " lag behind," and the Upper Slates (Silurian,

with Coniston Limestone at base) to lag behind the Green Slates

and Porphyries. The peculiar faulting attending these dis-

turbances is specially described. The intrusive igneous rocks

and their metamorphic effects and other subjects are also dealt

with.

In the same number of the Proceedings there is a paper, by

Mr. G. E. Dibley, on zonal features of the chalk pits in the

Rochester, Gravesend and Croydon areas. The author has

laboured long and enthusiastically in collecting from the various

zones, and the results which he now publishes in notes, and in a

carefully arranged list of fossils, form an important addition to

our knowledge of the life-history of the chalk. An interesting

bone, which he obtained from the Middle Chalk of Cuxton, is

described by Mr. E. T. Newton as probably belonging to the

Rhynchocephalia, a group of lizard-like animals, which in-

cludes the living New Zealand Hatteria and the Triassic

Hyperodapedon.

The Transactions of the American Microscopical Society for

1899 (vol. xxi.), contains a number of interesting articles on
microscopic objects, zoological and botanical, together with a

smaller number on microscope construction and laboratory

apparatus.

In the Agricultural Gazette of New South Wales for August, we
notice a number of papers of interest and value for farmers and
horticulturists in the Colony. Much information is contained in

this and in previous numbers on the diseases to which domestic

animals and cultivated crops are liable, and on the best methods
for their treatment.
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The parts most recently received of Engler's Botanische

Jahrbiicher are Heft 4 of. vol. xxviii. and Heft 2 of vol. xxix.

Besides a few shorter articles, these parts are almost entirely

occupied by two important descriptive papers — a continuation of
the editor's report on the results of the German Nyassa expedi-

tion, and one by D. Diels on the flora of Central China.

The Bulletin of the Imperial Society of Naturalists of Moscow,
No. 4 for 1900, contains several interesting botanical papers in

German. Of these the most important is the second of a series

by W. Arnoldi on the morphology and history of development

of the Gymnosperms. The present paper is devoted to the

process of fertilisation in Sequoia
( Wellingtonia), and is a link

in the chain of the numerous and most important observations of

recent years which connect the process of impregnation in

Gymnosperms with that in Vascular Cryptogams on the one
hand, and that in Angiosperms on the other hand.

The third annual dinner of the association of old students of

the Central Technical College will be held on Tuesday, Octo-

ber 2nd, at the Restaurant Frascati, Oxford-street. Old students

can obtain further particulars from the honorary secretary, Mr.
M. Solomon, 12, Edith-road, West Kensington, W., to whom
all applications for tickets should be made.

The three parts of vol. xxxix. of the Transactions of the

Royal Society of Edinburgh, which have just been issued, con-

tain several very valuable papers read before the Society during

the sessions 1897-98 and 1898-99. All the papers have been

published separately, and most of them have been reviewed ir>

Nature, or briefly described in the reports of the meetings of

the Society.

Messrs. Bailliere, Tindall and Cox have published the

fifth edition of "A Synopsis of the British Pharmacopoeia,"^

compiled by Mr. H Wippell Gadd, with analytical notes and

suggested standards by Mr. C. G. Moor. This little pocket-

book is widely appreciated : it contains a complete table of

chemicals, drugs and preparations in the official "Pharma-
copoeia," with their character, doses, &c., as well as other

information arranged in a convenient form.

The additions to the Zoological Society's Gardens during the

past week include a Mona Monkey {Cercopithecus mona,^)
from West Africa, presented by Mrs. C. Campbell ; a Red-footed

Ground Squirrel {Xerus erythropus) from West Africa, pre-

sented by Dr. Oswald Horrocks ; a Grey Ichneumon (Hetpestes

griseus) from India, presented by Captain W. H. Rotheram,

R.E. ; a Plantain Squirrel (Sciurus plantani) from Java, pre-

sented by Mr. H. H, Goodwin ; two Dusky Ducks (Anas ob-

scura) from North America, presented by Mr. W. H. St.

Quintin ; a Peregrine Falcon {Falco peregrinus), European, pre-

sented by Mr. A. L. Jessopp ; three Jays {Garrulus glandartus),

British, presented by Dr. R. B. Sharpe ; four Pheasants

(Phasianus colchicus), British, presented by Mr. F. Larratt ;

two Western Yellow-winged Laughing Thrushes {Trochalop-

terum nigrimentuni), a Rufous-chinned Laughing Thrush {Ian-

thocincla rufigularis), a Slaty-headed Scimitar Babbler

(Pomatorhinus schisticeps), a Black-throated Ouzel (Merula

strigularis), two Tickell's Ouzels {Merula unicolor), a Spotted

wing (Psaroglossus spiloptera) from British India, presented by

Mr. E. W. Harper ; a Blue and Yellow Macaw (Ara araraund)

from South America, presented by Mr. Randolph Berens ; a

Red Tiger Cat (Felis chrysothrix), a Leopard (Felis pardus)^

two Rose-ringed Parrakeets {Palaeornis docilis) from West

Africa, a Yellow-crowned Troupial (Icterus chrysocephahis),

a Yellow-backed Troupial [Icterus croconotus) from South

America, an Alpine Marmot (Arctomys marmotta), two Cross-

bills (Loxia curvirostrd), European j ten Elephantine Tortoises

( Testudo elephantina) from the Aldabra Islands, deposited.
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OUR ASTRONOMICAL COLUMN
Astronomical Occurrences in October.

Oct. 6. I3h. 35m. to I4h. 29m. Moon occults k Piscium
(mag. 5).

9, lOh. 42m. Minimum of Algol (3 Persei).

II. 6h. Sim. Transit (egress) of Jupiter's Sat. III.

11. 8h. 47m. to 9h. 25m. Moon occults ta^ Tauri
(mag. 4-6).

12. 7h. 30m. Minimum of Algol (3 Persei).

12. i8h. 36m. to I9h. 23m. Moon occults f Tauri
(mag. 3).

13. I5h. to i5h. 43m. Moon occults v Geminorum
(mag. 4).

15. Venus. Illuminated portion of disc = 0*637.

15. Mars. ,, ,, ,, = 0*902.

16. I7h. 26m. to i8h. 30m. Moon occults k Cancri
(mag. 5).

17. Saturn. Outer minor axis of outer ring = 16" '68.

19. loh. Conjunction of Jupiter and Uranus. Jupiter,
o' 25' N.

19-21. Epoch of Orionid meteoric shower. (Radiant
91'+ IS'.)

26. I2h. Conjunction of Jupiter and moon. Jupiter,
o" 27' S.

28. 6h. 2im. Jupiter's Sat. IV. in conjunction S. of

planet.

28. Probable date of perihelion of Barnard's comet
(1884 II.).

29. 8h. 27m. to 8h. 46m. Moon occults d Sagittarii

(mag. 4-9).

29. i6h. Mercury at greatest elongation (23° 46' E.).

The Fireball of Sunday, September 2, 6h. 54m.—
A very large number of observations of this brilliant object were
made, but they were not very exact, as the meteor appeared in

daylight. The radiant point was probably in Cepheus at about
334° + S?"'. The object, during its visible flight, appears to have
descended from a height of eighty-five miles over Richmond,
Vorks., to twenty miles over Fleetwood, Lanes., and to have
traversed a path of eighty-fi:)ur miles. Another fine meteor was
observed on Sunday evening, September 16, at 8h. 44m., and
descriptions have come from London, Birmingham, Oxford and
Llanelly. The radiant was in the southern sky between
Capricornus and Piscis Australis at 324° - 25°. The meteor fell

from about fifty miles over Bewdley to thirty-two miles over
Wigan, and had a visible course of eighty-six miles. The
velocity is somewhat doubtful.

Ephemeris for Observations of Eros :

—

Sept.

JO.
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result given indicates that when carbon is added by the cement-

ation process, the phosphide, when in large quantity, is thrown,

not only out of solution, but escapes entirely out of the metal as

aliqaid eutectic leaving a constant residuum behind. A method

is described by which phosphorus compounds in pig iron can be

identified by means of the microscope. This consists in simply

heating the polished surfaces to about 300° C. for a few

minutes, when each constituent takes a different oxidation tint.

The iron acquires a sky-blue colour, the carbide a red-brown

and the phosphide compound a pale yellow. The coloured

sections are of great beauty. Many results are given showing

how the solid phosphide diffuses in solid iron, and showing that

under suitable conditions well-formed crystals will grow in solid

metal.

Mr, H. Bauerman's paper on iron and steel at the Universal

Exhibition, Paris, 1900, was prepared mainly for the use of the

members of the Institute visiting the Exhibition during the meet-

ing. It contained a critical description of the more prominent

metallurgical exhibits, and forms a valuable record of the con-

dition of the metallurgical industry at the close of the century.

On September 19, the remaining papers on the programme
were dealt with. Chief among these was that by Mr. E. F.

Lange, on a new method of producing high temperatures. The
principle underlying the process, which is the outcome of re-

searches made by Dr. H. Goldschmidt of Essen, is not new, as

It is based upon the heat energy developed by the chemical

action of aluminium upon oxygen, or rather that between
aluminium and certain metallic oxides. The practicability of the

process was clearly shown by the welding together during the

meeting of two short lengths of heavy girder rails. The method
not only opens up a new field for aluminium but also promises

to be of considerable importance in engineering work. In the

discussion Sir William Roberts-Austen pointed out the extreme

precision with which the reduction took place, and Sir Lowthian
Bell dwelt on the value of the process if it should prove that

carbonless iron could be obtained by it for electrical purposes.

The paper by Mr. A. L. Colby, of Bethlehem, United States,

on American standard specifications and methods of testing iron

and steel, embodied the results of over a year's work by a com-
mittee of American experts, conducted with a view to the adop-

tion of international standards. Some of the specifications

were criticised by Mr. R. A. Hadfield. The engineer, he
thought, was encroaching on the field of the metallurgist. In-

teresting contributions to the discussion were made by Mr. C. P.

Sandberg and by Dr. Dudley, of Pennsylvania.

In a paper on the influence of aluminium on the carbon in

cast-iron, Mr. G. Melland and Mr. H. W. Waldron gave the

results of an elaborate research in which they endeavoured to

detertpine the amount of aluminium which is necessary to pro-

duce the maximum separation of graphite in a white pig-iron as

free as possible from silicon and other impurities, and to ascer-

tain, by casting every melting both in sand and in chill moulds,

the effect produced by slow and rapid cooling upon the mode of

existence of the carbon in the metal with amounts of aluminium
varying from 0'02 to 12 per cent.

In the paper by Mr. Louis Katona, of Resicza, Hungary, the

various disadvantages of the rolling-mills now in use were dis-

cussed, and suggestions were made for obviating them with a

view to increasing the output and lessening the fuel con-

sumption.

In a lengthy paper on the constitution' of slags, which was
taken as read, Baron H. von Jtiptner discussed iron slags from

a modern point of view, and described the varying reactions

which take place between them and iron. The slags considered

are divided into three groups—silicate slags, phosphate slags

and oxide slags. The results of the investigation tend to show
that slags should be regarded as solutions, and not as compli-

cated chemical compounds.
The " phase-rule " of Gibb has served as a guide to the authors

of two well-reasoned papers of great scientific interest—one on
iron. and steel from the point of view of the phase doctrine, by
Prof. Bakhuis-Roozeboom, of Amsterdam, and the other on the

present position of the solution theory of carburised iron, by Dr.

A. Stansfield. The phase rule says in effect that in a system

such as that of the carburised irons, in which two distinct sub-

stances (carbon and iron) are involved, but in which certain

forms or phases of carbon or iron, or carbon-iron solution, or

carbon-iron compound, are present, no more than two of these

phases can exist in equilibrium with each other at a particular

temperature. In the case of a solution of salt in water, this
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would mean that there could only be salt and ice and solution
together at a particular temperature (the eutectic temperature),
and that at any other temperature there could only be ice and
solution or salt and solution (.at temperatures above the eutectic),
or ice and salt (at temperatures below the eutectic). In the case
of a salt solution this is quite evident, but the value of the phase
rule is that we can apply it with equal confidence in cases where
we do not, to begin with, know the answer to our question.
Applying the rule to the case of solid carburised iron at tem-
peratures above that of all the known allotropic charges—we
have the four possible substances of iron,- graphite, cementite
and solid solution of carbon (either graphite or cementite) in
pig-iron. The rule states that only two of these can in general
exist permanently together. The general conclusions to be
drawn from Dr. Stansfield's researches are :

—

(i) That carbon is less soluble in iron when presented in the
form of graphite than when presented in the form of cementite.

(2) That the apparent reversal of this in steel is due partly to
the absence of nuclei of graphite on which further deposits might
take place ; partly to the length of time required for the separa-
tion of the graphite, involving, as it does, the gradual passage of
carbon through the iron to reach the nuclei, and partly to the
mechanical pressure which must oppose the formation of graphite
in solid steel.

The meeting was brought to a close by a vote of thanks to' the
French authorities and societies, whose hospitality had been
enjoyed, proposed by the president and seconded by Mr. W.
Whitwell, president-elect. A vote of thanks to the president was
proposed by Mr. Greiner, of Seraing, Belgium, and seconded
by Mr. Nordenfelt. The social functions in connection with the
meeting were of a very attractive character. They included an
operatic entertainment organised by the Comite des Forges, a
reception by the Commissioner-General and Mrs. Jekyll at the
British Royal Pavilion, a banquet at the Hotel Continental, a
reception by Mr. E. Schneider in the Le Creusot pavilion, a re-

ception at the Hotel de Ville by the president of the Municipal
Council, and a reception on September 24 by the Minister of
Public Works.

THE BRADFORD MEETING OF THE
BRITISH ASSOCIATION.

SECTION K.

Opening Address by Prof. S. H. Vines, M.A., D.Sc,
F.R.S., President of the Section.

There has been considerable difference of opinion as to
whether the present year marks the close of the nineteenth or
the beginning of the twentieth century. But whatever may be
the right or the wrong of this vexed question, the fact that the
year-date now begins with 19, instead of with 18, suggests the
appropriateness of devoting an occasion such as the present to
a review of the century which has closed, as some will have it,

or, in the opinion of others, is about to close. I therefore pro-
pose to address you upon the progress of Botany during the
nineteenth century.

I am fully conscious of the magnitude of the task which I

am undertaking, more especially in its relation to the limits of

time and space at my disposal. So eventful has the period been
that to give in any detail an account of what has been accom-
plished during the last hundred years would mean to write the

larger half of the entire history of Botany. This being so, it

might appear almost hopeless to attempt to deal with so large

a subject in a Presidential Address. But I trust that the veiy

restrictions under which I labour may prove to be rather ad-

vantageous than otherwise, inasmuch as they compel me to

confine attention to what is of primary importance, and thus to
give special prominence to the main lines along which the

development of the science has proceeded.

We may well begin with what is, after all, the most funda-

mental matter, viz. the relative numbers of known species of

plants at the beginning and at the end of the century. It might

appear that the statistics of plants was a subject susceptible of

very simple treatment, but unfortunately this is not the case. It

must be remembered that a "species" is not an invariable
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standard unit, like a pound or a pint, but that it is an idea de-

pendent upon the subjectivity of individual botanists. For
instance, one botanist may regard a certain number of similar

Slants as all belonging to a single species, whilst another may
nd the differences among them such as to warrant the distinction

of as many species as there are plants. It is this inevitable

variation in the estimation of specific characters which renders

it difficult to deal satisfactorily with plants from the statistical

point of view. However, the following figures may be regarded

as giving a fair idea of the increase in the number of *' good "

species of living plants.

It is generally stated that about 10,000 species of plants were
known to Linnreus in the latter half of the eighteenth century,

of which one-tenth were Cryptogams ; but so rapid was the pro-

gress in the study of new plants at that time that the first enu-

meration of plants published in the nineteenth century, the

"Synopsis" of Persoon (1807), included as many as 20,000
species of Phanerogams alone. Turning now to the end of the

century, we arrive at the following census, for which I am
indebted mainly to Prof. Saccardo (1892) and to Prof, de Toni
who has kindly given me special information as to the Algre :

—

Species of Phanerogams indicated in Bentham and Hooker's
" Genera Plantarum " {Durand, " Index," 1888).

78,200
19,600
2,420

Dicotyledons
Monocotyledons
Gymnosperms ..

100,220

Estimated subsequent additions (Saccardo) ... 5,011

Total Phanerogams ... 105,231

Species of Pteridophyta (indicated in Hooker and Baker's
" Synopsis " ; Baker's " New Ferns " and '* Fern Allies ").

FilicinjE (including Isoetes), about 3,000
Lycopodinee, about ... ... ... ... 432
Equisetinse, about 20

Total Pteridophyta 3,452

Species of Bryophyta {Saccardo's Estimate).

Musci ... 4,609
Hepaticoe 3»04l

Total Bryophyta 7*650

Species of Thallophyta.

Fungi (including Bacteria) (Saccardo) ... 39,663
Lichens (Saccardo) ... ... 5,600
Algse (incl. 6000 Diatoms) (de Toni) 14,000

Total Thallophyta 59,263

Adding these totals together

—

Phanerogams 105,231
Pteridophyta 3.452
Bryophyta 7,650
Thallophyta 59*263

we have a grand total of 175*596

as the approximate number of recognised species of living
plants.

These figures are sufficiently accurate to show how vast have
been the additions to the knowledge of plants in the period
under consideration, and -they afford much food for thought.
In the first place, they indicate how closely connected has been
the growth of this branch of Botany with the exploration and
opening-up of new countries which has been so characteristic a
feature of the century. Again, no one can consider these
figures without being struck by the disparity in the numbers of
species included in the different groups ; a most interesting
topic, which cannot, however, be entered upon here. It must
suffice to point out in a general way that the smaller groups
represent families of plants which attain their numerical zenith
in long past geological periods, and are now decadent, whilst
the existing flora of the world is characterised by the prepon-
derating Angiosperms and Fungi.
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We may venture to cast a forward glance upon the possible

future development of the knowledge of species. Various
partial estimates have been made as to the probable number of

existing species of this or that group, but the only comprehensive
estimate with which I am acquainted is that of Prof. Saccardo
(1892). He begins with a somewhat startling calculation to the
effect that there are at least 250,000 existing species of Fungi
alone, and he goes on to suggest that probably the number of

species belonging to the various other groups would amount to

150,000 ; hence the total number of species now living is to be
estimated at over 400,000. On the basis of this estimate it

appears that we have not yet made the acquaintance of half the

contemporary species ; so that there remains plenty of occupa-
tion for systematic and descriptive botanists, especially in the

department of Fungology. It is also rather alarming, in view
of the predatory instincts of .so many of the Fungi, to learn that

they constitute so decided a majority of the whole vegetable
kingdom.

In spite of the great increase in the number of known species,

it cannot be said that any essentially new type of plant has
been discovered during the century. So far as the bounds of

the vegetable kingdom have been extended at all, it has been
by the annexation of groups hitherto regarded as within the

sphere of influence of the zoologists. The most notable instance

of this has occurred in the case of the Bacteria, or Schizomy-
cetes, as Naegeli termed them. These organisms, discovered
by Leeuwenhoek 200 years ago, had always been regarded as

infusorian animals until, in 1853, Cohn recognised their vege-
table nature and their affinity with the Fungi. These plants

have acquired special importance, partly on account of the con-
troversy which arose as to their supposed spontaneous genera-

tion, but more especially on account of their remarkabl e zymo-
genic and pathogenic properties, so that Bacteriology has
become one of the new sciences of the century.

Classification.

Having gained some idea of the number of species which have
been recognised and described during the century, the next point
for consideration is the progress made in the attempt to reduce
this mass of material to such order that it can be intelligently

apprehended ; in a word, to convert a mass of facts into a science ;

" Filuni ariadneum Botanices est systema, sine quo chaos est

Res Herbaria" (Linnaeus).

The classification of p'ants is a problem which has engaged
attention from the very earliest times. Without attempting to

enter into the history of the matter, I may just point out that,

speaking generally, all the earlier systems of classification were
more or less artificial, the subdivisions being based upon the
distinctive features of one set of members of the plant. When
I say that of all these systems that proposed by Linnreus (1735)
was the most purely artificial, I do not imply any reproach :

if it was the most artificial, it was at the same time the most
serviceable, and its author was fully aware of its artificiality.

This system is generally regarded as his most remarkable
achievement ; but the really great service which Linnaeus ren-

dered to science was the clear distinction which he for the first

time drew between systems which are artificial and those which
are natural. Recogni.sing, as he did, his inability to frame at

that period a satisfactory natural system, he also realised that

with the increased number of known plants some more ready
means of determining them was an absolute necessity, and it was
for this purpose that he devised his artificial system, not as an
end, but as a means. The end to be kept in view was the

natural classification :
" Methodus naturalis est ultimus finis

Botanices" is his clearly expressed position in the " Philosophia

Botanica."

There is a certain irony in the fact that the enthusiastic ac-

ceptance accorded to his artificial system throughout the greater

part of Europe contributed to postpone the realisation of Lin-

naeus's cherished hopes with regard to the attainment of a natural

classification. It was just in those countries, such as Germany
and England, where the Linnean system was most readily

adopted that the development of the natural system proceeded
most slowly. It was in France, where the Linnean system
never secured a firm hold, that the quest of the natural system

was pursued ; and it is to French botanists more particularly

that our present classification is due. It may be traced from
its first beginnings with Magnol in 1689, through the bolder
attempts of Adanson and of Bernard de Jussieu (1759), to the
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relatively complete method propounded by Antoine Laurent de

Jussieu in his " Genera Plantarum," just lOO years later.

The nineteenth century opened with the struggle for pre-

dominance between the Jussiean and the Linnean systems. In

England the former soon obtained considerable support, notably

that of Robert Brown, whose " Prodromus Floroe Novoe Hol-

landise." published in 1810, seems to have been the first English

botanical work in which the natural system was adopted ; but it

did not come into general use until it had been popularised by

Lindley in the 'thirties.

Meantime the Jussiean system had been extended and ini-

proved by Augiiste Pyrame de Candolle (1813-24). It is

essentially the Candollean classification which is now most
generally in use, and it has been immortalised by its adoption in

Bentham and Hooker's " Genera Plantarum," one of the great

botanical monuments of the century. In Germany, however,

it has been widely departed from, the system there in vogue

being based upon Brongniart's modification (1828, 1850) of de

CandoUe's method as elaborated successively by Alex. Braun

(1864), Eichler (1876-83) and Prof Engler (1886, 1898). It

must be admitted that for the last fifty years the further evolution

of the natural system, at any rate so far as Phanerogams are

concerned, has been confined to Germany.
One of the most important advances in the classification of

Phanerogams was based upon Robert Brown's discovery in 1827

of the gymnospermous nature of the ovule in Conifers and
Cycads, which led Brongniart (1828) to distinguish these plants

as " Phanerogames gyinnospermes "
; and although the system-

atic position of these plants has since then been the subject of

much discussion, the recognition of the Gymnospermae as a

distinct group of archaic Phanerogams is now definitely

accepted.

Moreover, the greatly increased knowledge of the Cryptogams
has involved a considerable reconstruction in the classification of

that great sub-kingdom. One of the most striking discoveries

is that first definitely announced by Schwendener (1869) con-

cerning Lichens, to the effect that the body of a Lichen consists

.,of two distinct organisms, an Alga and a Fungus, living in

symbiosis ; a discovery which was so nearly made by other con-

temporary botanists, such as de Bary, Berkeley and Sachs, and
which can be traced back to Haller and Gleditsch in the

eighteenth century.

But the discoveries which most affected the classification of

the Cryptogams are those relating to their reproduction. Whilst

it had been recognised, almost from time immemorial, that

Phanerogams reproduce sexually, sexuality was denied to

Cryptogams until the observations on Liverworts and Mosses by
Schmidel and by Hedwig (of whom it was said that he was born

to banish Cryptogamy) in the eighteenth century ; and even as

late as 1828 we find Brongniart classifying the Fungi and Algae

together as "Agames." But in the middle third of the nine-

teenth century, by the labours of such men as Thuret, Pringsheim,

Cohn, Hofmeister, Naegeli and de Bary, the sexuality of all

classes of Cryptogams was clearly established. It is worthy of

note that, although the sexuality of the Phanerogams had been
accepted for centuries, yet the details of sexual reproduction

were first investigated in Cryptogams. For it was not until 1823
that Amici discovered the pollen-tube, and it was more than
twenty years later (1846) before he completed his discovery by
ascertaining the true significance of the pollen-tube in relation

to the development of the embryo ; whilst it remained for

Strasburger to observe, thirty years later, the actual process of

fertilisation.

The discovery of the reproductive processes in Cryptogams
not only facilitated a natural classification of them, but had the

further very important effect of throwing light upon their relation

to Phanerogams. Perhaps the most striking botanical achieve-

ment of the nineteenth century has been the demonstration by
Hofmeister's unrivalled researches (1851) that Phanerogams and
Cryptogams are not separated, as was formerly held, by an
impassable gulf, but that the higher Cryptogams and the lower
Phanerogams are connected by many common features.

The development of the natural classification, of which an
account has now been given, proceeded for the most part on the
assumption of the immutability of species. As Linnaeus ex-

pressed it in his " Fundamenta Botanica," " species tot numer-
amus, quot diversse formce in principio sunt creatae." It is

difficult to understand how, with this point of view, the idea of

affinity between species could have arisen at all ; and yet the

establishment of genera and the attempts at a natural system
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prove that the idea was operative. The nature of the prevalent
conception of affinity is well conveyed by Linnaeus's aphorism,
" Affines conveniunt habitu, nascendi niodo, proprietatibus,
viribus, usu."

But a conviction had been gradually growing that the assumed
fixity of species was not well founded, and that, on the
contrary, species are descended from pre-existent species. This
view found clear expression in Lamarck's " Philosophic Zoo-
logique," published early in the century (1809), but it did not
strongly affect public opinion until after the publication of
Darwin's " Origin of Species " in 1859. Regarded from this

point of view, the problems of classification have assumed an
altogether different aspect. Affinity no longer means mere
similarity, but blood-relationship depending upon common
descent. We no longer seek a " system" of classification ; we
endeavour to determine the mutual relations of plants. The
effect of this change has been to stimulate the investigation of
plants in all their parts and in all stages of their life, so as to

attain that complete knowledge of them without which their

affinities cannot be accurately estimated. If the classification of

Cryptogams is, at the present moment, in a more satisfactory

position than that of Phanerogams, it is just because the study
of the former group has been, for various reasons, more thorough
and more minute than that of the latter.

Palaeophytology.

The stimulating influence of the new doctrine was not, how-
ever, confined to the investigation of existing plants ; it also

gave a remarkable impulse to the study of fossil plants, inasmuch
as the theory of descent involves the quest of the ancestors ot

the forms that we now have around us. Marvellous progress

has been made in this direction during the nineteenth century,

by the labours more especially of Brongniart, Goeppert, Unger,
Schimper, Schenck, Saporta, Solms-Laubach, Renault, on the

Continent, and in our own country of Lindley and Ilutton,

Hooker, Carruthers, and more especially of Williamson. So
far-reaching are the results obtained that I can only attempt
the barest summary of them. I may perhaps best begin by
saying that only a small proportion of existing species have
been found in the fossil state. In illustration I may adduce
the statement made by Mr. Clement Reid in his recent work,
"The Origin of the British Flora," that only 270 species, that

is, about one-sixth of the total number of British vascular plants,

are known as fossils. Making all due allowances for the im-

perfection of the geological record, for the limited area investi-

gated, and for the difficulty of determination of fragmentary

specimens, it may be stated generally that the number of exist-

ing species has been found to rapidly diminish in the floras of

successively older strata ; none, in fact, have been certainly

found to persist beyond the Tertiary period. Certain existing

genera, belonging to the Gymnosperms and to the Pteridophyta,

have, however, been traced far down into the Mesozoic period.

Similarly, the distribution in time of existing natural orders

does not coincide with that of existing genera ; thus the Ferns

of the Carboniferous epoch apparently belong, for the most part,

if not altogether, to the order Marattiacese, but they are not

referable to any of the existing genera.

Moreover, altogether new families of fossil plants have been
discovered : such are, among Gymnosperms, the Cordaitaceae

and the Bennettitacece ; among Pteridophyta, the Calamariacese,

the Lepidodendracete, the Sphenophyllacese and the Cycado-

filices. It is of interest to note that all these newly discovered

families can be included within the main subdivisions of the

existing flora ; in fact, no fossil plants have been found which
suggest the existence in the past of groups outside the limits of

our Phanerogamia, Pteridophyta, Bryophyta and Thallophyta.

It cannot be said that the study of Palaeobotany has as yet

made clear the ancestry and the descent of our existing flora.

To begin with the angiospermous flowering plants, it has been

ascertained that they make their first appearance in the

Cretaceous epoch, but we have no clue as to their origin. The
relatively late appearance of Angiosperms in geological time

suggests that they must have sprung from an older group, such

as the Gymnosperms or the Pteridophyta; but there is no

evidence to definitely establish either of these possible origins.

Then as to the origin of the Gymnosperms, whilst it cannot be

doubted that they were derived from the Pteridophyta, the

existing data are insufficient to enable us to trace their pedigree.

The most ancient family of Gymnosperms, the Cordaitacew, can

be traced as^far back as any known Pteridophyta, and cannot,



September 27, 1900] NATURE 539

therefore, have been derived from them ; but the fact that the

Cordaitacere exhibit certain cycadean affinities, and the dis-

covery of the Cycadofilices, suggest that what may be termed

the cycadean phylum of Gymnosperms (including the Cordait-

ace;^, Bennettitaceee, CycadacecK, and perhaps the (jinkgoacese)

had its origin in a filicineous ancestry, of which, it must be
admitted, no forms have as yet been recognised.

Turning to the Pteridophyta, the origin of the Ferns is still

quite unknown : the one fact which seems to be clear is that the

eusporangiate forms (Marattiacete) are more primitive than the

leptosporangiate. With regard to the Equisetinre, the Cala-

mariaceoe were no doubt the ancestors of the existing and of

the fossil Equisetums. Similarly, in the Lycopodinte, the

palreozoic Lepidodendraces were the forerunners of the existing

Lycopodiums and Selaginellas. The discovery of the Spheno-
phyllaceix; seems to throw some further light upon the phylogeny
of these two groups, inasmuch as these plants possess characters

which indicate affinity with both the Equisetinoe and the

Lycopodinw, thus suggesting the possibility that they may have
sprung from the same ancestral stock.

To complete the geological survey of the vegetable kingdom
I will briefly allude to the Bryophyta and the Thallophyta.

Owing no doubt to their delicate texture, the records of these

plants have been found to be very incomplete. So much is this

the case with the Bryophyta that I forbear to make any statement

concerning them. The chief point of interest with regard to

the Fungi is that most of those which have been discovered in

the fossil state were found in the tissues of woody plants on
which they were parasitic. In this way it has been possible to

ascertain, with some probability, the existence of Bacteria and
of mycelial Fungi in the Pala30zoic period. The records of the

Algi^; are more satisfactory ; they have been traced far back
into the Pah^ozoic age, where they are represented by siphon-

aceous forms and by the somewhat obscure plants known as

Nematophyciis and Pachytheca.

In a general way the study of Paleobotany has proved the

development of higher from lower forms in the successive

geological periods. Thus the Tertiary and Quaternary periods

are characterised by the predominance of Angiosperms, just as

the Mesozoic period is characterised by the predominance of

Gymnosperms, and the Palaeozoic by the predominance of

Pteridophyta. And yet, as I have been pointing out, we are

not able to trace the ancestry of any one of the larger groups
of plants. The chief reason for this is that the geological

record, so far as it is known, has been found to break off with
such surprising abruptness that the earliest, and therefore the

most interesting, chapters in the evolution of plants are closed

to us. After the wealth of plant-forms in the Carboniferous
epoch there is a striking falling-off in the Devonian, in which,
however, plants of high organisation, such as the Cordaitacere,

the CalamariacecB and the Lepidodendracese, still occur. In
the Silurian epoch vascular plants are but sparingly present

—

but it is remarkable that any such highly organised plants should
be found there—together with probable Algoe, such as Nema-
tophyciis and Pachytheca. The Cambrian rocks present nothing
but so-called " Fucoids," such as Eophyton, Sec, some of

which may be Algae. The only known fossil in the oldest strata

of all, the Archaean, is the much-discussed Eozoon canadense,

probably of animal origin ; but the occurrence here of large

deposits of graphite seems to indicate the existence of a con-
siderable flora which has, unfortunately, become quite undeter-

minable. Thus, whilst there is some evidence that the primi-

tive plants were Algae, there is at present no available record of

the various stages through which the Silurian and Devonian
vascular plants were evolved from them.

Morphology.

If int^uiry be made as to the cause of the great advance in the
recognition of the true affinities of plants, and consequently in

their classification, which distinguishes the nineteenth century, I

would refer it to the progress made in the study of morphology.
The earlier botanists regarded all the various parts of plants as
"organs" in relation to their supposed function ; hence their

description of plants was simply " organography." The idea of
regarding the parts of the plant-body, not in connection with
their functions, but with reference to their development and
their mutual relations, seems to have originated with Jung in the
seventeenth century (1687); it was revived by C. F. Wolff
about seventy years later (1759), but it did not materially affect

the study of plants until well on in the nineteenth century, after
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Goethe had repeatedly written on the subject and had devised
the term " morphology " to designate it. For a time this some-
what abstract mode of treatment led to mere theorising and
speculation, so much so that the years 1820-1840 will always l>e

stigmatised as the period of the " Naturphilosophie." But
fortunately this time of barrenness was succeeded by a veritable

renascence. Robert Brown and Henfrey in England

;

Brongniart, St. Hilaire and Tulasne in France ; Mohl,
Schleiden, Naegeli, A. Braun, and, above all, Ilofmeister in

Germany, led the way back from the pursuit of fantastic will-o'-

the-wisps to the observation of actual fact. Instead of evolving
schemes out of their own internal consciousness as to how plants

ought to be constructed, they endeavoured to discover by the

study of development, and more particularly of embryogeny,
how they actually are constructed, with the result that within a
decade Hofmeister discovered the alternation of generations in

the higher plants ; a discovery which must ever rank as one of

the most brilliant triumphs of morphological research.

With the knowledge thus acquired it became possible to

determine the true relations of the various parts of the plant-

body ; to distinguish these parts as " members " rather than as

"organs"; in a word, to establish homologies where hitherto

only analogies had been traced—which is the essential difference

between morphology and organography.
The publication of the "Origin of Species" profoundly

affected the progress or morphology, as of all branches of
biological research : but it did not 'alter its trend ; it confirmed
and extended it. We are not satisfied now with establishing

homologies, but we go on to inquire into the origin and
phylogeny of the members of the body. In illustration I may
briefly refer to two problems of this kind which at the present
time are agitating the bocanical world. The first is as to the

origin of the alternation of generations. Did it come about by
the modification of the sexual generation (gametophyte) into an
asexual (sporophyte) ; or is the sporophyte a new formation in-

tercalated into the life-history ? In a word, is the alternation of

generations to be regarded as homologous or as antithetic ? I

am not rash enough to express any opinion on this controversy ;

nor is it necessary that I should do so, since the subject has
twice been threshed out at recent meetings of this Section. The
second problem is as to the origin of the sphorophylls, and,
indeed, of all the various kinds of leaves of the sporophyte in

the higher plants. It is suggested, on the one hand, that the

sporophylls of the Pteridophyta have arisen by gradual sterilisa-

tion and segmentation from an unsegmented and almost wholly
reproductive body, represented in our day by the sporogonium
of the Bryophyta ; and that the vegetative leaves have been de-

rived by further sterilisation from the sporophylls. On the

other hand, it is urged that the vegetative leaves are the more
primitive, and that the sporophylls have been derived from
them. It will be at once observed that this second problem is

intimately connected with the first. The sterilisation theory of

the origin of leaves is a necessary consequence of the antithetic

view of the alternation of generations ; whilst the derivation of

sporophylls from foliage-leaves is similarly associated with the

homologous view. Here, again, exercising a wise discretion, I

will only venture to express my appreciation of the important

work which has been done in connection with this controversy

—

work that will be equally valuable, whatever the issue may
eventually be.

I will conclude my remarks on morphology with a few illus-

trations of the aid which the advance in this department has

given to the progress of classification. For instance, Linnteus

divided plants into Phanerogams and Cryptogams, on the

ground that in the former the reproductive organs and pro-

cesses are conspicuous, whereas in the latter they are obscure.

In view of our increased knowledge of Cryptogams this ground
of distinction is no longer tenable ; whilst still recognising the

validity of the division, our reasons for doing so are altogether

difterent. For us. Phanerogams are plants which produce a
seed ; Cryptogams are plants which do not produce a seed.

Again, we distinguish the Pteridophyta and the Bryophyta irom

the Thallophyta, not on account of their more complex struc-

ture, but mainly on the ground that the alternation of genera-

tions is regular in the two former groups, whilst it is irregular or

altogether wanting in the latter. Similarly, the essential distinc-

tion between the Pteridophyta and the Bryophyta is that in the

former the sporophyte, in the latter the gametophyte, is the

preponderating form. It has enabled us further to correct in

many respects the classifications of our predecessors by altering
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the systematic position of various genera, and sometimes of

larger groups. Thus the CycadaceDe have been removed from
among the Monocotyledons, and the Conifera; from among the

Dicotyledons, where de CandoUe placed them, and have been
united with the Gnetacere into the sub-class Gymnospermje.
The investigation of the development of the flower, in which
Payer led the way, and the elaboration of the floral diagram
which we owe to Eichler, have done much, though by no means
all, to determine the affinities of doubtful Angiosperms, especi-

ally among those previously relegated to the lumber-room of the
Apetalre.

Anatomy and Histology.

Passing now to the consideration of the progress of knowledge
concerning the structure of plants, the most important result to

be chronicled is the discovery that the plant-body consists of
living substance indistinguishable from that of which the body of
animals is composed. The earlier anatomists, whilst recognising
the cellular structure of plants, had confined their attention to

the examination of the cell-walls, and described the contents as

a watery or mucilaginous sap, without determining where or
what was the seat of life. In 1831 Robert Brown discovered the
nucleus of the cell, but there is no evidence that he regarded it

as living. It was not until the renascence of research in the
'forties, to which I have already alluded, that any real progress
in this direction was made. The cell-contents were especially
studied by Naegeli and by Mohl, both of whom recognised the
existence of a viscous substance lining the wall of all living cells

as a "mucous layer" or "primordial utricle," but differing chemi-
cally from the substance of the wall by being nitrogenous : this

they regarded as the living part of the cell, and to it Mohl (1846)
gave the name "protoplasm," which it still bears. The full

significance of this discovery became apparent in a somewhat
roundabout way. Dujardin, in 1835, h^d described a number
of lowly organisms, which he termed Infusoria, as consisting of
a living substance, which he called " sarcode." Fifteen years
later, in a remarkable paper on Protococcus phivialis, Cohn drew
attention to the similarity in properties between the " sarcode "

of the Infusoria and the living substance of this plant, and
arrived at the brilliant generalisation that the " protoplasm " of
the botanists and the "sarcode" of the zoologists are identical.

Thus arose the great conception of the essential unity of life in

all living things, which, thanks to the subsequent labours of such
men as de Bary, Briicke, and Max Schultze, in the first instance,
has become a fundamental canon of Biology.
A conspicious monument of this period of activity is the

cell-theory propounded by Schwann in 1839. Briefly stated,

Schwann's theory was that all living bodies are built up of
structural units which are the cells : each cell possesses an in-

-dependent vitality, so that nutrition and growth are referable,

not to the organism as a whole, but to the individual cells.

This conception of the structure of plants was accepted for many
years, but it has had to give way before the advance of ana-
tomical knowledge. The recognition of cell-division as the
process by which the cells are multiplied— in opposition to the
Schleidenian theory of free cell-formation—early suggested
doubts as to the propriety of regarding the body as being built

up of cells as a wall is built of bricks. Later the minute study
of the Thallophyta revealed the existence of a number of plants,

such as the Myxomycetes, the phycomycetous Fungi, and the
siphonaceous Alga;, some of them highly organised, the vege-
tative body of which does not consist of cells. It became clear

that cellular structure is not essential to life ; that it may be
altogether absent or present in various degree. Thus in the
higher plants the protoplasm is segmented or septated by walls
into uninucleate units or "energids" (Sachs), and such plants
are well described as "completely septate." But in others,

such as the higher Fungi and certain Algte (e.g. Cladophora,
Hydrodictyon), the protoplasm is septated, not into energids,

but into groups of energids, so that the body is " incompletely
septate." Finally there are the Thallophyta already enu-
merated, in which there is complete continuity of the proto-
plasm : these are "unseptate." Moreover, even when the
body presents the most complete cellular structure, the energids
are not isolated, but are connected by delicate protoplasmic
fibrils traversing the intervening walls ; a fact which is one of
the most striking discoveries in the department of histology.

This was first recognised in the sieve-tubes by Ilartig (1837) ;

then by Naegeli (1846) in the tissues of the Florideae. After a
long period of neglect the matter was taken up once more by
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Tangl (1880), when it attracted the attention of many investi-

gators, as the result of Whose labours, especially those of Mr.
Gardiner, the general and perhaps universal continuity of the
protoplasm in cellular plants has been established. Hence the
body is no longer regarded as an aggregate of cells, but as a
more or less septated mass of protoplasm : the synthetic
standpoint of Schwann has been replaced by one as distinctively

analytic.

Time does not permit me to do more than mention the im-
portant discoveries made of late years, mainly on the initiative

of Strasburger, with regard to the details of cytology, and
especially to the structure of the nucleus and the intricate dance
of the chromosomes in karyokinesis. Indeed, I can do but scant

justice to those anatomical discoveries which are of more
exclusively botanical interest. One important generalisation

which may be drawn is that the histological diff"erentiation of the
plant proceeds, not in the protoplasm, as in the animal, but in

the cell-wall. It is remarkable, on the one hard, how similar

the protoplasm is, not only in diff"erent parts of the same body,
but in plants of widely different affinities ; and, on the other,

what diversity the cell-wall offers in thickness, chemical com-
position, and physical properties. In studying the differentia-

tion of the cell-wall the botanist has received valuable aid from
the chemist. Research in this direction may, in fact, be said to

have begun with Payen's fundamental discovery (1844) that the
characteristic and primary chemical constituents of the cell-wall

is the carbohydrate which he termed cellulose.

The amount of detailed knowledge as to the anatomy of plants

which has been accumulated during the century by countless

workers, among whom Mohl, Naegeli, linger and Sanio
deserve special mention as pioneers, is very great—so great,

indeed, that it seemed as if it must remain a mere mass of facts

in the absence of any recognisable general principles which
might serve to marshal the facts into a science. The first step

towards a morphology of the tissues was Hanstein's investiga-

tion of the growing point of the Phanerogams (1868), and his

recognition therein of the three embryonic tissue-systems. This
has lately been further developed by the promulgation of van
Tieghem's theory of the stele, which is merely the logical out-

come of Hanstein's distinction of the plerome. It has thus become
possible to determine the homologies of the tissue-systems in

different plants and to organise the facts of structure into a

scientific comparative anatomy. It has become apparent that,

in many cases, differences of structure are immediately traceable

to the influence of the environment ; in fact, the study of

physiological or adaptive anatomy is now a large and important
branch of the sut^ject.

The study of Anatomy has contributed in some degree to the

progress of systematic Botany. It is true that some of the more
ambitious attempts to base classification on Anatomy have not

been successful ; such, for instance, as de Candolle's subdivision

of Phanerogams into Exogens and Endogens, or the subdivision

of Cormophyta into Acrobrya, Amphibrya, and Acramphibrya,
proposed by Unger and Endlicher. Still it cannot be denied

that anatomical characters have been found useful, if not abso-

lutely conclusive, in suggesting affinities, especially in the

determination of fossil remains. A large proportion of our

knowledge of extinct plants, to which I have already alluded,

is based solely upon the anatomical structure of the vegetative

organs ; and although affinities inferred from such evidence

cannot be regarded as final, they suffice for a provisional

classification until they are confirmed or disproved by the

discovery and investigation of the reproductive organs.

Physiology.

The last branch of botanical science which I propose to pass

in review is that of physiology. We may well begin with the

nutritive processes. At the close of the eighteenth century

there was practically no coherent theory of nutrition ; such as

it was it amounted to little more than the conclusion arrived at

by van Helmont a century and a half earlier, that plants require

only water for their food, and are able to form from it all the

different constituents of their bodies. It is true that the im-

portant discovery had been made and pursued by Priestley

(1772), Ingen-Housz (1780) and Senebier (1782) that green

plants exposed to light absorb carbon dioxide and evolve free

oxygen ; but this gaseous interchange had not been shown to be

the expression of a nutritive process. At the opening of the

nineteenth century (1804) this connection was established by
de Saussure, in his classical " Recherches Chimiques," who
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demonstrated that, whilst absorbing carbon dioxide and
evolving oxygen, green plants gain in dry weight ; and he

further contributed to the elucidation of the problem of nutrition

by showing that, whilst assimilating carbon dioxide, green

plants also assimilate the hydrogen and oxygen of water.

Three questions naturally arose in connection with de

Saussure's statement of the case : What is the nature of the

organic substance formed? What is the function of the

chlorophyll ? What is the part played by light ? It was far on

in the century before answers were forthcoming.

With regard to the first of these questions the researches of

Boussingault (1864) and others established the fact that the

volume of carbon dioxide absorbed and that of the oxygen

evolved in connection with the process are approximately equal.

Further, the frequent presence of starch in the chloroplastids, to

which Mohl first drew attention (1837), was subsequently found

by Sachs (1862) to be closely connected with the assimilation

of carbon dioxide. The conclusion drawn from these facts is

that the gain in dry weight accompanying the assimilation of

carbon dioxide is due to the formation, in the first instance, of

organic substance having the composition of a carbohydrate ; a

conclusion which may be expressed by the equation

CO2 + H2O = CH2O + O2.

The questions with regard to chlorophyll and to light are so

intimately connected that they must be considered together.

The first step towards their solution was the investigation of the

relative activity of light of different colours, originally under-

taken by Senebier (1782) and subsequently repeated by Daubeny
(1836), with the result that red and orange light was found to

promote assimilation in a higher degree than blue or violet

light. Shortly afterwards Draper (1843), experimenting with

an actual solar spectrum, concluded that the most active rays

are the orange and yellow ; a conclusion which was generally

accepted for many years. But in the meantime the properties

of the green colouring matter of plants (to which Pelletier and
Caventou gave the name " chlorophyll " in 1817) were being

investigated. Brewster discovered in 1834 that an alcoholic

extract of green leaves presents a characteristic absorption

spectrum ; but many years elapsed before any attempt was made
to connect this property with the physiological activity of

chlorophyll. It was not until 1871-72 that Lommel and
N. T- C. Miiller pointed out that the rays of the spectrum

which are most completely absorbed by chlorophyll are just

those which are most efficient in the assimilation of carbon

dioxide. Subsequent researches, particularly those of Timiriazeff

(1877), and those of Engelmann (1882-84) based on his inge-

nious Bacterium-method, have confirmed the views of Lommel
and of Miiller, and have placed it beyond doubt that the import-

ance of light in the assimilatory process is that it is the form

of kinetic energy necessary to effect the chemical changes, and
that the function of chlorophyll is to serve as the means of

absorbing this energy and of making it available for the plant.

These are perhaps the most striking discoveries in relation

to the nutrition of plants, but there are others of not less import-

ance to which brief allusion must be made. We owe to de
Saussure (1804) the first clear demonstration of the fact that

plants derive an important part of their food from the soil ;

but the relative nutritive value of the inorganic salts absorbed in

solution was not ascertained until Sachs (1858) reintroduced the

method of water-culture which had originated centuries before

with Woodward (1699) and had been practised by Duhamel
(1768) and de Saussure. Special interest centres around the

question of the nitrogenous nutrition of plants. It was long held

chiefly on the authority of Priestley and of Ingen-Housz, and in

spite of the contrary opinion expressed by Senebier, Woodhouse
(1803) and de Saussure, that plants absorb the free nitrogen of

the atmosphere by their leaves. This view was not finally

abandoned until i860, when the researches of Boussingault and
of Lawes and Gilbert deprived it of all foundation. Since then
we have learned that the free nitrogen of the air can be made
available for nutrition— not indeed directly by green plants

themselves, but, as Berthelot and Winogradsky more especially

have shown, by Bacteria in the soil, or, as apparently in the

Leguminos;x;,by Bacteria actually enclosed in the roots of the

plants with which they live symbiotically.

We now turn from the nutritive or anabolic processes to those

which are catabolic. The discovery of the latter, just as of the
former, was arrived at by the investigation of the gaseous inter-

change between the plant and the atmosphere. In the
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eighteenth century Scheele and Priestley had found that, under
certain circumstances, plants deteriorate the quality of air ; but

it is to Ingen-Housz that we owe the discovery that plants, like

animals, respire, taking in oxygen and giving off carbon
dioxide. And when Senebier (1800) had ascertained for the

inflorescence of Arum maciilatum, and later de Saussure (1822)
for other flowers, that active respiration is associated with an
evolution of heat, the connection between respiration and cata-

bolism was established for plants as it had been long before by
Lavoisier (1777) in the case of animals.

Among the catabolic processes which have been investigated

none are of greater importance than those which are designated
by the general term fermentations. The first of these to be
discovered was the alcoholic fermentation of sugar. Towards
the end of the seventeenth century Leeuwenhoek had detected

minute globules in fermenting wort ; and a century later La-
voisier had ascertained that the chemical process consists in the
decomposition of sugar into alcohol and carbon dioxide ; but it

was not until 1837-38 that, almost simultaneously, Cagniard de
Latour, Schwann and KUtzing discovered that Leeuwenhoek's
globules were living organisms, and were the cause of the fer-

mentation. Shortly before, in 1833, Payen and Persoz ex-

tracted from malt a substance named diastase, which they found
could convert the starch of the grain into sugar. These two^

classes of bodies, causing fermentative changes, were distin-

guished respectively as organised and unorganised ferments.

The number of the former was rapidly added to by the investi-

gation more especially of the Bacteria, in which Pasteur led the

way. The extension of our knowledge of the unorganised fer-

ments, or enzymes, has been even more remarkable ; we now
know that very many of the metabolic processes are effected by-

various enzymes, such as those which convert the more complex
carbohydrates into others of simpler constitution (diastase,,

cytase, glucase, inulase, invertase) ; those which decompose
glucosides (emulsin, myrosin, &c.) ; those which act on proteids

(trypsins) and on fats (lipases) ; the oxidases, which cause the

oxidation of various organic substances ; and the zymase^
recently extracted from yeast, which causes alcoholic fermenta-
tion.

The old distinction of the micro organisms as "organised fer-

ments" is no longer tenable; for, on the one hand, certain of
the chemical changes which they effect can be traced to extract--

able enzymes which they produce ; and, on the other, as Pasteur
has asserted, every living cell may become an "organised fer-

ment " under appropriate conditions. The distinction now to
be drawn is between those processes which are due to enzymes
and those directly effected by living protoplasm. Many now
definitely included in the former class were, until lately, regarded
as belonging to the latter ; and no doubt future investigation

will still further increase the number of the former at the expense
of the latter.

The consideration of the metabolic processes leads naturally
to that of the function of transpiration and of the means by
which water and substances in solution are distributed in the
plant. This is perhaps the department of physiology in whiclv
progress during the nineteenth century has been least marked.
We have got rid, it is true, of the old idea of an ascending
crude sap, and of a descending elaborated sap, but there have
been no fundamental discoveries. With regard to transpiration
itself, we know more of the detail of the process, but that is

all that can be said. As for root-pressure, Hofmeister (1858-82)
discovered that " bleeding "—as the phenomena of root-pressure
were termed by the earlier writers—is not confined, as had-
hitherto been thought, to trees and shrubs ; but the current
theory of the process, allowing for the discovery of protoplasm
and of osmosis, has advanced but little upon that given by Grew
in the third book of his "Anatomy of Plants" (1675). Again^
the mechanism of the transpiration-current in lofty trees re-

mains an unsolved problem. To begin with, there is still some
doubt as to the exact channel in which the current travels.

Knight (1801-8) first proved that the current travels in the
alburnum of the trunk, but not, he thought, in the vessels, for

he found them to be dry in the summer, when transpiration is

most active; a view in which Dutrochet (1837) subsequently
concurred. Meyen (1838) then suggested that the water musi
travel, not in the lumina, but in the substance of the cells of
the vessels, and was supported by such eminent physiologistst

as Hofmeister (1858), Unger (1864, 1868) and Sachs (1878);
but it has since been strongly asserted by Boehm, Elfving,
Vesque, Hartig and Strasburger that the young vessels always
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contain water, and that the current travels in the lumina and
not in the walls of the vessels.

Now as to the force by which the water of the transpiration-

current is raised from the roots to the topmost leaf of a lofty

tree. From the point of view that the water travels in the

substance of the walls the necessary force need not be great,

and would be amply provided by the transpiration of the leaves,

inasmuch as the weight of the water raised would be supported

by the force of imbibition of the walls. From the point of view
that the water travels in the lumina, the force required to raise

and support such long columns of water must be considerable.

Dismissing at once as quite inadequate such purely physical

theories as those of capillarity and gas-pressure, there remain
two theories as to the nature of this force which resemble each
other in being essentially vitalistic, but differ in that the one
involves pressure from below, the other suction from above. In
the one, suggested by Godlewski and by Westermaier (1884),
the cells of the medullary rays and of the wood-parenchyma are

supposed to absorb liquid from the vascular tissue at one level

and force it back again by a vital act at a higher level : this

theory was disposed of by the fact that the transpiration-current

can be maintained through a considerable length of a stem
killed by heat or by poison. In the other, suggested by Dixon
and Joly (1895-99), and also by Askenasy {1895-96), it is

assumed that there are, in the trunk of a transpiring tree, con-
tinuous columns of water which are in a state of tensile stress,

the tension being set up by the vital transpiratory activity of the
leaves. Some idea of the enormous tension thus assumed is

given by the following simple calculation relating to a tree 120
feet high. Not only has the liquid to be raised to this height,
but in its passage upwards a resistance calculated to be equal to

about five times the height of the tree has to be overcome.
Hence the transpiration-force in such a tree must at least equal
the weight of a column of water 720 feet in height ; that is, a
pressure of about twenty-four atmospheres, or 360 lb. to the
square inch. But there is no evidence to prove that a tension
of anything like twenty atmospheres exists, as a matter of fact,

in a transpiring tree ; on the contrary, such observations as
exist {e.g. those of Hales and of Boehm) indicate much lower
tensions. Under these circumstances we must regretfully

confess that yet one more century has closed without bringing
the solution of the secular problem of the ascent of the sap.

The nineteenth century has been, fortunately, rather more
fertile in discovery concerning the movements and irritability

of plants. But it is surprising how much knowledge on these
points had been accumulated by the beginning of the century :

the facts of plant movement, such as the curvatures due to the
action of light, the sleep-movements of leaves and flowers, the
contact-movements of the leaves of the sensitives, were all

familiar. The nineteenth century opened, then, with a con-
siderable store of facts ; but what was lacking was an inter-
pretation of them ; and whilst it has largely added to the
store, its most important work has been done in the direction of
explanation.

The first event of importance was the discovery by Knight, in
1806, of the fact that the stems and roots of plants are irritable
to the action of gravity and respond to it by assuming definite
directions of growth. Many years later the term " geotropism "

was introduced by Frank (1868) to designate the phenomena of
growth as affected by gravity, and at the same time Frank an-
nounced the important discovery that dorsiventral members,
such as leaves, behave quite differently from radial members,
such as stems and roots, in that they are diageotropic

It was a long time before the irritabiUty of plants to the action
of light was recognised. Chiefly on the authority of de Candolle
(to whom we owe the term " heliotropism '"), heliotropic curva-
ture was accounted for by assuming that the one side received
less light than the other, and therefore grew the more rapidly.
But the researches of Sachs (1873) and Muller-Thurgau (1876)
have made it clear that the direction of the incident rays is the
important point, and that a radial stem, obliquely illuminated,
is stimulated to curve until its long axis coincides with the inci-
dent rays. Moreover, the discovery by Knight (1812) of nega-
tive heliotropism in the tendrils of Vitis and Ampelopsis really
put the CandoUean theory quite out of court ; and further
evidence that heliotropic movements are a response to the
stimulus of the incident rays of light is afforded by Frank's
discovery of the diaheliotropism of dorsiventral members;
The question of the localisation of irritability has received a

good deal of attention. The fact that the under surface of the
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pulvinus of Mimosa pudica is alone sensitive to contact was
ascertained by Burnett and Mayo in 1827 ; and shortly after

(1834) Curtis discovered the sensitiveness of the hairs on the
upper surface of the leaf of Dionaea. After a long period of
neglect the subject was taken up by Darwin. The irritability

of tendrils to contact had been discovered by Mohl in 1827 ;

but it was Darwin who ascertained, in 1865, that it is confined
to the concavity near the tip. In 1875 Darwin found that the
irritability of the tentacles of Drosera is localised in the terminal
gland ; and followed this up, in 1880, by asserting that the
sensitiveness of the root is localised in the tip, which acts like a
brain. This assertion led to a great deal of controversy, but
the researches of Pfeffer and Czapek (1894) have finally estab-

lished the correctness of Darwin's conclusion. It is interesting

to recall that Erasmus Darwin had suggested the possible

existence of a brain in plants in his " Phytologia " (1800). But
the word "brain" is misleading, inasmuch as it might imply
sensation and consciousness : it would be more accurate to speak
of centres of ganglionic activity. However, the fact remains
that there exist in plants irritable centres which not only receive

stimuli but transmit impulses to those parts by which the con-

sequent movement is effected. The transmission of stimuli has

been found in the case of Mimosa pudica to be due to the

propagation of a disturbance of hydrostatic equilibrium along a

special tissue ; in other cases, where the distance to be traversed

is small, it is probably effected by means of that continuity of

the protoplasm to which I have already alluded.

Finally, as regards the mechanism of these movements, we
find Senebier and Rudolphi, the earliest writers on the subject

in the nineteenth century, asserting, as if against some accepted

view, that there is no structure in a plant comparable with the

muscle of an animal. Rudolphi (1807) suggested, as an alter-

native, that the position of a mobile leaf is determined by the

"turgor vitalis" of the pulvinus, and thus anticipated the

modern theory of the mechanism. But he gives no explana-

tion of what he means by "turgor "
; and the term is frequently

used by writers in the first half of the century in the same vague

way. Some progress was made in consequence of the discovery

of osmosis by Dutrochet (1828), and more especially by his

observation (1837) that the movements of Mimosa are dependent

on the presence of oxygen, and are therefore vital. But it was
not, and could not be, until the existence of living protoplasm

in the cells of plants was realised, and the movements of free-

swimming organisms and naked reproductive cells had become
more familiar, that the true nature of the mechanism began to

be understood ; and then we find Cohn saying, as long ago as

i860, that "the living protoplasmic substance is the essentially

contractile portion of the cell." This statement may, perhaps,

seem to put the case too bluntly, and to savour too much of

animal analogy ; but the study of the conditions of turgidity has

shown more and more clearly that the protoplasm is the pre-

dominant factor. The protoplasm of plant-cells is undoubtedly

capable of rapid molecular changes, which alter its physical

properties, more particularly its permeability to the cell-sap. It

may be that these changes cannot be directly compared with

those going on in animal muscle ; but if we use the term " con-

tractility " in its wider sense, as indicating a general property of

which muscular contraction is a special case, then Cohn's state-

ment is fully justified. This is borne out by the observations of

Sir J.
Burdon-Sanderson (1882-88) on the electrical changes

taking place in the stimulated leaf of Dionaea, and by Kunkel's

(1878J corresponding observations on Mimosa pudica : in both

cases the electrical changes were found to be essentially the

same as those observable on the stimulation of muscle. We
find, then, that the advances in Physiology, like those in

Anatomy, teach the essential unity of life in all living things,

whether we call them animals or plants.

With this in our minds we may go on to consider in conclu-

sion, and very briefly, that department of physiological study

which is known as the Bionomics of CEcology of plants. In the

earlier part of the century this subject was studied more

especially with regard to the distribution of plants, and their

relation to soil and climate ; but since the publication

of the "Origin of Species" the purview has been greatly ex-

tended. It then became necessary to study the relation of plants,

not only to inorganic conditions, but to each other and to

animals ; in a word, to study all the adaptations of the plant

with reference to the struggle for existence. The result has

been the accumulation of a vast amount of most interesting

information. For instance, we are now fairly well acquainted
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with the adaptations of water-plants (hydrophytes) on the one

hand, and of desert-plants (xerophytes) on the other ; with the

adaptations of shade-plants and of those growing in full sun,

especially as regards the protection of the chlorophyll. We
have learned a great deal as to the relations of plants to each

other, such as the peculiarities of parasites, epiphytes and
climbing plants, and as to those singular symbioses (Mycorhiza)

of the higher plants with Fungi which have been found to be
characteristic of saprophytes. Then, again, as to the relations

between plants and animals : the adaptation of flowers to attract

the visits of insects, first discovered by Sprengel (1793), has

been widely studied ; the protection of the plant against the

attacks of animals, by means of thorns and spines on the surface,

as also by the formation in its tissues of poisonous or distasteful

substances, and even by the hiring of an army of mercenaries in

the form of ants, has been elucidated ; and finally those cases in

which the plant turns the tables upon the animal, and captures

and digests him, are now fully understood.

Conclusion.

Imperfect as is the sketch which I have now completed, it

will, I think, suffice to show how remarkable has been the

progress of the science during the nineteenth century, more par-

ticularly the latter part of it, and how multifarious are the

directions in which it has developed. In fact Botany can no
longer be regarded as a single science ; it has grown and
branched into a congeries of sciences. And as we botanists

regard with complacency the flourishing condition of the science

whose servants we are, let us not forget, on the one hand, to do
honour to those whose life work it was to make the way straight

for us, and whose conquests have become our peaceful posses-

sion ; nor, on the other, that it lies with us so to carry on
the good work that when this Section meets a hundred years

hence it may be found that the achievements of the twentieth

century do not lag behind those of the nineteenth.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

As was explained at length in our issue of March 22, in ac-

cordance with the new statutes of the University of London, a

reconstituted Senate is to be elected shortly. The new Senate

will be composed of the Chancellor, the Chairman of Convoca-
tion and fifty-four Senators, of whom sixteen are to be elected

by Convocation. These sixteen members of the Senate will have,

it would appear from the statutes, two distinct functions. They
will, in addition to their general duties as senators, be required

to form a special council for external students. This council,

which is to consist of twenty-eight members of the Senate, will

include the chancellor, the vice-chancellor, the chairman of Con-
vocation, the sixteen senators elected by Convocation, and nine

other members of the Senate elected by the Senate. Members
of Convocation will, in a few days, proceed to choose their sixteen

representatives ; and, not unnaturally, there is considerable

diversity of opinion as to the suitability of the nominated can-

didates. Two rival associations have sprung up. One body of

graduates insists that the duties to be performed upon the

ouncil for external students should be considered of paramount
importance in electing senators ; the other, that their responsi-

bilities as members of the Senate should be kept continually in

view, because the work of the new University as a whole, but

more especially the development of its teaching facilities, is of

the most pressing nature. While admitting the necessity of

safe-guarding the interests of the external student, and of en-

suring the high value of the degrees of the University, it is

desirable that every possible means of improving the higher
education of London should receive primary consideration. It

would be nothing less than a calamity were Convocation to elect

sixteen irreconcilables with no ideas outside that of introducing

the peculiar, though somewhat circumscribed, needs of the ex-

ternal student into all deliberations of the Senate. It is there-

fore to be hoped that the common-sense which attended the

election of their representative in Parliament will characterise

the selection of the sixteen senators chosen by Convocation. It

is easily possible to find members of the University who, while
fully aware of the needs, and in sympathy with the aims of the

external student, have also broad views as to the work of a great

teaching University.
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Dr. a. p. Laurie, lecturer in physics and chemistry at St.

Mary's Hospital Medical School, has been appointed principal

of the Heriot Watt College, Edinburgh.

Dr. Spenxer W. Richardson, lecturer on physics at the

University College, Nottingham, has been appointed principal

and professor of physics at the Hartley College, Southampton.

The Birkbeck Institution, London, which has now completed
seventy-seven years of educational work in the metropolis, com-
mences its new session on Monday, October i. The Institution

has had many additions to its appliances in recent years, and the

physical, chemical and metallurgical laboratories are now very

thoroughly equipped. The day classes provide courses in

chemistry, biology, physics and mathematics for the science

degrees of London University. During the recess considerable

additions and improvements have been made by the aid of a
gift of 2000 guineas from Mr. F. Ravenscroft, to commemorate
his completion of a membership of fifty years.

Addresses will be given at the opening of many of the

metropolitan and provincial medical schools at the beginning of

October. At Middlesex Hospital on October i, Dr. T. Clifford

Allbutt, F.R.S., will distribute the prizes gained during the

previous year and deliver an address. At St. George's
Hospital the introductory address will be delivered by Dr.

F/ancis G. Penrose. At University College the session of the

faculty of medicine will be opened by Prof. G. Vivian Poore ;

the session of the faculty of arts and laws, and of science, will

be opened with an address by Prof. F. W. Oliver on October 2.

At St. Mary's Hospital the introductory address will be given

by Mr. H. S. Collier. At St. Thomas's Hospital the session

will open on Tuesday, October 2, when the prizes will be dis-

tributed by Sir William MacCormac. At the opening of the

session at Charing Cross Hospital on October 2, Lord Lister

will deliver the third biennial Huxley Lecture. The London
School of Tropical Medicine will open on October i, and
the introductory address will be delivered by Sir William
MacGregor, K.C.M.G., C.B., on Wednesday, October 3. At
the London School of Medicine for Women the introductory

address will be given on October i by Miss Aldrich Blake, M.S.

,

M.D., after which the prizes for the past year will be distributed.

At the Royal Veterinary College the introductory address will

be delivered by Prof. McFadyean. The winter session at the

University of Birmingham will begin on October i with an
address by Prof. B. C. A. Windle. At University College of

South Wales and Monmouthshire, Cardiff, the address will be

delivered on October i by Sir John Williams. At University

College, Liverpool, the Bishop of Liverpool will deliver an
address on October 13 and distribute the prizes.

A summary of the scheme of work carried on by the Essex

Technical Instruction Committee for the promotion of interest

in the science of agriculture and other branches of knowledge
bearing upon rural industries, has been prepared by Messrs.

T. S. Dymond and J. H. Nicholas. The work is in every

respect satisfactory, and should do much to broaden the views of

the practical farmers of the county as to the value of agricul-

tural education and experiment. Every year an educational

excursion extending over several days is organised, the one this

year being to Denmark to study dairy farms and dairying, high

school and agricultural education, co-operation and organisation

of agricultural industry there. Field experiments are carried

out by arrangement with farmers distributed in all parts of the

county, the advantage being that as demonstrations of the effect

of manures, &c., they receive wider attention, and also that the

experiments can be made on each of the different classes of land

occurring in the county. Meetings of farmers are held in the

experimental fields in each district at the season most suitable

for studying the results of the experiments. The County

Technical Laboratories at Chelmsford are now recognised as

a centre from which information upon agricultural matters can

be obtained. The advice of the staff" is frequently sought on

insect and fungoid pests, on difficulties met with in the dairy,

&c., and their opinion asked on the value of foods and of

fertilisers, and the best manurial treatment of land. As occasion

arises, inquiries are undertaken on matters of agricultural

importance, such as the chemical and physical effect of the salt

water inundation upon agricultural land on the coast of Essex,

and the best method for its amelioration. The agricultural

work of the Essex Technical Instruction Committee is thus of

the same character as that carried on by the Government
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Agricultural Experiment Stations in the United States and
elsewhere.

This is the time of year when prospectuses and calendars of

Technical Colleges, Schools, and Institutes are received from

various parts of the country in such numbers that it is impossible

to do justice to them in a short note. Several publications of

this character recently received must, however, be mentioned.

The Northampton Institute, Clerkenwell, the principal of which
is Dr. R. M. Walmsley, has greatly developed, and has com-
menced a set of day courses in mechanical engineering, electrical

engineering and horological engineering. These courses have
already been announced in Nature, and their scope described.

Other changes tending to the greater efficiency of the Institute

have been introduced. A noteworthy point is that in many
parts of the prospectus notes are given which should be of real

value in making students understand what true education means,
and in directing their energies in proper channels. The notes

are in complete accord with rational methods of instruction.

The Merchant Venturers' Technical College at Bristol has for

many years been prominent among the the technical schools of

the country. It aims at providing a sound, continuous, and
complete preparation for an industrial career, and has developed
•with the times. Among recent improvements mentioned in the

-calendar we notice that a much larger physical laboratory has
feeen equipped and will be opened this session, and also an
additional special laboratory for heat and mechanical physics.

The prospectus of the Municipal Science, Art and Technical
Schools of Devonport has been received. Remembering the

tendency of students to skim over many subjects, instead of

concentrating their attention on a few, we are glad to see among
the regulations of the school the following note :

—" Students
are strongly advised not to attempt more than three subjects,

one of which should be practical geometry or mathematics, and
they should consult the teacher as to the course of study most
suitable to their profession."

The Municipal Technical School of Manchester is one of the

finest in the country, and its syllabus for the session 1900-1901

is proportionally attractive. The following extract from the

syllabus shows the relation of the work of the school to

that of a University College. "The chief object of the

school is to provide instruction in the principles of those

sciences which bear directly or indirectly upon our trades

aiid industries, and to show by experiment how these

(principles may be applied to their advancement. The aim

K)/ the school is distinct from that of the University Colleges, in-

asmuch as it is designed to teach science solely with a view to its

industrial and commercial applications, and not for the purpose

of educating professional scientific men. It, however, offers to

students of the University Colleges the opportunity of technical

instruction in the industrial applications of certain branches of

science."

The Calendar of the Royal Technical Institute, Salford, con-

tains much good advice to students, and many sound remarks

upon objects and methods of study. In the day classes of

(the Institute, the number of hours per week allotted to each

subject in the first year is as follows :—mathematics 6 ; general

Kphysics (including mechanics) 4 ;
practical physics 3 ;

electricity

.(theoretical) 2 ; electricity (practical) 2 ; theoretical chemistry

2 ;
practical chemistry 3 ;

practical, plane and solid geometry 2\ ;

•drawing (freehand, model, &c.) 3 ;
workshop practice 2 ; English

and French 4 ; total 334. The second and third years' courses

become more specialised according to the department which the

student proposes to enter. There is no compulsory course of

instruction for evening students. Students are free to select

. those classes which will help them to make progress in their

particular trade or business. They are warned, however, against

strictly confining themselves to such classes; it is pointed out

tfhat if they desire to gain a thoroughly sound knowledge in

^;echnical subjects, the study of them should be preceded by

-several of the pure and applied sciences. Thus, for example,

little real progress can be made in applied mechanics without a

knowledge of theoretical mechanics : or in machine or building

construction without geometry ; and unless the student undergoes

systematic instruction in mensuration, arithmetic and mathe-

matics, he will derive very little benefit from such subjects as

steam, machine design, physics, &c. Mathematics has been aptly

termed the alphabet of science, and students should not fail to

acquire mathematical knowledge if they wish to make satisfactory

progress in science and technology. The work of an Institute

inspired with this spirit cannot fail to be of value.
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SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, September 17.—M. Maurice Levy in

the chair.—^Remarks relating to the decomposition of nitric esters

and of nitroglycerine by alkalis, and on the relative stability of ex-

plosive materials, by M. Berthelot. In certain cases, instead of the
production of the alcohol and nitrate as in the normal reaction,

an aldehyde is formed, together with some nitrite. The results

of M. Leo Vignon upon the nitrocelluloses confirm these views.

—On the nomographic resolution of the equation of the seventh
degree, by M. Maurice d'Ocagne.—On the deformations of

contact of elastic bodies, by M. A. Lafay. Spheres of bronze
and steel were studied and the amount of compression under
varying loads measured by optical arrangements analogous to

the Fizeau apparatus for the measurement of the expansion
of crystals. The application of the theory developed by
Hertz showed differences between the calculated and observed
values which increased with the radius of the sphere.

Since this divergence might possibly be due to the mutual
friction of the surfaces in contact, experiments were made with
oiled spheres, but the results were not affected by the lubrica-

tion.—Action of iodine and yellow oxide of mercury upon
styrolene and safrol, by M. J. Bougault. Styrolene with iodine

and mercuric oxide yielded an addition product, not obtain-

able pure, but apparently CgHg-CHLCH^'OH, from which
phenylacetic aldehyde was obtained by the action of silver

nitrate. Safrol gives a similar addition product, but no alde-

hyde could be obtained from this by the action of silver nitrate.

—On the reduction of the nitrocelluloses, by M. Leo Vignon.
It has been shown in a previous paper that the nitration of cellu-

lose yields, not nitrocelluloses, but nitro-oxycellulose containing

an aldehyde group. With ferrous chloride, these bodies are

reduced, the nitro-group being eliminated but the aldehyde
group left intact. With ammonium sulphide, the reduction

takes place in a different manner, cellulose or hydrocellulose

being produced, substances without reducing action.
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A MANUAL OF THE ECHINODERMS.
A Treatise on Zoology. Edited by E. Ray Lankester,

F.R.S. Part iii. The Echinoderma. By F. A. Bather,

J. W. Gregory and E. S. Goodrich. Pp. ix + 344.

(London : A. and C. Black, 1900.)

THE first instalment of the long-expected "Oxford

Zoology "—first, that is to say, in order of publica-

tion—will be heartily welcomed as filling a distinct gap

in zoological literature, and not of this country alone.

During the latter half of the nineteenth century scientific

literature has accumulated with such rapidity as to

render it practically impossible for a zoologist at the

present day to master thoroughly more than a limited

part of his subject. To acquire a knowledge of the

results gained in fields other than that which he has

made his speciality, he must be dependent to a large ex-

tent upon the manuals and guide-books compiled by those

who are sufficiently familiar with the latest discoveries

in particular branches of zoology to be able to give a

clear and critical account of the present state of know-

ledge in these departments. Nowhere is this necessity more

strongly felt than in dealing with the Echinoderms,a group

in which the student is confronted, on the one hand, with

intricate morphological problems and with phylogenetic

questions of a most puzzling kind ; and, on the other

hand, with such a vast array of extinct types that the non-

expert feels at once out of his depth when attempting to

obtain an adequate knowledge of them. In the Pelma-

tozoa, practically half the phylum, we find a group of the

greatest historical and phylogenetic importance, but one

in which the existing forms teach us no more about the

race in the past, and regarded as a whole, than do the

modern Egyptians about the former dynasties whose

remains are entombed in their land. The abundance of

forms unearthed by the palzeontologist has called forth a

literature which exemplifies fully the danger of some-

thing like a deadlock in zoological science, as the result

simply of its fertility. The student soon loses his way
and finds himself struggling with a mass of hard facts

and contradictory hypotheses, due on the one hand
to the great diversity of form and structure in the objects

themselves, and on the other hand to difficulties insepar-

able from the study of animals known almost entirely as

fossils. Any one who has endeavoured, for instance, to

gain an acquaintance with the structure and evolution of

fossil Crmoids from the voluminous works of Messrs.

Wachsmuth and Springer and other writers must have
felt the urgent need for a guide and interpreter, failing

whom It was necessary either to study deeply or to

pass lightly by, to become an expert or to be
content with ignorance. Yet no one with even a
superficial acquaintance with the problems of Echinoderm
morphology and phylogeny would willingly pass over

the extinct forms, and least of all the more ancient

Pelmatozoa, such as the Cystids and their allies, since it

is obvious that here, if anywhere, is to be found in a
concrete form the solution of many puzzles in the evo-

lution of the phylum. Nowhere is palaeontology, as a
source of material evidence for theories of phylogeny,
given so fair a trial as in the case of Echinoderms with
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their complete skeleton and consequent abundance of

well-preserved fossil types, and it must be conceded that

palaeontology, if it condescends to speak clearly, can

give the only final judgment in questions of evolution

and ancestral history.

For many reasons, therefore, a plain and intelligible

account of the Echinoderms, and especially of the

Pelmatozoa, by those who have an expert knowledge of

them, both as fossils and as recent forms, was greatly to

be desired, and in the present volume we have the first

complete treatise that has been published under these

conditions in any language. The intention of the authors

is to give a systematic account of the Echinoderms,

including every known genus, living or extinct, and at

the same time to trace as far as possible the evolution

and relationships of the forms comprised under each

class or order, as inferred both from their structural

affinities and from their succession in time. The aim in

view is therefore to effect a happy combination of the

older styles of systematic treatise with the modern
methods of comparative morphology, developmental

history and phylogenetic speculation.

An introductory chapter, giving a general description

of the organisation and development of Echinoderms,

from the pen of Mr. Bather, attempts to trace the origin

of the characteristic radiate symmetry from the bilateral

ancestor represented by the Dipleurula larva. Like

most other recent authorities on the group, Mr. Bather

supports the opinion that the radiate symmetry was ac-

quired in all Echinoderms during an ancestral fixed

stage, in which the animal fed by means of currents

produced by cilia and directed along special food-grooves

towards the mouth. In all animals with this mode of

nutrition, which was probably the primitive method in

each of the principal phyla, except perhaps the Cnidaria

and the Arthropods, the general tendency of evolution

is towards a reduction or loss of active locomotion, and

frequently towards fixation, which certainly occurred in

the Echinoderms. The common ancestor of the phylum

was, in fact, to all intents and purposes, a Pelmatozoon,

fixed by the aboral pole, the original right side of the

bilateral ancestor, and with ciliated grooves converging

to the mouth on the upper side. Amongst the Cystids

ancestral stages are to be found showing the gradual

acquisition of a radiate pentamerous symmetry, first by

the food-grooves and then by the skeleton and other

organs of the body, last of all by the gonads. The
Pelmatozoa retained permanently this mode of life, con-

tinually adapting and perfecting their organisation to

the necessities entailed by it. The other Echinoderm

classes, on the other hand, grouped together as

Eleutherozoa, and including the modern starfishes,

sea-urchins and holothurians must have become free

again at a very early period after the acquisition of

radiate symmetry, giving up their method of nutrition

by means of ciliary currents, and losing in consequence

their food-grooves, which atrophy as such, the condensa-

tion of the nerve-plexus at the base of the grooves per-

sisting, and being further specialised as the "superficial''

nervous system. The holothurians were the first stock to

become Eleutherozoic, radiate symmetry in their case

not having extended to the gonads, as it has in the case

of the starfish and urchins.

A A
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The direct and positive evidence which is available

may seem at first sight an insufficient foundation for the

hypothesis of a Pelmatozoic ancestor of all Echinoderms,

that is to say, a pre-Cambrian form in which the food-

grooves initiated a radiate symmetry with which all

other systems of organs gradually fell into line. But the

necessity of some such assumption becomes irresistible

when we realise by careful reflection the inadequacy of

any other theory to account for the evolution of the

characteristic radiate symmetry and the complete hold

it has taken upon all organs of the echinoderm body. In

the ontogeny of existing types it always seemsas if it were

the hydrocoele or water vascular system which actually

set the tune to which all the other systems of organs

dance, but it is difficult, if not impossible, to imagine

clearly a course of ancestral evolution, limited and

guided, as it must have been, by the necessities of the

struggle for existence, in which the hydrocoele took the

initiative in this respect, and did not itself follow the

lead of some other system. The hydrocoele of the

Pelmatozoic ancestor was probably at its first origin

simply a compartment of the coelom which had the

function of furnishing tactile tentacles, formed as hollow

outgrowths of the body-wall, in connection with the food-

grooves. On this hypothesis it is easy to understand

why the hydrocoele was the first system of organs to

be affected by the radiate symmetry initiated by the

primitive nutritive system, and consequently why, in the

Eleutherozoa, after atrophy of the food-grooves, the

symmetry should apparently start from the hydrocoele

itself.

In the present volume the Pelmatozoa are also under-

taken by Mr. Bather, who recognises four classes

—

Cystids, Blastoids, Crinoids and Edrioasterids. Another
and perhaps more natural {i.e. phylogenetic) classification

is hinted at (p. 39), but the arrangement quoted above is

adopted as involving the least disturbance of established

names and ideas. The Pelmatozoa occupy about two-

thirds of the volume, and the treatment of this most
difficult group cannot be too highly praised. An expert

in this branch of zoology might perhaps find details to

criticise or ideas with which to disagree ; the worker in

other fields can only express his appreciation of the eru-

dition displayed and the labour expended in setting forth

the structure and evolution of this vast series of forms. In

a group which is to a large extent represented by fossils,

and in which so little material is available at the present

day for the scalpel and the microtome, it is natural that less

space and attention should be given to the anatomy and
morphology of the soft tissues than to that of the

skeleton and its never-ending complications of plates

and ossicles. A simple Crinoid is taken as a type of

Pelmatozoic organisation, and its anatomy is briefly de-

scribed. One small point, at least, in this description is

open to criticism. The author.identifies Ludwig's blood-

vessel and ring in the Crinoid as the " pseudhaemal," i.e.

perihaemal, system (pp. 100 and 102). This seems to

be an oversight, as elsewhere (p. 26) he states that

this system " is so much reduced in Crinoidea
that its existence is denied by some authors."

Since the perihaemal system of canals, where well

developed, as in the starfish, has been shown very
clearly to be of coelomic origin, it is impossible to identify
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with it the Crinoid "blood-vessel," which has all the

characters of the canals termed in this work the

"lacunar" or"ha;n>ar' system. If anything in the

Crinoid arm is to be identified as perih.emal (a term
we much prefer to pseudhremal), then probably the sub-

tentacular canals have the most right to this title, as

being coelomic canals which occupy approximately the

same position as the perihaemal canals in the starfish,

and which have also the same relation to the lateral

nerve cords that the perihaemal canals have to " Lange's

nerves." On this view we should have to regard the

perihaemal system as a portion of the coelom, which in

the Pelmatozoa has reached only an incipient degree of

specialisation, being in the region of the disc completely

merged in the general body-cavity.

The account of the Holothurians has been written by
Mr. E. S. Goodrich, who gives a useful summary of our

present knowledge of the group. The remaining

Eleutherozoa—Stelleroidea and Echinoidea—have been

undertaken by Prof. J. W. Gregory, whose researches on
these groups are well known to zoologists, and who gives

us a most valuable and complete account of them. It is

necessary, however, to point out a few errors or over-

sights which have crept in, some of which are important,

though they do not detract from the value of the work
as a whole. On p. 261 it is pointed out that we are

indebted to Sladen for a memoir on the aberrant form

Astrophiura., and the work is quoted in due course

amongst the literature of Stelleroidea, but nowhere else

is any reference made to Astrophiiira and its peculiari-

ties ; it is omitted from the classification, does not appear

in the index, and is, in fact, ignored altogether. The
genus Ophioteresis is used as an argument for

uniting the Asteroids and Ophiuroids on the ground

that " the radial ambulacral vessels and nerve

trunks lie in shallow grooves on the ventral surface

of the anus " (p. 262 ; also pp. 270 and 274). The
author gives no definite authority for this statement, but

leaves us to infer that he obtains the fact from Bell's

description of the genus. Bell, however, did not describe

any such condition as that which Gregory dwells upon

so often and makes the basis for such important de-

ductions, and it is highly improbable that it occurs at all.

It is much more probable the ambulacral vessels and

nerve trunks pass in Ophioteresis through the aperture

in the centre of the vertebral ossicle which Gregory

figures plainly enough (Fig. xiv.), while maintaining a

discreet silence about it. Finally, it must be mentioned

that the peristomial plates in the Ophiuroid mouth

skeleton are not " between the mouth frames and the

buccal shields " (p. 264), but are above, i.e. to the aboral

side of, the former, according, at least, to the careful

descriptions and figures of Ludwig ; the "mouth fi-ames"

are between the buccal shields and the peristomial plates.

A conscientious reviewer does his best to find mistakes

in the works submitted to his scrutiny and judgment.

In the present instance it cannot be said that we have

been very successful in our search, having regard to the

size and scope of the work. In conclusion, we can but con-

gratulate heartily the editor, authors and publishers on

the very valuable treatise they have produced, a work

which reflects credit on all concerned, and is a triumph

for English zoology. E. A. M.
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THE BOTANY OF CAPTAIN COOK'S
FIRST VOYAGE.

Illustrations of the Botany of Captain Cook's Voyage
Round the World in H.M.S. '•'•Endeavour" in 1768-71.

By the Right Hon. Sir Joseph Banks and Dr. Daniel
Solander, with Determinations by James Britten.

Part I. : Australian Plants. loi Plates, with descriptive

letterpress. (London : Printed by order of the Trustees
of the British Museum. All Booksellers. 1900.)

" OETTER late than never" may be said of the book
-L' the title of which is given above. It is a curious

fact that the scientific results of several of the most

important and most costly voyages of discovery, both

English and foreign, have either not been published at

all, or only in part, and in a fragmentary manner. Cook's

first voyage is, perhaps, the most notable example of un-

finished works of this kind in the history of British

exploration. This is the more to be deplored, because

collecting and methodical investigation were carried out

on a scale previously unknown, and an immense sum was

subsequently expended by Sir Joseph Banks in preparing

the botanical results for publication. This is not the place

to enter into the causes of the cessation of this part of the

work ; but it was not the only part that was long be-

lated. It was not till 1893 that Captain Cook's own
"Journal " was published, edited by Sir William Wharton ;

and three years later appeared Banks's "Journal" of that

memorable voyage, edited by Sir Joseph Hooker.

Although I have said " better late than never," it is

obvious that the illustrations now in course of being issued

have been, to some extent, forestalled, and the letterpress

is historically interesting, rather than a contribution to

science. According to the prospectus the complete work

will comprise 800 plates ; these will include a series illus-

trating the botanical collections of Cook's second voyage,

when the Forsters, father and son, were the naturalists.

Sydney Parkinson was the botanical artist on the first

voyage, but he and the two other artists all died on

the voyage, and their work was left in an unfinished

condition. So much has been written about the plates

now being issued and the desirability of their publi-

cation, that something superior to what they really

are was probably expected by most people. Indeed

it is difficult to suppress a feeling of disappointment.

Compared with the botanical illustrations of other

expeditions of discovery of a little later date, they

are hard and unattractive, and floral dissections are

almost entirely wanting. They lose, too, in effect, as

they are transfers and not direct impressions of the

original engravings on copper. The majority of the

plates were engraved from drawings by F. P. Nodder,

prepared from Parkinson's sketches and the dried speci-

mens, and only the former name appears on the plates.

Our remarks on this point, however, should be regarded

in the light of explanation rather than criticism, because

after all we must not forget that their publication has

been delayed more than a century. Of course, it is

highly regrettable that they were not published at the

time, so that they might have been more fully utilised in

the many publications that have appeared during the

last century and a quarter on Australasian and Pacific

Islands botany. A fact of great importance is that a

comparatively small number of the plants here depicted

had previously been figured. Mr. Britten has most con-

NO. 1 6 14, VOL. 62]

scientiously reproduced Solander's descriptions and
remarks, even to the extent of palpable errors. Thus the

locality Endeavour River is given throughout as En-
deavour's River, and "petioli ^-uncialia," instead of

unciales. But perhaps this course is more satisfactory

than any attempt at improving the original ; and errors

of the latter kind may be due to slips of the transcriber.

The keenest reader may overlook false terminations in

Latin descriptions, and the most ready writer is apt to

make them.

On the other hand, our thanks are due to Mr. Britten

for much valuable information, and the correction of

many current errors. Doubtless when the time comes

for the " Introduction," some account will be given of the

countries or districts explored, and the botanical results

summarised.

With regard to nomenclature, it is fortunate that,

although the rule of priority has been strictly followed,

there are few suppressions of familiar names ; but that is

because there were few opportunities. Of course, the

familiar names appear, but only as synonyms. Mr.

Britten is an uncompromising disciple of the school of

reformers, and he has been permitted to exercise his

will in this national publication. Thus lonidium becomes

Calceolaria; and the calceolarias that everybody is

familiar with have Fagelia for their generic name.

Cosmia takes the place of Calandrinia; Damapana
that of Smithiaj and Caulinia that of Kennedya. The
complications that such changes cause are almost inter-

minable, as the revival of one name may affect half-a-

dozen other well-established generic appellations. But

this is not the place to discuss the question. Botanists

will be thankful to the Trustees of the British Museum
for this valuable addition to their pictorial books, which is

at the same time a monument to some of the scientific

pioneers in British exploration.

W. Dotting Hemsley.

OUR BOOK SHELF.
Fancy Water-Fowl. By F. Finn. Pp. 45. Illustrated.

(London : Feathered World Office, 1900.)

Mr. Finn, especially to Indian readers, is such a well-

known writer on popular ornithology in more than

one journal that the reproduction of a series of his

articles in book-form can scarcely fail to be welcoined

by a wide circle. And in selecting ornamental, or " fancy,"

water-fowl as a subject, he has hit upon one which appeals

to a large number of bird lovers, if for no other reason

than the facility with which these handsome birds can

be reared and kept in confinement, even when the

available space is limited.

The author has confined himself, on the advice of a

lady friend, to well-known species, and in the selection

he has made he is, on the whole, to be congratulated.

We should, however, have liked to see mention made of

the so-called Coscoroba Swan of South America, on

account of its very peculiar organisation, although we are

well aware that, chiefly owing to its delicate constitution,

it is seldom seen in European collections.

Both the illustrations and the text have been repro-

duced in their original guise from the Feathered World.

With regard to the page plates there is considerable indi-

vidual variation in their degrees of excellence, the figure

of the Spotted-bill Duck, forming the frontispiece, being

decidedly superior to that of Rosy-billed Pochards which

comes later, the last-mentioned being somewhat coarse
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and blurred in outline. Indeed, we venture to think that

if a second edition be called for it would be a decided

improvement if the plates were photographed down to

octavo size, while at the same time the text might be

printed in larger type.

As it is, however, the book is decidedly attractive,

and ought to prove indispensable to all breeders of

ornamental water-fowl. R. L.

Catalogue of Eastern and Australian Lepidoptera

Heterocera in the Collection of the Oxford tjniversity

Museum. Part ii. Noctuina, Geometrina and
Pyralidina. By Col. C. Swinhoe. Pterophoridas and
Tineina. By the Right Hon. Lord Walsingham and
John Hartley Durrant. Pp. vi + 630 ; with 8 plates.

(Oxford : Clarendon Press, 1900.)

The first volume of this important work was published as

long ago as 1892 ; it included the Sphinges and Bom-
byces ; and the second and concluding volume, which is

nearly twice as thick as the first, has at length been
issued.

A great number of Lepidoptera Heterocera (moths)
were described by the late Francis Walker, not only from
the British Museum, but from various private collections,

chiefly from that of W. Wilson Saunders. After the

death of the latter, large portions of his collection found
their way into the Oxford Museum, and the types have
now been carefully identified, and a considerable number
figured. This is extremely important, as it will enable
lepidopterists at a distance to identify species with
more certainty than by descriptions alone ; and a figure

also helps to fix the identity of a species in case the

type should be lost or destroyed.

About 2340 species of moths are enumerated in the
present volume, and we note that in addition to Walker's
types many described by Mr. F. Moore and other
entomologists are likewise contained in the Oxford
Museum ; nor must we omit to mention that several new
genera and species are described and figured by the
authors of the Catalogue for the first time. However,
the work is one which, notwithstanding its importance,
appeals so exclusively to specialists that a more lengthy
notice is hardly required in the columns of Nature.

W. F. K.

Sir Stamford Raffles : England in the Far East. By
H. E. Egerton, M.A. Pp. xx + 290. (London

:

Unwin, 1900.)

This volume, which is one of a series, entitled " Builders
of Greater Britain," and edited by Mr. H. F. Wilson,
does not call for much comment in a journal devoted to

science. The author of the biography naturally deals
mainly with Sir Stamford Raffles as an administrator in

the Straits Settlements and the Malay Archipelago, and
only incidentally, and that very briefly, refers to him as a
zoologist. Raffles was, as everybody knows, one of the
founders, and the first president, of the Zoological Society
of London ; and his bust adorns the lion house of that

society. Mr. Egerton, in narrating this fact, is chiefly

impressed by " how much innocent pleasure this distin-

guished child-lover has given to countless thousands of
children " by his successful eff'orts in this direction. He
mentions, however, the collections which he took care to

make, and which were largely reported upon by Dr.
Horsfield. In those days much that was brought back
from the East in the way of zoological specimens was
quite new to science, and the animals had to have names
given to them ; it is not such a great compliment as Mr.
Egerton seems to think to name a species Gymnura
rafflesii, after Sir Stamford. This compliment is usually
paid to the capturer of a new form, and it is ridiculous to
say that " Raffles' reputation in the scientific world is

attested by the fact that the great French naturalist, M.
Geofifroy St. Hilaire, described a new variety of animal
under the specific name ' Rafflesii.'"
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LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any otherpart of Nature.
No notice is taken of anonymous communications.

^

The Teaching of Mathematics.

Prof. John Perry has asked me to write something in

criticism of the views he has lately expressed about the teach-

ing of mathematics. I am inclined to ask, What is the use ?

He knows my views pretty well, and others too ; and those

who don't can learn them if they want to by buying my books.
That is the best way, as it brings in one-and-threepences, and
so does some good. I think there is a great deal to be said on
both sides, and that if you are a born logic-chopper you will

think differently from Faraday. The subject is too large, and
I will only offer a few remarks about the teaching of geometry,
based upon my own experience and observations. Euclid is

the worst. It is shocking that young people should be addling
their brains over mere logical subtleties, trying to understand
the proof of one obvious fact in terms of something equally, or,

it may be, not quite so obvious, and conceiving a proiound dis-

like for mathematics, when they njght be learning geometry, a
most important fundamental subject, which can be made very
interesting and instructive. I hold the view that it is essentially

an experimental science, like any other, and should be taught
observationally, descriptively and experimentally in the first

place. The teaching should be a natural continuation of that

education in geometry which every child undergoes by contact
with his surroundings, only, of course, made definite and
purposeful. It should be a teaching of the broad facts of

geometry as they really exist, so as to impart an all-round

knowledge of the subject. It should be Solid as well as Plane ;

the sphere and cube, &c., as well as llie usual circle and square ;

models, sections, diagrams, compasses, rulers, &c. , every aid

that is useful and practical should be given. And it should be
quantitative as well. The value of -k should be measttred ; it

may be done to a high degree of accuracy. So with the area
of the circle, ellipse and all sorts of other things. The
famous 47lh. The boy who really measures and finds it

true will have grasped the fact far better than by a
logical demonstration without adequate experimental know-
ledge ; for it happens that boys, who are generally

very stupid in abstract ideas, learn a demonstration without
knowing what it is all about in an intelligent manner. It may
be said by logicians that you do no\. prove anything in this way.
I differ. It might equally well be said that you prove nothing
by any physical measurements. You have really proved the

most important part. What a so-called rigorous proof amounts
to is only this, that by limitation and substitution, arguing about
abstract perfect circles, &c., replacing the practical ones, you
can be as precise as you please. Now when a boy has learnt

geometry, and has become competent to reason about its con-

nections, he may pass on to the theory of the subject. Even
then it should not be in Euclidean style ; let the invaluable

assistance of arithmetic and algebra be invoked, and the most
useful idea of the vector be made prominent. I feel quite

certain that I am right in this question of the teaching of geo-

metry, having gone through it at school, where I made the

closest observations on the effect of Euclid upon the rest of

them. It was a sad farce, though conducted by a conscientious,

hard-working teacher. Two or three followed, and were made
temporarily into conceited logic-choppers, contradicting their

parents ; the effect upon most of the rest was disheartening and
demoralising. I also feel quite certain about the experiential

and experimental basis of space geometry, though that opinion

has been of slow growth. If I understand them rightly, it is

generally believed by mathematicians that geometry is pre-

existent in the human mind, and that all we do is to look at

nature and observe an approximate resemblance to the pro-

perties of the ideal space. You might assert the same pre-

existence of dynamics or chemistry. I think it is a complete
reversal of the natural order of ideas. It seems to me thai

geometry is only pre-existent in this limited sense ; that since we
are the children of many fathers and mothers, all of whom grew
up and developed their minds (so far as they went) in contact

with nature, of which they were a part, so our brains have grown
to suit. So the child takes in. the facts of space geometry
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naturally and easily. The experience of past generations makes
the acquisition of present experience easier, and so it comes
about that we cannot help seeing it. But it is all experience,

after all ; although learned philosophers, by long, long thinking

over the theory of groups and other abstruse high developments,

may perhaps come to what I think is a sort of self-deception,

and think that their geometry is pre-existent in themselves,

whilst nature's is only a bad copy. Like the old Indian

pundit, whose name was something like Bhatravistra, who, after

fifty years inward contemplation, discovered God ;—where—it

would not be polite to mention. Oliver Heaviside.
September 22.

The New Senate of the University of London.

In your paragraph (Nature, September 27, p. 543) on the

new Senate about to be elected in the University of London,
you have put the issue as it has occurred to me. I have not

been able to give my support to either of the two bodies which
have set their electoral machinery in motion, for the simple

reason that neither of them has produced a list of names of

candidates in which higher educational work is adequately

represented. I thoroughly endorse your remark that " It would
be nothing less than a calamity were Convocation to elect

sixteen irreconcilables with no idea outside that of introducing

the peculiar needs of the external student into all deliberations

of the Senate."
The University may boast of the value of the degree ; but

this is only to say that as an organism its cell-Xvio. is strong. As
an organism, however, its somatic life is weak ; and the summa-
tion and co-ordination offunction is the main idea for the new
Senate of the University to keep before it, if the University is

to be a factor of real power in our national and imperial life in

the centuries to come. An experience as a teacher of over a

quarter of a century (Wellington College and Nottingham)
entitles me, I think, to speak on this matter.

Bishop's Stortford, September 28. A. Irving.

The Peopling of Australia,

In the issue of Nature dated December 28, 1899, there

appeared a notice of my book, " Eaglehawk and Crow," from
the pen of Prof. A. C. Haddon. A copy did not reach me till

the end of February, and for that and other reasons which need
not be mentioned I delayed replying to the criticisms passed.

With your kind permission I shall now endeavour to meet the

principal objections raised to my work, with a desire of advanc-

ing, if even in a very small measure, our knowledge of Australian

ethnology. All ethnologists are agreed upon the difficulty of

the Australian problem, and no one who attempts to solve it

will be surprised at their agreement.
I regret that, owing to my omitting to define my use of the

term Melanesian, Prof. Haddon misapprehended one of my
fundamental positions. In a note on page 5 I say, " Papuan
is applied, not in its narrowest application (dark New Guinean),
but as the equivalent of Melanesian, and is meant to include the

Tasmanian aborigines, &c." From this Prof. Haddon inferred

that I excluded the Papuans proper from my Papuan race.

Nothing was further from my intention. I included them as a

sub-race under the wider term Melanesian, as many writers have
done, as even the latest writer on the subject, Deniker, has done
in his " Races of Man," page 2S5, and elsewhere. The basis

of my ethnological position may be thus represented :

—

Papuan Proper.

''\irR°'^"'""Mala„.,ia„ Proper.
sian Race.

T„^ : r, . r Primitive Australian.
I asmanian Papuan. \ ™^ (Tasmanian.

This classification underlies my whole book. I confess that I

would now prefer to restrict the name Melanesian to the
Melanesians proper as less liable to ambiguity, but in making
Melanesian the general name I followed the lead of others
much more competent than I am. That I recognised the nar-
rower application of Papuan is evident from the above quotation
from page 5, and such a passage as the following shows that I

recognise Melanesians proper. "There are indications of
groups of Melanesians having reached Australia on the eastern
Queensland coast," page 73. Further, I invariably refer to
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the Tasmanians as Papuans, with occasionally some such quali-

fying word as primitive.

My solution of the Australian racial problem having received
the approval of Prof. Keane (" Ethnology," pp. 291-2), I may
state it briefly here. The now extinct Tasmanians represent the
primeval Australian aborigines. They were probably not a
pure race, but embraced Negrito and Papuan elements. At
the time of their arrival in Australia they probably occupied the
islands to the north, and their congeners were the first to occupy
Melanesia. Upon the primitive Papuans there was a strong
graft of what, for want of a better name, and following the
example of others, I have called " Dravidians," using this as a
term of convenience to indicate likeness to the people of
southern and central India. Then followed a further migra-
tion, in a desultory manner, of people of Malay stock ; the
precise locality whence these came is indeterminable, but I give
evidence of distinctly Sumatran influence in the north-west.
Concurrently, or subsequently, companies of Melanesians proper
and Papuans proper have mingled with the Australians on the
north and east of Queensland.
The two earliest immigrations entered Australia from New

Guinea or neighbourhood. The population became distributed

by streams diverging from the base of Cape York Peninsula.

When allowance has been made for Prof. Haddon's miscon-
ception of my use of the term Papuan, there is little more in

his notice that needs to be referred to, as he concedes my main
positions.

Mr. S. II. Ray, having been invited by Prof. Haddon to offer

observations upon the linguistic part: of the work, criticised it in

a manner which seems to be unnecessarily caustic, fastening at-

tention upon petty points which he objected to, and ignoring the
main issues. He begins by asserting that I belong to a school
of Australian pseudo-philologists who believe that a likeness

of words in sound and meaning is a proof of common origin,

and this in spite of my explicit disavowal of such a position,

and my exposure of the unsoundness of it on page 44, where I

show that on such a principle the Australian languages might
be derived from the English. Having made so fair a start

. with a pttitio principii, by gross misrepresentation of my
statements, he proceeds to buttress his assertion. "We are

asked to believe," he continues, "that Malay immigrants,
presumably from various parts of the Archipelago, entered
Australia from the north, and wandering about the interior,

scattered 'astonishing relics' of the speech of one of their

sections all over the island continent." He is not asked to

believe any such ridiculous nonsense, and it is singularly dis-

ingenuous to say so in the face of my sober statements on
page 57, " Either the Malay inroad, if made at the north, took
place in long past ages, or now and again parties of Malays,
either from choice or necessity, landed and became naturalised

at various spots on the east, north and west, and modified
the speech of the people, first immediately round them, and
then landwards": and on page 61, "This last influx (the

Malay) may have come by several little rills, entering at

places widely apart and gradually losing themselves in the

life-lake." The "wandering about the interior" is a pure

invention of Mr. Ray's. When the universal practice of

exogamy is taken into account, along with the general pres-

sure and movement of people, language, customs, &c., from
north to south, my theory of Malay influence on the Austra-

lian people and language will be accepted as reasonable by
unprejudiced minds. In the Journal of the Anthropological
Institute for 1894-5, in a paper on "The Languages of

British New Guinea," this very Mr. Ray uses language, and
language alone, as a basis of classification for proving racial

distinctions and affinities and movements. I do not say that

this was an improper use of the linguistic argument, but it

differs from mine in this, that I rarely rely upon language

alone. I back up the linguistic evidence by that of other

ethnological characters.

To come to particulars : my identifying a certain type of

Australian words for "Head" with the Malay "Kapala"is
objected to because " Kapala " is a word of Indian origin. But

the word has been current in Malay for five or six centuries, and
is in use in that very part of Sumatra from which, according to

my hypothesis, came the authors of the best Australian rock-

paintings. It is quite possible that I may be mistaken in

relating certain Australian words to " Kapala," but Mr. Ray's

ground of objection has little or no cogency.

"Mama "and "bapa" are terms for mother and father of
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wide currency in Australia. The former I connect with early

Papuan influence, the latter more especially with Malay. He
objects on the ground that connectives of " mama" are more
common in the Malay districts of the Eastern Archipelago than

"bapa." But in Australia the word " mama " occurs only in

the extreme S.W. and S.E., among the purest modern repre-

sentatives of the earliest occupants of Australia, thus affording

ground for the conclusion that the term " mama " preceded the

term "bapa." The wide prevalence of "bapa" forms in other

countries I myself refer to on page 44 ; but the question is, What
race was specially influential in giving such forms currency in

Australia? As against my position it is not sufficient for Mr.
Ray to say that " mama " variants are of more frequent occur-

rence in Malay centres than "bapa" variants, he will have to

prove that the words of " mama" type are not adopted words
in Malay, were not earlier in use in the East Indian Archipelago

than the other type of words, and are not more markedly
Papuan than these.

Mr. Ray complains that individual words in the languages
quoted "are not always accurately given or properly under-

stood." This may be ; but like himself I am dependent upon my
authorities. When further on he suggests that I might have
attempted uniformity of spelling in the foreign words, he is like

the "children sitting in the market-place." A desire to be free

from suspicion of tampering with my borrowed materials kept
me from applying to them a uniform system of spelling, and
evidently my caution was not unnecessary.

Mr. Ray's harshness is all the more indefensible since he him-
self falls demonstrably into error on the very point upon which
he proposes to correct me. As proof of my mistaking the form
and meaning of words, he cites the New Guinea numerals

(pp. 165, 169). He says they are explainable compounds. He
does not, however, attempt to explain them. But even if they
are, this fact alone does not prove that they could not be trans-

mitted to Australia. One feature about Australian numerals is

clearly shown in my tables, viz. that they occur geographically
in lines that converge on Cape York Peninsula. Some of them
are most certainly identical with forms in use on Saibai Island
on the New Guinea coast, ^.^. "woorba," with variants trace-

able along the Queensland coast from a point about 1000 miles

S.E. of Cape York, and represented in the form "warapune"
Prince of Wales Island, "woorapoo" at Warrior Island, and
in " urapon " at Saibai. One numeral, " luadi " (two), used
by the Kalkadoon tribe, whose territory is about 150 miles south
of the Gulf of Carpentaria and some 600 miles S.W. of Cape
York, is a Melanesian numeral. It did not ily that distance

through the air. And there is just as little doubt about the iden-

tity of at least several of the other Australian numerals with the
New Guinea forms to which I have related them. My table of
numerals was not formed rashly. It will be worth Mr. Ray's
while to examine and test it carefully. The convergence of
numerals upon Cape York Peninsula is only one striking illus-

tration of what occurs in the case of other words, and words
thus traced to the very coast must have come from New Guinea
and adjacent islands.

As another example of my misunderstanding words, Mr. Ray
refers to my " ori kaiza," pp. 66-7. He says: " Ori kaiza"
is mongrel, " ori " (bird) is Toaripi, Papuan Gulf, and "kaiza "

(big thing) is Saibai, West Torres Straits. This is, for himself,
a most unfortunate example. Although he speaks so authori-
tatively, he is utterly at fault. Sir W. MacGregor s reports give
" uroi " (bird) as a Saibai word ; and even Mr. Ray himself,
in his paper already quoted from, gives " urui " as Saibai for

'bird,' a fact he appears to have forgotten. Besides, in the
" Voyage of the Raitlesnake,^'' containing vocabularies obtained
in 1849 from a white woman who had been among the natives
for four and a half years, McGillivray gives " wuroi " as a Cape
York word, and " ure " as a Kowrarega word, both meaning
bird. Mr. Ray's assertion, therefore, that " ori kaiza " is mon-
grel, is contrary to fact, and my tracing of this compound word
across Australia from S.W. to N. E. , and to the New Guinea coast,
is not in the least invalidated by Mr. Ray's groundless and
inconsistent statement that the word is mongrel.

Mr. Ray characterises my comparison of Australian words
with Malay and New Hebridean as "absurd and misleading."
This may be so to one with his pre-conceptions, but certainly
not fiom the point of view which I have taken of the rela-

tion subsisting between the races whose words are compared. If
the Tasmanians were the original occupants, both of Australia
and the greater part of Melanesia, which is my hypothesis, it
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is not unreasonable to suppose that certain radicals would be
common to Tasmanians, Australians and Melanesians proper.
And further, one of the most competent authorities on the
Oceanic languages, the Rev. Dr. MacDonald, of Efate, is of
opinion that Malay, Melanesian and Polynesian are sis'er

languages derived originally from one mother tongue. If he
be right, there would be no absurdity in affirming analogies
between Malay and New Hebridean words. But I have in-

cluded the Malay with a note almost like an apology. I only
cite eight Malay words, and the only conclusions I draw con-
cerning the Malay in this connection is " The terms for father,

skin, are the same in Malay, Australian and New Hebridean "

(page 156).

I would have liked to have shown that the Melanesians
proper have had much more influence upon the Australians
than Mr. Ray seems to have any conception of, but I have
already taken up so much space that I must content myself with
saying that this proposition can be successfully maintained, and
with your indulgence I hope in a future letter to make good my
words. In conclusion, I would just say that I welcome fair and
sound criticism based on accurate knowledge for its influence in

promoting truth, but mere fault-finding and ridicule can benefit

neither authors nor readers. One sentence from my reviewer in

the Saturday Review may not be out of place here :
—" If Mr.

Mathew has not proved his theories to the satisfaction of all his

readers, it is not from lack of knowledge or scientific methods,
but from the imperfection of his materials."

Coburg, Victoria, August 16. John Mathew.

THE PRESERVATION OF BIG GAME IN
AFRICA.

pAST experience in America and South Africa shows
-^ how rapidly the teeming millions born of the soil

may be shot out. Writers of half a century ago describe
on the veldt in South Africa a paradise of varied life,

which is now irretrievably lost, through the carelessness
and wastefulness of white men. Some species have
absolutely disappeared, never to be seen again on the
face of the earth. Others are so scarce that it is doubtful
whether their power of reproduction can save the race.

The fact that an International Conference, attended by
delegates from Germany, France, Italy, Portugal and
the Congo Free State, on the subject of the preservation
of the game from destruction in Africa, met recently in

London, under the auspices of our Foreign Office, shows
that a widespread interest is now taken in this subject.

Let us see how the matter stood previous to the meeting
of the Conference—at least as regards British territory.

Excluding the settled parts of South Africa which were
outside the purview of the Conference, we may observe,
in the first place, that our Foreign Office appears to be
thoroughly alive to the urgency of the question in those
territories under their jurisdiction. They had enacted
game regulations which ought to have been effective for

their purpose. A 25/. license was imposed upon strangers,

and one of 3/. upon residents and of^cials, as a necessary
condition of shooting, while the licensees were limited

to two specimens in the case of elephants, rhinoceros,

hippopotamus, buffalo and giraffe. Fines up to 500
rupees, and imprisonment for two months, were the maxi-
mum penalties. Above all, Reserves for the game were
defined. Similar regulations to the above were in force

in German territory ; but let us confine our attention to

British East Africa as an example with which I am
familiar. Here, on the best feeding grounds, there are
vast herds of wildebeest, hartebeest, impala, zebras,

gazelles of several species, and in lesser numbers water-

buck, giraffes and rhinoceros. All these, and others,

may be seen from the windows of the train as it traverses

the new Uganda railway, which has now been con-
structed to a point about two-thirds of the way to Lake
Victoria. The Kenia province, which is about 100 miles

by 40, has been constituted a game Reserve. Other
Reserves have been established in Uganda and British

Central Africa. Each of the Foreign Powers engaged
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in the Conference have bound themselves to provide

similar^Reserves where they have not already done so,

and to maintain them as such with strictness, and much
depends upon the interpretation of that word. Now this

is just what we had not until recently done in the case of

the Kenia Reserve.
One of the regulations provides "That public officers

may be specially authorised to kill, &c." in that Reserve.

Unfortunately the words " may be authorised " in this

regulation were interpreted by many of the Protectorate

and railway officers stationed at Nyrobe, Kikuyu and
elsewhere as " are authorised," and thus as making them
free of the Reserve. This laxity of interpretation had a

tendency to spread, and large quantities of game were at

first killed there after the arrival of the railway. A
Reserve is no true Reserve which is subject to personal

exceptions, and in the circumstances which I have
detailed was a delusion and of little value. We may rest

assured that, now that this defect has been pointed out,

the Foreign Office will not be backward to remedy it
;

and even if it were not so, they are under an international

obligation to make the Reserve a reality. We may, there-

fore, confidently expect that the words I have quoted,

which admit of a serious leakage, will disappear. It

must not be thought that the officers to whom I have
referred are indifferent to the preservation of game. It is

in their interest, above all others, that these regulations

should be maintained, and I am confident that the good
sportsmen, of whom there are many among them, are

anxious to be protected against those who cannot be so

described. Nothing can be stronger than their repro-

bation of the worst transgressors, as, for instance, of a

gentleman wearing her Majesty's uniform, who, I was
told, killed approximately a score of wildebeest in a day,

and left them rotting on the ground. The author of this

disgusting butchery was brought to book, but he passed
into Uganda, and thus, sheltered by a technicality,

escaped the payment of the fine. It is to be hoped that

the long arm of the autocratic committee which governs
both territories will ultimately reach this glaring

offisnder.

It remains to be considered in what respects the re-

commendations of the Convention will strengthen the

game laws in their present form. The principal recom-
mendations of the Conference may be summarised as

follows. A special and select list of animals are to be
absolutely protected at all times. Another schedule com-
prises the species which are to receive protection for

immature animals and breeding females. The sale of

tusks of elephants weighing less than eleven pounds is

forbidden, and finally each Power undertakes to establish

adequate Reserves and to protect them from encroach-

ment. It will be seen that these recommendations im-

pose upon them certain obligations, and we may thus

expect that the new regulations for the British territories

will include a schedule of animals as sacred from molesta-

tion as the bulls of Apis. The giraffe, eland and buffalo

are, at any rate, among those which are sure to enjoy
this royal distinction. It is a little difficult to see why
vultures, owls and rhinoceros birds, which are exceedingly
useful, but are not sought for food, should have been
added by the Conference to such a distinguished list.

The second list, of which the breeders and young are to

be protected, will doubtless include such animals as

rhinoceros, hippopotamus, waterbuck, sable, greater and
lesser koodoo. The importance of this will be seen when
it is remembered how slowly these larger animals breed.

Apart from these restrictions a limit will doubtless be
placed on the numbers of all the game animals allowed
to be killed under each license, a high limit being given

for the common species, and a nmch lower one, probably
not exceeding two specimens, for those in most danger
of disappearance.

Infractions of this rule may be somewhat difficult to
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detect, but every licensee, at the expiry of his license,

should be required to furnish a return of what he has
killed. This would impose a certain restraint on thought-
less sportsmen, and when the returns are collated would
form a basis for a valuable tabulation of the numbers of

each species killed from year to year, and serve as an
indication of the increase or diminution of any species

in a given area. A small export duty on skins and horns
would be a useful assistance to such a return.

The maintenance of Reserves is of the highest import-
ance for the preservation of the various species. In my
opinion, the position and boundaries of the Kenia
Reserve, which is perhaps the most important of all,

should be reconsidered. These boundaries were selected

because they happened to be the defined limits of a
Province, and not because they represented the real

needs of the game. A large portion of the area is

densely populated and cultivated. Another considerable

area is at a high elevation and covered with forest

which harbours some elephants ; but is of no use to the

great families of grass feeders, such as the zebras, the

numerous kinds of antelope and gazelle, the rhinoceros

and ostrich. The great bulk of these are confined to

the grass plains along the Athi River, and unfortunately

its left bank only is within the Reserve. This feeding

area is thus but a small fraction of the whole Reserve,
and is quite inadequate to feed the vast herds ; nor does
it, as a matter of fact, cover their frequent migrations
in search of fresh grazing, which extends to both sides

of the Athi, and southwards to the plains of Kilimanjaro.

The limited belt of grazing ground within the Reserve
has been still further curtailed by the location of the im-

portant railway centre of Nyrobe in the midst of it,

since the Reserve was constituted. This will necessarily

drive the game from that part of the protected plains.

It is therefore desirable that the boundaries of the

Reserve should be reconsidered by competent officers on
the spot, not forgetting the important assistance which
would be rendered by the railway in safeguarding and
watching it, provided it traverses it or skirts its boundary
on one side.

Then as to the difficult question of elephants, difficult

because of the high money value of their tusks. • I am
personally opposed to the destruction of elephants at all,

on the ground that, valuable as they are for their ivory,

that will soon come to an end at the present rate of

destruction, and that they might be still more valuable as

weight-carriers. That is, perhaps, a counsel of per-

fection, but that they require some far more effective

protection is obvious to every one who has studied the

subject. Recently an Englishman sold in Mombasa the

produce of his trip in ivory for 8000/. The hundreds of

elephants necessary to produce this amount were, of

course, not in the main killed by his own rifle. Some of

the ivory may have been bought, but numbers of native

hunters were said to have been hired for this purpose

and attached to his staff, and were sent far and wide
over the country. Thus this caravan must have left a

broad trail of destruction for hundreds of miles. When
the wealthy and powerful set such an example, how can
the law be enforced against those who have the excuse of

poverty. It is to be hoped that the Foreign Office will

be able to devise means for the arrest of wholesale

destruction like this. Although the Convention has not

recommended it, is it too much to hope for the imposition

of an adequate export duty, uniform at all the ports of

exit, to whatever Power they may belong, and the total

prohibition of the export of cow ivory ?

The question of bringing resident natives under the

prohibition which extend to Europeans requires to be
carefully weighed. In my opinion, it is neither possible

or just to stop their hunting so long as they are confined

to their primitive weapon, the poisoned arrow. From
time immemorial the destruction caused by the indigenous
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inhabitants has not appreciably diminished the stock.

The land and the animals upon it are their birthright,

and to interfere with it would surely cause trouble. We
are not bound, however, to furnish them with civilised

weapons, and every precaution should be taken to

prevent their obtaining them.

Finally, the best of rules are useless without two things

—a sound public opinion among the resident whites

whom they chiefly affect, and a firm and knowledgable

man to carry them out. The first exists, and I am con-

vinced is on the increase. How should it be otherwise,

unless one presupposes the most shortsighted selfishness ?

As to enforcing the rules, that which is the business of

several officials, all of whom are engaged in office work, is

practically no one's business. Let there be one man on
the spot—that is to say one in each great game district,

and especially in each Reserve—whose duty it is to know
and to act. E. N. Buxton.

NOTES.
As was announced in our last issue, many of the medical

schools in London and elsewhere were re-opened this week, and

addresses were delivered by well-known medical men and men
of science. At the Charing Cross Hospital Medical School the

third Huxley Lecture was delivered by Lord Lister on Tuesday.

A COURSE of twelve " Swiney " lectures on "Extinct and

Persistent Types " will be delivered in the lecture theatre of the

Victoria and Albert Museum, South Kensington, by Dr. R. H.

Traquair, F.R.S., on Tuesdays, Wednesdays, and Fridays from

October 9 to November 2. No charge is made for admission to

the lectures.

At the meeting of the Royal Photographic Society to be held

on Tuesday next, October 9, the President will deliver his

annual address, and present the medals awarded at the Society's

Exhibition.

The Lettsomian lectures will be delivered before the Medical

Society of London in March and April next, and the oration

will be given in May by Mr. F. Richardson Cross.

The seventeenth annual meeting of the Association of Official

Agricultural Chemists is to be held at the Columbian University

of Washington, commencing on Friday, November 16 next.

The fourteenth International Medical Congress will be held

at Madrid early in 1903, under the presidency of Prof. Julien

Calleja.

The annual " Fungus Foray" of the Essex Field Club will

take place on Saturday next from High Beach, Epping Forest.

The prospective arrangements of the club include the opening

of the Essex Museum of Natural History by the Countess of

Warwick, on the i8th inst. The scientific winter evening

meetings will be resumed in the Physical Lecture Theatre of

the West Ham Technical Institute on October 27.

Science announces that Prof. H. T. Todd, having reached

the age limit, has retired from the Directorship of the U.S.

Nautical Almanac. Prof. S. J. Brown, astronomical director

of the U S. Naval Observatory, has undertaken the duties of

the office.

According to the Lancet, a scheme has been sanctioned by

the Charity Commissioners by which 644/. left to the Royal

College of Surgeons of England in 1884 will be devoted to

providing every four years a "Cartwright Medal" for an essay

on dental surgery. The medal will be accompanied by an

honorarium.

The gold medal of the American Philosophical Society,

known as the Magellanic, will be awarded in December next

for the best discovery or most uselul invention in the physical

sciences brought before the Society before November i.
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Prof. F. Klein has been awarded 800 marks by the

Gottingen Society of Sciences for his Mathematical Encyclo-

paedia, and the same society has awarded 500 marks to Prof.

Wiecherts for that worker's seismological recording instruments.

In addition to the medals and prizes given for communica-

tions discussed at the meetings of the Institution of Civil

Engineers in the past session, the Institution has made a num-

ber of other awards in respect of other papers dealt with during

the same period, e.g. a George Stephenson medal and a Telford

premium to Mr. L. F. Vernon Harcourt, and Telford premiums

to seven other gentlemen. For students' papers, the James

Forrest medal and a Miller prize have been awarded to Mr.

C. B. Fox, the James Prescott Joule medal and a Miller prize

to Mr. J. W. Smith, and Miller prizes to four other students.

The council have nominated Mr. R. F. Whitehead to the Palmer

scholarship at the University of Cambridge in succession to Mr.

A. H. Kirby.

A NEW technical school is to be erected in Belfast on a

portion of the grounds purchased from the Royal Academical

Institution, and a principal is to be appointed shortly at a salary

of 600/. per annum, whose experienced practical advice will,

it is hoped, be of much value in making the interior arrange-

ments of the building, and in organising the work of the

institution while the building operations are in progress.

Prope rty valued at upwards of 200,000 dollars has been left

by Mr. Charles H. Smith for the maintenance of the botanical

specimens in the city park of Providence, Rhode Island.

We have had pleasure on more than one occasion to refer to

the good work that is being done to the cause of scientific

educ ation by the Essex Technical Instruction Committee, and

are glad now to call attention to two new courses of lectures

that are about to be inaugurated by the committee. A first-year's

course of instruction in botany for teachers will commence at

Chelmsford on Saturday, October 6, and will be continued on

successive Saturdays until about the middle of May, 1901, and an

elementary course of practical instruction in dairy bacteriology

will commence on Thursday, October 11, and will be continued

on ten consecutive Thursdays.

The Windward, according to Science, was expected to reach

St. John's by about the middle of September, but a short delay

would not be surprising as the vessel started late, owing to some

difficulty with the machinery, and was subsequently delayed by

ice along the coast of Labrador. The arrival of the steamship is

awaited with interest and some anxiety, as news will be brought,

not only of the return of Peary, but also of Captain Sverdrup and

Dr. Stein. The former has the Fram provisioned for five years,

with a crew of twelve men. He planned to round the northern

boundary of Greenland and to make his way down its unknown

east coast to Cape Bismarck. It is said that the expedition

under Dr. Robert Stein of the U.S. Geological Survey, who is

accompanied by Mr. Leopold Kann, of Cornell University and

Mr. Samuel Warmbath of Harvard University, was poorly

equipped and left in a dangerous position. Lieut. Peary himself

expected to establish his last depot at Cape Hecla, the most

northerly point of Grinnell Land just beyond the 82nd parallel,

whence he intended to advance with Eskimo and sleds as far

north as possible.

At a meeting held on June 12 last at the University o.

Melbourne, it was unanimously resolved to form a society to be

called the Society of Chemical Industry of Victoria, the objects

for the establishment of the society being : {a) to afford its

members opportunities of meeting and discussing matters con-

nected with applied and industrial chemistry ; [b) generally to

advance the cause of chemical industry in Victoria. It was
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further resolved that meetings shall be held at monthly intervals

during the greater part of the year, at which papers on special

branches of industrial chemistry are to be read and discussed.

At a subsequent meeting, Prof. Orme Masson was elected

president. The first paper to be read before the Society was
one by Mr. D. Avery on September 4, on the cyanide process

for gold extraction. The Society has made an encouraging

start, as up to the end of August 118 members had been
enrolled. We trust a lengthy and prosperous career lies before

the new arrival.

The sixteenth session of the Queensland branch of the

Royal Geographical Society of Australasia was inaugurated

at Brisbane on August 17, when a paper was read by the

secretary—Mr. J. R. Thomson—on the geographical evolu-

tion of the Australian Continent. In connection with the

society it has been decided to award a medal annually for the

best and most scientific paper on some subject dealing with

Queensland, and a fund for this purpose has been opened.

The seventy-second annual meeting of the Association of

German Naturalists and Physicians opened on September 17

at Aix-la-Chapelle with an attendance of about two thousand

members. Of the thirty-eight sections, seventeen are devoted to

such subjects as natural history, geology, geography, education,

&c., the remaining twenty-one dealing with all the special

subjects of medicine, including balneology, accidents, history of

medicine and medical geography, and finally veterinary matters.

A special correspondent of the British MedicalJournal states

that at the opening meeting the usual speeches of welcome
were delivered by the Mayor and others, and the introductory

addresses this year were by arrangement devoted, not only to

giving a retrospect of the subject, but also to a sketch of its de-

velopment during the nineteenth century. Dr. J. H. van 't Hoff
spoke on the development of the exact natural sciences (natural

history, chemistry and allied subjects). Dr. G. Hertwig
delivered an address on the evolution of biology, in which,

after relating anatomical discoveries, he came to the large

question of the natural origin of the organic world. He con-

sidered that theories as to inheritance and natural selection still

rested on the uncertain basis of hypothesis. He pointed out,

however, that the difficulty arose from the absence of sufficient

prehistoric records, and expressed his agreement with the

opinion of Huxley that Darwin's teaching as to evolution will

survive, apart from his principles of selection. Prof. Naunyn
gave an address on the evolution of medicine, connecting the

progress of the science with the names of Schwann, Pasteur,

and Lister. The fourth and last address was given by Prof.

Chiari, whose subject was the evolution of pathological

anatomy.

The British Mycological Society and the Cryptogamic Society

of Scotland held a most successful meeting at the Boat of Garten

from September 17 to 22. Various portions of the old forests

of Rothiemurchus and Abernethy were worked from day to day,

and a rich collection of scarce Hydnei and Cortinarii was
secured. Prof. Marshall Ward (President of the British

Society) gave an address, entitled "Nutrition of Fungi," and
also contributed a paper on " Naematelia." Exeter was selected

as the centre for next year's foray in the last week in September,

and Prof. Marshall Ward was re-elected President.

At the annual meeting of the Hull Scientific and Field

Naturalists' Club, on September 26, an active and successful

year of work was reported. A committee has been formed to

work in connection with the National Trust for Places of

Historic Interest or Natural Beauty ; several important " finds"

have been made during the weekly excursions ; an exhibition of

local natural history, geological and archaeological specimens
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has been held in the Technical Schools ; and the Club has

become a Corresponding Society of the British Association.

Every one interested in astronomy will welcome the new
publication Astronoviischer Jahresbericht, the first volume of

which, for the year 1899, has recently made its appearance. This

important yearly volume is published by Herr Walter F.

Wislicenus with the aid of the Astrononiischen Gesetlschafl, and

printed in Berlin (Druck und Verlag von Georg Reimer, 1900,

pp, 536). The object of this volume is to present to astronomical

readers a brief summary of the contents of every publication,

whether it be in book, article or pamphlet form, which treats of

any matter connected with theoretical or practical astronomy, or

with researches in astrophysics. The project is a great one,

and with careful attention could be carried out successfully.

This, the initial volume, reflects great credit on Herr Wislicenus,

who, although associated with five other workers, seems to have

laboured nobly and undertaken the greater part of the

volume. The subject-matter is divided into four main sections,

namely :—General and historical ; astronomy, which includes

spherical, orbit determinations, celestial mechanics, instruments

and methods of observation, and, lastly, observations ; astro-

physics ; and geodesy and nautical astronomy. The work is made
complete by an excellent table of contents, and an index of

names and the full titles of works referred to are given in each

case. The author hopes that for future volumes he will have

the help of all well-wishers of this work, and that such help

will take the form of either references to published works or the

works themselves, especially when they appear in transactions

of societies which are published too late for insertion in the

yearly volume, or other publications which are not specially

devoted to astronomical matters. A glance at the present

volume is sufficient to show the utility and value of this work,

and it should be found in every astronomical observatory' and

laboratory.

Quoting from the Botanical Gazette, Science says that the

private herbarium of Mr. Harry N. Patterson, of Oquawka,

Illinois, containing about 30,000 sheets, has been secured by the

Field Columbian Museum, and will be installed as promptly as

careful cataloguing will admit. The botanical department of the

museum is, says our contemporary, to be congratulated upon

this accession of one of the notable private herbaria of the

country ; one that will add a complete collection of Pringle's

Mexican plants to its already excellent representation of the

flora of that region and the Antillean islands. Mr. Patterson's

herbarium is more or less contemporaneous with that of the late

Mr. Bebb, which the museum secured some three years ago,

and as Mr. Patterson made it his aim to secure a complete

series of the species of North America, its addition to the

collections of the museum will be of great value to botanical

students and specialists in the west.

The Royal Italian Institute of Military Geography ha

thoroughly revised the old map of the region round about

Vesuvius, issued by the institute in 1876, on the scale of

1/10,000. It has also completed a new plan in relief of the

cone of Vesuvius which has been subject in recent times to con-

siderable changes in its configuration owing to the repeated

eruptions. Both map and plan have been prepared under the

direction of Prof. Matteucci, who for years has made a study o

Vesuvius. The correction of the map has been rendered

necessary, not only by the eruptions, but also by the number of

new roads and buildings.

The discovery of a new gutta-percha is reported from

Zanzibar. This substance is derived from a tree which grows

principally at Dunga. When tapped with a knife, a white fluid

exudes, which, when placed in boiling water, coagulates into
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a substance which in character bears a very striking resemblance

to gutta-percha. As the material cools it becomes exceedingly

hard, but while soft it can be moulded into any required shape.

The fruit of the tree resembles a peach in shape, but grows to

the size of a small melon. Experts have experimented with

this new product to see if it in any way possesses the qualities

of gutta-percha, and although it is not expected to prove

equal to the genuine article, it is considered that it will be

quite suitable for some purposes for which gutta-percha is at

present utilised, and it will thus become a marketable article.

It is said to abound in Zanzibar, and will be a very cheap

product.

Writing to thQ British Medical Journal on the subject of

*' Mosquitoes and Malaria," Mr. H. J. Elwes, F.R.S., says :—

"The connection between mosquitoes and malaria seems to be

now so clearly proved that some experiments should be under-

taken by the Indian Medical Department to find out under what

conditions mosquitoes do not produce malaria. Some years ago

when on a hunting expedition in a very malarious district in the

Bhotan Terai, I succeeded in escaping malaria by keeping within

mosquito curtains till after sunrise, and getting into them again

as soon as possible after dark, smoking freely at the same time

within the curtains of my camp bed. Two out of the four

Europeans of my party, and nearly all the natives who did not

take these precautions, suffered so severely from malaria that

our camp was unable to march after three weeks in the district.

I may mention that it was then observed by experienced officers

that from fourteen to eighteen days was the time which elapsed

between exposure to infection and the appearance of severe

fever. But there are places in Eastern Bengal and no doubt

elsewhere where mosquitoes are very numerous and annoying,

which do not seem to be subject to severe malaria, and I re-

member that Dacca, the only place where I was kept from

sleeping a whole night by mosquitoes, was looked on as a station

free from severe malaria, and I certainly, though I had pre-

viously been suffering from fever in Assam, never had a touch of

it there. The great importance of finding out as soon as possible

what precautions should be enforced by those responsible for

the health of soldiers and others who are obliged to live in

malarious districts cannot be overrated."

In his report on the work of the Government Laboratory,

Dr. T. E. Thorpe refers to the examination of some ordinary

writing ink which was submitted to him by the Stationery Office,

on a complaint that it thickened excessively and clogged the

pen, and, in illustration, a sample of the contents of the ink-

wells in use in the particular public office was forwarded, to-

gether with a sample of the ink as supplied. It was found that

after the deposition of the separated solid matter of the ink, col-

lected from the ink-wells in use, the fluid portion had a specific

gravity twice that of the ink supplied. In other words, the ink

had been allowed to become concentrated by evaporation to prac-

tically double its original strength through the use of excessively

large ink-wells and inattention to the supply. It is, of course,

necessary that the ink supplied shall be capable of furnishing a

record which may be relied upon as permanent. Ink made
with tannin and iron salts has had the advantage of very ex-

tended and prolonged use, with the result that complete confi-

dence is felt as to the permanence of writing, for which it is

used. But ink of this character possesses the undoubted dis-

advantage that it rapidly thickens on exposure, and Dr. Thorpe
points out that it is specially advisable that such ink should be

used in ink-wells of small size which receive regular attention at

short intervals.

It may safely be said that as petrol stands to-day as the

paramount means of propulsion for automobiles accommodating
passengers and of a light character, so steam has forced its way
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(at least in this country) as the means adopted for heavy motor
vehicles for road service, carrying a load varying from three to

ten tons. In support of tliis argument, an interesting article is

given in the Engineering Magazine for September, describing

these heavier types of vehicles, and although all typical designs

are mentioned in every case, not petrol, but steam, represents

the power used. As can be well imagined, these heavier class

of waggon have had many difficulties to overcome, and with the

exception of one type, a ten ton steam motor waggon by Messrs.

C. and A. Musker, of Liverpool, the general designs are

practically the same. The Thorneycroft waggon is fully

described and illustrated in its diflferent applications, ranging

from the tipping dust van to a steam delivery waggon, and pro-

vided with a "trailer," by which is meant a vehicle towed

behind. The ratios of gearing between the engine and the

driving axle are lo'i and 177 to i. On all ordinary gradients

five or six tons can be taken, two of which are conveyed on the

trailer. Several other waggons by different makers are illus-

trated, with their dimensions graphically stated. The chief

differences lie in the position and type of the engine, the power

transmitted to the driving wheels in different ways, various

kinds of boilers and different working pressures employed, and
slight external appearance. The " Musker," already referred

to, is only in its experimental stage, its chief features being an

efficient liquid fuel burner combined with a flash-type boiler

built up of three cylindrical coils of strong steel tubes, and the

flame circulating in the annular space between them. All

machinery is placed beneath the " body," thus affording a

larger loading area than any other vehicle. It remains to be

seen, however, whether the advantage claimed will be realised ;

if so, and considering its great load capacity (ten tons), it is

indeed an important step in this branch of engineering.

A REPORT on the geology of the West Moreton or Ipswich

coal-field in Queensland, by Mr. W. E. Cameron, has been

published at the Geological Survey Office, Brisbane. It is

accompanied by an appendix on the economic value of Queens-

land coal by Mr. Robert Wilson. The Ipswich coal-field is

estimated to cover an area of about 12,000 square miles, and

the coal has been most extensively worked in the neighbourhood

of the town of Ipswich, which is about twenty-five miles south-

west of Brisbane. The strata are of Jura-Trias age, and they

are a good deal folded and faulted. They yield workable

coals from two to four feet and more in thickness. Experiments

made on the Government steamer Oder by Mr. Wilson show

that some varieties are very good and useful steaming coals ;

and that generally the coals of Queensland '

' are well able to

hold their own with any others at present found in Australia."

The report is illustrated by a detailed geological map en a scale

of an inch to twenty chains, and also by a geological map of a

large area on the scale of an inch to a mile.

The third volume of the Annales of the French Meteoro-

logical Office, containing rainfall values and completing the

observations for the year 1897 (see p. 490), has been published

in a greatly reduced form. The daily rainfall values are given

for three hundred stations only, instead of nine hundred, and

the scale of the rainfall charts has also been reduced. The

valuable series of monthly and annual summaries are given for

all stations, as before.

In the Botanical Gazette for August, Prof. D. G. Fairchild is

enthusiastic as to the advantages presented by the Botanic

Garden at Rio de Janeiro for the study of tropical botany,

although at present no facilities are afforded for teaching or

study. lie regards Rio, with its fashionable suburb Petropolis,

as the most picturesque city in South America. To any botanist

who wishes to study tropical vegetation, Petropolis and the

other suburbs of Rio will prove the most attractive place in the
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world. As compared withjthe mountains ofJava or Sumatra, they

are civilised, and have a much more salubrious climate and all

the conveniences of modern civilised life. The south island of

Hawaii or the South Pacific Islands have no such stretches of

virgin forest, or such a flora or fauna ; to explore Ceylon is hot

and uncomfortable in comparison ; and the mountains of Jamaica

and Trinidad are uninhabited except by scattered planters.

Prof. Fairchild reckons the hotel expenses at Petropolis as about

two dollars per diem.

Frequent as earthquakes are in the Philippine Islands,

those of the year 1897, being unusual both in number and in

violence, form the subject of an important memoir by P. Jose

Coronas, which we have just received from the Observatory of

Manila. He estimates the total number of shocks at 307, occur-

ring in 108 groups. No part of the archipelago was entirely

free from earthquakes, though less than five were felt in

Mindoro, Paragua and the central part of Luzon. In the north-

east of Samar, where more than a hundred were felt, they were

most frequent and most destructive. Full descriptions are given

of the three most important earthquakes—those of Luzon, 6n

August 15 ; Zamboanga, on September 21, with the accompany-
ing sea-waves and long series of after-shocks ; and Samar, on
October 19-20. Four of these earthquakes were recorded at

distant stations, both Shide and Edinburgh being more than

11,000 kms. from the origins. The mean velocities of the waves
of the two principal Zamboanga earthquakes are estimated at

87 and S'l kms. per second along the surface, or 7-6 and 7-1

kms. per second along the chords.

Determinations of the rate of increase of underground

temperature, apart from their scientific interest, have an important

practical application in fixing the limit of depth at which mining

operations can be carried on successfully. In this connection a

report has been lately issued by the Department of Mines of the

Government of Victoria, dealing with observations of under-

ground temperature at Bendigo, the author being Mr. James
Stirling, Government Geologist. The rise of temperature of the

rocks with the depth varies in different parts of the earth's sur-

face, thus making it difficult in any mining district to determine

what the rate of increase is without actual experiment. Thus,

if we accepted the hitherto recognised formula for the Bendigo

field of 1° Fahr. for every 60 feet in depth, we should have a

temperature of 125° at the 3,500 feet level. The observations

already made prove that this temperature is not reached. It

has been asserted in some quarters that mining might extend to

as great a depth as 10,000 feet, if the difficulties of haulage

could be overcome ; but when we consider the effect of com-
pressing the air at such a depth {i.e. the compression caused by
its own weight), it will be seen that ventilation under ordinary

conditions would be practically unattainable. At a depth of

10,000 feet the ventilating current entering the shaft at, say, a

temperature of 60° Fahr., would attain a temperature of 90° by
its own weight, altogether apart from the additional heat

acquired by contact of the air with the heated rock surfaces. It

is possible, however, to imagine a limit of 5000 feet as a work-
able depth, although the present observations as to the normal rate

of increase of temperature of the rocks at Bendigo— 1° Fahr. for

every 135 feet—suggest 4000 feet as a convenient practical limit

to healthy working. Mr. Stirling's report is accompanied by
charts illustrating the temperature and pressure gradients in No.
180 mine. In connection with the composition of the air, Mr.
Stirling calls attention to the very defective ventilation of many
mines, and to the necessity of owners and directors of mines
taking steps to remedy the existing evils.

In Nature, vol. lix. p. 133, we briefly referred to the very
interesting investigations of MM. Hildebrandsson and Teisserenc

de Bort into the history and present conditions of dynamical
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meteorology. Part ii. of this important work has now beert

issued, dealing generally with revolving storms, and the organi-

sation of the international meteorological services, and particu-

larly with the parts taken by Le Verrier, FitzRoy, and Buys
Ballot, and reproducing specimens of the earliest reports and
charts issued by each. Le Verrier seems to have been the first

in Europe to conceive the idea of telegraphic weather fore-

casts, although, owing to inadequate support, he was the last

of the three to introduce a regular working service. It is

interesting to read, thirly-five years after the death of Admiral

FitzRoy, the judgment of the eminent authors upwn his work
in this country, viz. that the criticism of his weather service was-

both severe and unjust, and Le Verrier's opinion is quoted that

if he did not arrive at sufficiently practical results, probably oi>

account of the limited area dealt with, no one else in his place

could have done better. In another chapter, dealing with the

fundamental works in the different countries between 1865 and

1872, the laborious investigations of Dr. Buchan occupy a pro-

minent place. The publication of his remarkable memoirs and
charts at this early epoch were of the highest importance in the

development of dynamical meteorology, and the early researches

made subsequently in other countries have been, to a great

extent, simply verifications of his ideas. The Storm Atlas of

Prof. Mohn, the present chief of the Norwegian Meteorological

Service, the publications of the Meteorological Office, and the

Synoptic Charts of the late Captain Hoffmeyer and of the

Copenhagen and Hamburg institutes, are also specially referred

to as having contributed greatly to the development of meteoro-

logical science.

The remarkable colour-changes exhibited by a familiar praivn

{Hippolyte variaiis) form the subject of an extremely interesting

and most beautifully illustrated paper by Dr. Gamble and Mr.

Keeble, which appears in the Quarterly Journal of Micro-

scopical Science for September. The species in question may be

met with commonly in the lower tidal pools along the shore, or

may be obtained by trawling in deeper water. It has long been

known that difterent individuals exhibit variations in colour

ranging from one end of the spectrum to the other, and also that

many specimens display a protective resemblance to the particular

seaweeds on which they may be resting. It is now demonstrated

that all the different colour-variations are capable of passing

into one another, and the protective resemblances of individuals

to their environment are most admirably displayed in the coloured

plates with which the paper is illustrated. But this is not all.

Twice during the twenty-four hours every specimen is living in

deeper water than ordinary, and this includes a certain change

in coloration to harmonise with the stronger or weaker light.

But a much more important colour-change is induced by the

daily alternation of light and darkness, and as the shades of

evening approach every single individual of the species gradually

loses its distinctive diurnal hue and becomes of a full trans-

parent azure blue. The change is heralded by a reddish glow

followed by a green tinge, which finally melts into the azure.

And it is not a little remarkable that the day-and-night change

has been so long established that it has become periodic and

occurs whether the specimens are kept in perpetual darkness or

vice vend.

To the same journal Monsieur E. L. Bouvier communicates

a supplemental paper on the results of his examination of the

series of examples of Peripatus in the British Museum. He
deals especially with the specimens described as P. jamaicensis,

which are shown to include two perfectly distinct species.

Our German contemporary, Nalurwissenschafiliche IVochen-

schrift, ol September 23, contains a long digest of Prof. G.

Siebert's translation of Lydekker's " Geographical History of

Mammals," which was published so long ago as 1897.
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The additions to the Zoological Society's Gardens during the

past week include two Macaque Monkeys {Macacus cynotnolgus)

from India, presented respectively by Mrs. Woods and Mrs.

Sassoon; a Plantain Squirrel {Sciurus plantani) from Java,

a Vulpine Phalanger {Trichosurus vulpecula) from Australia,

presented by Mrs. A. Jeffrey ; a Ground Hornbill (Bucorvus

abyssinicus), a Bell's Cinixys {Cinixys belliana) from West

Africa, presented by Mr. Henry Strachan ; a Peregrine Falcon

{Fako peregrinus), European, presented by Mr. W. R. Bryden ;

a Brazilian Tapir (Tapirus americanus), two Snowy Egrets

{Ardea candidissima), six Ring-necked Lizards {Tropidurus

iorquattis), three Surinam Lizards {Ameiva siirinamensis), a

Lizard {Crocodilurus lacertinus), two Tuberculated Iguanas

{Iguana tiiberculata), six Giant Toads (Bufo marinus) from

Para, presented by Captain A. Pam ; a Vivacious Snake

{Tarbophis fallax), European, presented by Mr. W. H. St.

Quintin ; a Spix's Macaw [Cyanopsiltacus spixi) from Brazil, a

Large Grieved Tortoise {Podocnemis expansa) from the

Amazons, six Florida Tortoises {Tesludo polyphemus) from

North America, four Elegant Snakes (
Tropidonotus ordinahis

infernalis), four Couch's Snakes
(
Tropidonotus ordinatus couchi)

from California, deposited ; a Bristly Ground Squirrel {Xerus

setosus) from South Africa, a Pink-headed Duck (Rkodonessa

caryophyllacea) from India, purchased.

OUR ASTRONOMICAL COLUMN
Ephemeris for Observations of Eros :

—

1900.
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lens have invariably been costly and heavy, and the Kodak
Company have made quite a new departure in cameras in

designing one that is light and cheap, and rapid enough in

action to serve as a hand camera. The sample shown is called

the "No I Panoram Kodak," from which we suppose that

larger cameras of the same pattern will be issued in due course.

It gives a picture seven inches long with a lens of about three and

a half inches focal length. Film is used, and the drawing of

it over the curved guides, to bring a new piece into position,

is no more difficult than changing the film in any of the other

"kodaks. It has no shutter as usually understood, but the lens

with its cone behind it swings beyond the sensitive surface and
past a little flap, so that in its position of rest light cannot pass

through the lens to the film. The apparatus is very ingeniously

constructed, simple and effective.

There are many other exhibits of technical interest that

might be noticed in detail, particularly, perhaps, photographs
of living creatures of all kinds ; but to enumerate them would
be to reproduce a considerable portion of the catalogue. Many
are evidence of the great skill and perseverance of the exhibitors.

Some fine examples of photogravure show this process at its

best. Some photogravures in colour, by Messrs. Ignatz Herbst
and Theodore Reichs, show what can be done by a single

printing after the various colours have been applied to the plate

by the hand of one or more artists.

The exhibition is open daily until November 3.

THE INTERNATIONAL GEOLOGICAL
CONGRESS.

'X'HE eighth International Geological Congress was held this
-^ year in France. The work of the Congress consisted of

papers read at the meetings at Paris, which were followed by
discussions, and by excursions into difi"erent parts of the country,

conducted by French geologists.

The meetings of the Congress took place from August 10-27

at the Palais des Congres, within the enclosure of the Inter-

national Exhibition.

The inauguration was held on Friday, August 16, under the

presidency of M. Leygues, Minister of Public Instruction and
the Fine Arts. M. Karpinsky, president of the last session of

the Congress at St. Petersburg, gave an address ; he then read

the following list of the members of the Committee, proposed by
the Council :— Ex-presidents, MM. Capellini and Karpinsky.
President, M. Albert Gaudry. General secretary, M. Charles Bar-

rois. \'ice-presidents—Germany : MM. H. Credner, Lepsius,

Schmeisser, Zirkel, von Zittel. Austria and Hungary : MM.
Biickh, Mojsisovics of Mojsvar,Tietze. Belgium : MM.Mourlon,
Renard. Bulgaria : M. Zlatarski. Canada : Dr. Frank Adams.
United States : Messrs. Hague, Osborn, Stevenson. France :

M.M. Michel-Levy, Marcel Bertrand. Great Britain : Sir

Archibald Geikie, Sir John Evans. India : Dr. Blanford.

Italy : MM. Cocchi, Mattirolo. Japan : M. Kochibe. Mexico :

M. Aguilera. Norway : Dr. Brogger. The Netherlands : M.
Martin. Portugal : MM. Choffat, Mende>-Guerreiro. Rou-
mania : M. G. Stefanescu. Russia : MM. Loewinson-Lessing,
A. P. Pavlow, Sederholm, Tschernyschew. Sweden : M. Hog-
bom. Switzerland : MM. Baltzer, C. Schmidt, Secretaries

:

MM. Zimmermann, W. Pavlow, von Arthaber, Gilbert, Crema,
Cayeux, Thevenin, Thomas. Treasurer : M. Leon Carez.

This list was voted with applause.

M. Albert Gaudry, the new president, then read the inaugural

address. In the warmest terms the eminent geologist welcomed
the assembly of scientific men who had come from all parts of

the world, and then proposed that they should rise to show
honour to the memory of the learned geologists who had passed
away since the last Congress. The president referred to the

principal propositions submitted during the preceding sessions,

and enumerated the four sections of the present Congress :

—

I. Section of general and tectonic geology.
II. Section of stratigraphy and palaeontology.

III. Section of mineralogy and petrography.
IV. Section of applied geology and hydrology.
M. Charles Barrois, general secretary, read his report on the

work of the Committee of Organi.sation. M. Leygues, Minister
of Public Instruction and the Fine Arts, welcomed the foreign

members of the Congress in the name of the Government.
Section I. (General and Tectonic Geology). President : Sir

Archibald Geikie.
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Papers :— Presidential Address on international co-operation

in geological investigation ; Chamberlin, the assistance of the

Congress in the fundamental investigations of geology ; J. Joly,
the geological age of the earth fixed by the amount of sodium
in the sea ; on the experiments relative to erosion In fresh

water and salt water ; order of the formation of silicates in

igneous rocks ; mechanical structure of marine sedimentation ;

A. de Lapparent, definition for each of the periods of the history

of the globe, of the regions where by preference arguments
should be sought on which the precise delimitation of the

geological strata and substrata could be founded ; Mtinier-

Chalmas, Parisian Tertiary strata, delimitation of the Secondary
and Tertiary formations ; Stanislas-Meiinier, phenomena of

subterranean sedimentation ; Bleicher, denudation of the

Lorraine plateau and its results ; Richter, reading of the

report of the Commission on Glaciers ; H. F. Reid, on the

movements of glaciers ; Arctowski, remarks relating to the

former extent of glaciers in the land regions discovered by the

Belgian Antarctic expedition ; /V/^«V/-.^a/2<'^, presentation of

the new geological map of Roumania on the scale of 1/300,000 ;

Voriveg, proposition tending to simplify the observation of the

inclination and strike of the strata; VAbbe /'ara/, geological

observations in the caves of La Cure (Morvan).
Section II. (Stratigraphy and Palaeontology). President :

Dr. von Zittel. Discussion on the report of the International

Commission on Stratigraphic Classification.

Papers :

—

Scott, fauna of Patagonia ; Raiilin, Tertiary dis-

tricts of Aquitania ; C. Eg. Bertrand, charbons gelosiques et

charbons humiques ; Grand''Eury,{oxm.2X\on of coal-seams in

the coal basins of Central France ; Leiniere, transformation of

vegetables into fossil fuel ; Osborn, progress of the methods
of palaeontology ; relations between the mammal fauna and
the Tertiary horizons of Europe and America ; E. Ficheur,

presentation of the third edition of the geological map of

Algeria on the scale of 1/800,000; Flamatid, on the geology
of the south of Algeria and the regions of the Sahara

;

Donvilli, on the Jurassic formation of Madagascar ; on the

results of the exploration of M. de Morgan in Persia ; Zeiller,

fossil plants of Tonquin ; Malaise, the Cambrian and Silurian of

Belgium ; Dr. P. CEhlert, on the reproduction of fossil types

;

W. F. Hume, the rift valleys of Sinai ; T. Barrow and W. F.

Hume, on the geology of the eastern desert of Egypt.
Section III. (Mineralogy and Petrography). President :

Dr. Zirkel. Honorary Presidents : MM, Rosenbusch and
Fouque.
M. Lacroix announced the views adopted by the Inter-

national Commission of Petrography in its meetings of October

25 and 26, 1899.

The following proposals were adopted by the Assembly :

—

( 1

)

The names of the authors should always be given after the

names of the rocks, as is the custom in zoology and botany.

(2) It is proposed to the Congress of 1900 to appoint an Inter-

national Commission charged to publish the names of all new
rocks with their descriptions as concisely as possible, with also

their chemical analysis and, if necessary, a drawing representing

their structure. This publication is to appear in the volume
of the reports of the International Congresses.

(3) It is, above all, desirable to regulate the nomenclature of

the eruptive rocks, where the want of unity is particularly felt.

Different authors attribute a different sense and signification to

one and the same name, while different terms are employed to

designate the same rock, the .^ame group of rocks, or the same
structure. All the inconveniences of the present nomenclature

can, and should be, avoided, at least for the large groups.

(4) The characteristics of the large groups, for example, of

the families should be founded on the mineralogical composi-

tion, supported by the chemical composition and the structure.

(5) The large groups ought to be fixed from the present

without disturbing the subsequent development of the classifica-

tion, and the separation of these groups into subdivisions.

(6) It is desirable to designate the principal types of structure

by special names.

(7) It is necessary to avoid the employment of the same term

in different senses,

(8) One should avoid as much as possible the employment
and introduction of different terms to designate the same notion,

the same rock, or the same group of rocks.

(9) It is necessary to avoid as much as possible for new types

of rocks the employment of pre-existing names, and assigning to

them a new sense, or restricting or enlarging their meaning.
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Dr. Zirkel was elected president of the Committee of Petro-

graphy.
Papers :

—

Sacco, attempt at a general classification of rocks ;

Salomon, attempts at a nomenclature of the metamorphic rocks ;

Wcinschenk, on dynamo-metamorphism and piezo-crystallisa-

tion ; on the formation of graphite ; Hague, on the Tertiary

volcanoes of the Absaroka Range ; Sabatini, the present state

of our knowledge of the volcanoes of Central Italy.

Section IV. (Applied Geology and Hydrology). President :

M. Schmeisser.

F&pers:—Mour/oM, the new methods of Belgian geology;
Gosselet, mineralisation of deep-seated waters ; Va7i der Veur,

on the enlargement of the kingdom of the Netherlands by the

draining of the Zuyder Zee ; L. Fabre, the plateaux of the

Hautes-Pyrenees and the dunes of Gascony ; Van den Broeck,

the applications of geology ; Kunz, progress of the production

of precious stones in the United States ; Lion Janet, utilisation

and protection of sources of drinking water ; De Latinay, the

teaching of practical geology ; A. de Richard, origin of

petroleum.

General meetings. Presentation of works :

—

E. de Margerie
and L. Kaveneau, cartography at the Universal Exhibition of

1900 ; Louis Kaveneau, ninth annual geographical bibliography of

the annals of geography, 1899. Presentation of the reports and
proposals of general interest adopted by the Council ; the

Assembly adopted successively :

—

(i) Report of the Committee of Geological Nomenclature,
presented by M. Tschernyschew, with the benefit of the remarks
made at the meeting of the Section.

(2) Report of the Committee of the Geological Map of

Europe, by M. Capellini.

(3) Report of the Committee of Petrography, by Dr. Zirkel.

(4) Report of the Glacier Committee, by M. Richter.

(5) Proposal by Sir A. Geikie on international co-operation

in geological investigations.

(6) Proposition by M. OLhlert on the reproduction of types.

M. Tietze proposed to the meeting, on the part of the Austro-
Hungarian Government, to organise in three years a new Session
of the International Geological Congress at Vienna. He in-

formed them of the advanced state of the preparatory work for

such a congress, and enumerated the many excursions which
would be arranged for the members of the Congress.

The invitation of the Austro- Hungarian Government was
unanimously accepted, and M. Tietze thanked the Congress for

the warm reception given to his proposal.

Papers :

—

Matthew, on the most ancient Palaeozoic fauna

;

IVakott, the pre-Cambrian fossiliferous formations ; Cayeux,
on the radiolaria and sponges of the pre-Cambrian rocks of

Brittany ; Pavlow, the Portlandian rocks of Russia compared
with those of the Boulonnais ; on some means which would con-
tribute to the determination of the genetic classification of

fossils ; Van den Broeck, on the age of the deposits of the
Iguanodons of Bernissart ; Guibhard, disturbances and frac-

tures of the folds in the Alps of France ; Stanislas- Meunier,
structure of the diluvium of the Seine ; Hull, sub-oceanic
terraces and valleys of the rivers of the western coast of
Europe ; Hudleston, the eastern shores of the Atlantic

;

E. Martel, on the recent discovery of large caverns and fissures.

During the Congress receptions were offered to its members,
first by the Geological Society of France, at their new rooms in

the Hotel des Societes Savantes. The president of this society,

M. A. de Lapparent, of the Institute, inaugurated this reception
by an address, which was warmly applauded. M. and Mdme.
Albert Gaudry invited the members of the Congress to their

house to a most brilliant soiree. Prince Roland Bonaparte
received at his hotel the united members of the Geological and
Anthropological Congresses, who were also received together by
the Municipal Council at the Hotel de Ville of Paris.

The Committee of Organisation offered a most brilliant

banquet at the Hotel du Palais d'Orsay ; the addresses of
M. Albert Gaudry, Sir Archibald Geikie, and MM. Tietze,

Credner and de Lapparent were warmly applauded. Finally,

cards for a reception at the Elysee, and tickets for the National
Theatre, were placed at the disposal of the president by the
Minister of Public Instruction and the Fine Arts, for distribu-

tion among the foreign members. Visits were arranged by the
aid of the Committee, to the International Exhibition, the
National collections of geology and mineralogy, to the
Museum of Natural History, to the Sorbonne, and to the
School of Mines.
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The excursions of the Congress were well attended. The
programme submitted to the geologists of the whole world was of
the most tempting description. A pocket-guide, prepared by
the united efforts of the French geologists, gave in several
numbers a complete account of the geology of France.

In order to allow everyone to take part in the greatest number
of excursions, they were divided into three periods : before,
during, and after the Congress.

(i) Excursions before the Congress : Ardennes, conducted by
M, Gosselet ; Gironde, by M. Fallot ; Touraine, by M. G.
Dollfus ; Pyrenees (crystalline rocks), by M. Lacroix ; Aquitania
(Charente et Dordogne), by M. Glangeaud ; Turonian of
Touraine and Cenomanian of Le Mans, by M. de Grossouvre

;

Mayenne, by M. D. P. CEhlert ; Brittany, by M. Barrois.

(2) Excursions during the Congress : Tertiary basin of Paris,
MM. Munier-Chalmas, Leon Janet, Stanislas-Meunier and G.
Dollfus.

(3) Excursions after the Congress : Boulonnais and Normandy,
MM. Gosselet, Munier-Chalmas, Pellat, Rigaux, Bigot, Cayeux ;

Central Rocks, MM. Michel-Levy, Marcellin Boule, Fabre

;

Coal-basin of Central France, MM. Fayol, Grand'Eury

;

Tertiary basins of the Rhone ; Secondary and Tertiary rocks of
the Lower Alps, MM. Deperet, Haug ; Alps of Dauphiny,
MM. Marcel Bertrand, Kilian, Lory, Paquier, Sayn, Leenhardt,
Termier ; Picardy, MM. Gosselet, Cayeux, Ladriere ; Range of
the Black Mountains, M. Bergeron ; Pyrenees (sedimentary
deposits), M. L. Carez ; Lower Provence, MM. Marcel
Bertrand, Vasseur, Ziircher.

These excursions, beginning on August 3, ended on October
2, and have had therefore a duration of three months.
The next meeting of the International Geological Congress

will be held at Vienna in 1903. L. Gentil.

FORTHCOMING BOOKS OF SCIENCE.
lyrR. F. ALCAN (Paris) announces :—"De ITnfeclion en
•^'-*- chirurgie d'armee. Evolution des Blessures de Guerre,"
by Dr. Nimier ; and a new edition of volume i. of " Manuel
d'Histologie Pathologique," by Profs. Cornil and Ranvier.
The Australian Book Company (of West Smithfield)

announce :^" The Geology of Sydney and the Blue Mountains ;

A Popular Introduction to the Study of Australian Geology," by
Rev. J. Milne Curran.

The announcements of Messrs. Bailliere, Tindall and Cox
include :—" The Hair in Health and Disease," by Dr. David
Walsh ;

" Infantile Syphilis," by Dr. G. Carpenter ; " Micro-
scopy of the Starches," by Prof. Hugh Gait; "Standards of

Foods and Drugs/' by C. G. Moor ; and new editions of Rose
and Carless's '"Manual of Surgery," Stewart's "Manual of

Physiology," Walsh's " Rontgen Rays in Medical Work,"
Himes's " Guide to Public Health Acts," Hutchinson's "Aids
to Ophthalmic Surgery and Medicine," Sparke's " Artiolic

Anatomy of Man," Dennis's "Second-Grade Perspective."

Mr. Batsford promises :
—"Waterworks Distribution," by

J. A. McPherson, and " Sanitary Engineering," by Colonel
Moore.

Messrs. Bemrose and Sons, Ltd., call attention to :
—" Deci-

mal Calculator and Multiplier," by C. Barker ; and a new edition

of "The Scientific Angler," by D. Foster.

Messrs. A. and C. Black will publish :
— " The Human Ear :

its Identification and Physiognomy," by Miriam A. Ellis ;
" In-

troduction to the Study of Physics," by A. F. WaJden and J. J.
Manley; vol. i. "General Physical Measurements—a Text-
book of Zoology," by Dr. Otto Schmeil, translated R. Rosen-
stock ; part iii. " Invertebrates."

Messrs. W. Blackwood and Son's list includes :
—"Khurasan

and Sistan," by Lieut. -Colonel C. E. Yate, illustrated ;
" The

Sovereignty ot the Sea," by Dr. T. Wemyss Fulton, illustrated ;

"A Manual of Classical Geography," by John L. Myres

;

" Physical Maps for the Use of History Students, (Greece, British

Isles) " by Bernhard V, Darbishire ;

'
' Exercises in Geometry,"

by J. A. Third.

In the Cambridge University Press's list we notice :
—"Scien-

tific Papers," by Lord Rayleigh, F.R.S., vol. ii. ; "Scientific

Papers," by the late Dr. John Hopkinson, F.R.S., 2 vols.;

"Scientific Papers," by Prof. Osborne Reynolds, F.R.S.,
vol. ii. ; "The Scientific Papers of John Couch Adams,"
vol. ii., edited by Prof. W. G. Adams and R. A.
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Sampson ;
" Lectures on the Lunar Theory," by John Couch

Adams, from his collected Papers, edited by R, A. Sampson
;

" A Treatise on Spherical Astronomy," by Prof. Sir Robert S.

Ball, F. R.S. ; "A Treatise on Geometrical Optics," by R. A.
Herman ;

" Advanced Exercises in Practical Physics," by Prof.

'Arthur Schuster, F.R.S., and Dr. Charles Lees; "The Pre-

vention of Valvular Disease of the lieart," by Dr. Richard
Caton ;

'
' Zoological Results based on material from New

Britain, New Guinea, Loyalty Islands, and Elsewhere," col-

lected during the years 1895, 1896 and 1897, by Dr. Arthur
Willey. Part v., an account of the Entozoa, by A. E. Shipley ;

of the Nemertina, by R. C. Punnelt ; the development of the
y^nbber Crab (Birgus), by L. A. Borradaile ; new genera and

ecies ol Entromostraca, by the Rev. T. R. R. Stebbing,

.R.S. ; anatomy of Neohelia porcellana (Moseley), by Edith
M. Pratt, illustrated. "Fauna liawaiiensis," or the Zoology
of the Sandwich Islands : being results of the explorations

instituted by the Joint Committee appointed by the Royal
Society of London for promoting Natural Knowledge and the
British Association for the Advancement of Science, and
carried on with the assistance of those bodies and of the
trustees of the Bernice Pauahi Bishop Museum, edited by Dr.
David Sharp, F. R. S., vol. ii., part v. Arachnida, by
Mons. Eugene Simon ; Crustacea, Isopoda, by M. Adrien
DoUfus; Amphipoda, by Rev. T. R. R. Stebbing, F.R.S.

;

(Cambridge Natural Science Manuals—Biological Series).

—

" Zoology," by Prof. E.W. MacBrideand A. E. Shipley ;
" Fossil

Plants ; a Manual for Students of Botany and Geology," by
A. C. Seward, F.R.S. In 2 vols. Vol. ii. (Physical Series)

—

" E:iectricity and Magnetism," by R. T. Glazebrook, F.R.S.
(The Cambridge Series for Schools and Training Colleges)—
"The Teacher's Manual of School Hygiene," by E. W. Hope
and Edgar Browne; "An Introduction to Logic," by W. E.
Johnson; "Euclid: Books I. -III., with Simple Exercises,"
by R. T. Wright ;

" An Introduction to Physiography," by
W. N. Shaw, F.R.S. ;

" A New Primer of Astronomy," by Prof.

Sir Robert S. Ball, F.R.S. ; "A New Primer of Mechanics,"
by Prof. L. R. Wilberforce ;

" A New Primer of Physics,"
by the same author ;

" A New Primer of Physiology," by
Dr. Alex. Hill ; "A Brief History of Geographical Discovery
since 1400," by Dr. F. H. H. Guillemard. (Pitt Press
Mathematical Series)—" The Elements of Hydrostatics," by
Prof. S. L. Loney.

Mesrs. Carre and Naud (Paris) announce :
— " Les Terres

rares," by A. Job; "Les Nouveaux gaz," by Raveau ; "Les
sucres et leurs principaux derives," by Prof. L. Maquenne

;

" Essaisdu Commerce et de rindustrie,"by Cuniasseet Zwilling;
"Chimie des matieres colorantes," by Rudolf Nietzki, trans-

lated by C. Favre and Vaucher ;
" La Chimie photographique,"

by Namias Rodolf, translated by Jaquez ;
" La Vinification dans

les pays chauds," by Dugast ; "La Pratique industrielle des
courants alternatifs," by Chevrier ;

" Microbiologie de la dis-

tillerie (Ferments, Microbes)," by Levy.
Messrs. Cassell and Co., Ltd., give notice of:—"Our Bird

Friends," by R. Kearton, illustrated; " Cyclopsedia of
Mechanics," edited by P. N. Hasluck ; "Practical Gas-Fitting
and Practical Draughtsmen's Work," edited by P. N. Hasluck

;

" A Practical Method of Teaching Geography," by J. H. Over-
ton, part ii.

Messrs. Chapman and Hall, Ltd., announce a new edition of
"What is Heat? a Peep into Nature's most Hidden Secrets,"
by Frederick Hovenden, illustrated.

The list of Messrs. J. and A. Churchill includes :
— " A Treatise

on Physics," by Prof. A. Gray, F.R.S., in three parts, illus-

trated ; and new editions of. Notter, Firth and Horrocks's
" Hygiene," and " Carpenter's Microscope and its Revelations,"
edited by Rev. Dr. W. H. Dallinger, F.R.S., illustrated.

Messrs. T. and T. Clark (Edinburgh) will publish :—" The
Herschells," by James Sime.

In the list of Messrs. Archibald Constable and Co., Ltd., we
notice "Through Siberia," by J. Stadling, edited by Dr.
F. H. H. Guillemard, illustrated; "Across and About the
Black Republic of Hayti," by Hesketh Prichard ; "Travels
in the East of Nicholas II., 1890-I," written by Prince E.
Ookhtomsky, and translated by Robert Goodlet, edited by Sir
George Birdwood, vol. ii. ;

" Motor Vehicles and Motors," by
W. W. Beaumont, illustrated ;

" Modern Astronomy," by
Prof. H. H. Turner, F.R.S., illustrated: "Practical Electro-
chemistry," by B. Blount, illustrated.

Messrs. Dent and Co. announce :
—" Birds that come to our
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Houses and Gardens," by the Rev. H. D. Astley, illustrated ;

White's " Natural History of Selborne "; " Modern Chemistry,"
2 vols., by Prof. Ramsay, F.R.S. ;

" Plants, their Structure and
Life," by Dr. Dennert ; "Primitive Man," by Dr. Homes;
"First Aid to the Injured," by Dr. Drinkwater.

Messrs. Duckworth and Co. call attention to :

—" Problems
of Evolution," by F. W. Headley.

Mr. Wilhelm Engelmann (Leipzig) announces :
—" Pompeji in

Leben und Kunst," von A. Mau ;
" Die Rohstoffedes Pflanzen-

reichs. Versuch einer technischen Rohstofflehre. 2. Ganzlich
umgearbeitete und erweiterte Auflage," I. Band, von J. Wiesner
(Wien) ;

" Monographien afrikanischer Pflanzenfamilien und
-Gattungen," herausgegeben von A. Engler. V. R. Schumann,
Sterculiaceae africanae ; A. de Bary's " Vorlesungen liber

Bakterien." Dritte Auflage, durchgesehen und teilweise neu
bearbeitet von W. Migula ;

" Hoffmann v. Fallersleben,

Unsere volkstiindichen Lieder." Vierte Auflage, herausgegeben
und neu bearbeitet von Karl Hermann Prahl ;

" Die Assanierung
von Paris" (Assanierung der Stadte in Einzeldarstellungen, I.

Band, Heft i), von Dr. Th. Weyl ;
" Physikalisch-chemische

Propaedeutik, unter besonderer Beriicksichtigung der medizini-

schen Wissenschaften und mit historischen und biographischen
Angaben," I. Band, von Prof. H. Griesbach.

Messrs. R. A. Everett and Co. give notice of:—"The
Veterinary Manual for Horse Owners," by Frank T. Barton,
illustrated ; "The Stable Key, or Stud and Stable Studies," by
Captain W. A. Kerr, V.C, illustrated.

The announcements of Messrs, C. Griflin and Co., Ltd., in-

clude :
—"Central Electrical Stations," by C. H. Wordingham,

illustrated ;
" The Metallurgy of Steel," by F. W. Harbord,

illustrated; " A Dictionary of Dyestuffs," by C. Rawson, W. M.
Gardner and W. F. Laycock ;

" A Dictionary of Textile Fibres,"

by W. J. Plannan, illustrated ;
" Pernicious Anaemia," by Dr.

William Hunter; "The Construction and Maintenance of

Vessels built of Steel," by T. Walton, illustrated; and new
editions of " A Short Manual of Inorganic Chemistry," by Dr.

A. Dupre, F.R.S.,and Dr. Wilson Hake; "Tables and Data
for the use of Analysts, Chemical Manufacturers and Scientific

Chemists," by Prof. J. Castell Evans; and "Ore and Stone
Mining," by Prof. C. Le Neve Foster, F.R.S., illustrated.

Messrs. Gurney and Jackson give notice of :—" The Birds of

Ireland," by Richard J. Ussher and Robert Warren, illustrated ;

and a new edition of " Lunge's Coal-tar and Ammonia."
Mr. W. Heinemann's list includes:—" The Regions of the

World, 1900," a series of twelve volumes descriptive of the

physical environment of the nations, with maps by J. G. Bar-
tholomew, edited by H. J. Mackinder, illustrated ; vol. i.

" Britain and the British Seas," by the editor; vol. ii. " Western
Europe and the Mediterranean," by Elisee Reclus ; vol. iii.

" Central Europe,'' by Dr. Joseph Partsch ; vol. iv. "Scandi-
navia and the Arctic Region," by Sir Clements R. Markham ;

vol. v. "the Russian Empire," by Prince Kropotkin ; vol. vi.

"TheNear East," by D. G. Hogarth ; vol. vii. " Africa,"by Dr.

J. Scott Keltic ; vol. viii. "India," by Col. Sir T, Holdich ;

vol. ix. "The Far East," by Archibald Little ; vol. x. "North
America," by Prof. Israel C. Russell ; vol. xi. "South America,"
by Dr. John C. Branner ; vol. xii. " Australasia and Antarctica,"

by Dr. H. O. Forbes ; "The Life of William Cotton Oswell," by
his son, W. E. Oswell, illustrated ;

" The First Ascent of Mount
Kenya," by H. J. Mackinder, illustrated ;

" Mount Orin and
Beyond," by Archibald Little : "Nature's Garden : An Aid to

Knowledge of Wild Flowers and their Insect Visitors," by Neltje

Blanchan, illustrated ;
" Pompei : The City, its Life and Art," by

Pierre Gusman. Translated by Florence Simmonds and M.
Jourdain, illustrated.

Messrs. Hodder and Stoughton will issue in their " Self

Educator" series :—" Botany," by R. S. Wishart; " Chemistry,"

by J. Knight.

Messrs. Hutchinson and Co. announce :—"The Living Races
of Mankind," by Rev. H. N. Hutchinson, Prof.

J.
W. Gregory,

and R. Lydekker, F.R.S., illustrated; " Disciples of Aescu-
lapius, Biographies of Leaders of Medicine," by the late Sir

Benjamin Ward Richardson, F.R.S., with a biography by his

daughter, Mrs. George Martin, in 2 vols., with portraits and
illustrations.

In the list of Messrs. Isbister and Co. Ltd., we notice :
—" By

Land and Sky," by Rev. J. M. Bacon.

The announcements of Messrs. Longmans and Co. include :

—

" Armenia : Travels and Studies," by H. F. B. Lynch. 2 vols,

illustrated ; " Diseases of the Anus and Rectum," by D. H.
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Goodsall and W. Ernest Miles, two parts, illustrated ;
" Living

Anatomy," by Cecil L. Burns and Dr. Robert J- Colenso, 40
plates, with descriptive letterpress ;

" Essays in Illustration of

the action of Astral Gravitation in Natural Phenomena," by
William Leighton Jordan ; " A Practical Guide to Garden
Plants," by John Weathers, illustrated; "Human Personality,

and its Survival of Bodily Death," by Frederic W. H. Myers,

2 vols.

In the list of Messrs. Sampson Low and Co., Ltd., we
observe :

—" Golden Tips, a Description of Ceylon and its Great

Tea Industry," by H. W. Cave; "The Inhabitants of the

Philippines," by Frederic H. Sawyer, illustrated ;
" Lepcha

Land, or Six Weeks in the Sikhim Himalayas," by Florence

Donaldson, illustrated ;
" Textile Machinery, Recent Improve-

ments," by E. A. Posselt, part ii. ; and a new edition of "On
ihe Manufacture of Vinegar, Cider and Fruit Wines, &c.," by
W. T. Brannt.

The science list of Messrs. Macmillan and Co., Ltd., is :
—

" Life and Letters of Thomas Henry Huxley, F.R.S.,"
by Leonard Huxley, with portraits and illustrations, in

2 vols.; "Studies Scientific and Social," by Dr. Alfred

R. Wallace, F.R.S., in 2 vols., vol. i. Scientific, vol. ii.

Social, illustrated ;
" The Cambridge Natural History,"

vol. viii. Amphibia and Reptiles, by Dr. H. Gadow, F.R. S.,

illustrated ;
" The Scientific Memoirs of Thomas Henry

Huxley," edited by Sir M. Foster, K.C.B., F.R.S., and Prof.

E. Ray Lankester, F.R.S., in 4 vols., vol. iii. ;
" Dictionary of

Philosophy and Psychology," edited by Prof. J. Mark Baldwin,
in 3 vols. ; "Cyclopedia of Horticulture," vols. iii. and iv.

,

edited by Prof. L. H. Bailey, illustrated ;
" Botany, a Text-

Book for Schools," by Prof. L. H. Bailey, illustrated ;
" The

Principles of Vegetable-Gardening," by Prof. L. H. Bailey,

illustrated ;
" Principles of Stock-breeding, the Application of

Biological Laws to the Breeding of Domestic Animals (including

Poultry), whether for 'Fancy 'or Profit," by Prof. W.H. Brewer;
" First Experiments in Psychology, a Manual of Elementary
Laboratory Practice," by Prof. Edward B. Titchener, in 2 vols.,

vol. i. Qualitative Experiments, vol. ii. Quantitative Experi-
ments ; "Foundations of Knowledge," by Prof. Alexander T.
O. McCosh ; "School Geography," by Prof. R. S. Tarr, vol.

iii. Europe, &c. ; "The Principles of Mechanics," by Prof.

Frederick Slate ; "Design and Construction of Electric Power
Plants," by Bion J. Arnold; "Elementary Electricity and
Magnetism," by Prof. D. C. Jackson and Prof. J. P. Jackson,
illustrated; "An Introduction to Celestial Mechanics," by
Prof. Forest Ray Moulton ; Surgical Technique, being a Hand-
book of and Operating Guide to all Operations on the Head,
Neck, and Trunk," by Prof. Fr. von Esmarch and Dr. E.
Kowalzig, translated by Prof. Ludwig H. Grau, edited by Prof.

Nicholas Senn, illustrated ; and new editions of " West African
Studies," by Mary H. Kingsley ;

" The Golden Bough, a Study
in Magic and Religion," by Dr. J. G. Frazer, 3 vols. ; and
" Modern Perspective, a Treatise upon the Principles and
Practice of Plane and Cylindrical Perspective," by Prof. William
R. Ware, with a portfolio of places.

Messrs. Methuen and Co. give notice of:—^"The Science of

Hygiene," by W. C. C. Pakes, illustrated ;
" The Principles

of Magnetism and Electricity : an Elementary Text-book," by
P. L. Gray, illustrated.

Mr. Murray's announcements include:—"A Treatise on
Medical Jurisprudence," by Dr. G. Vivian Poore ; "The Life

of Gilbert White," based on letters, journals, and other docu-
ments in the possession of the family and not hitherto published,

by his great grand-nephew, Rashleigh Holt-White. 2 vols.,

illustrated; "The Birds of Siberia," by the late Henry See-
bohm, with the author's latest corrections, edited by Dr. F. H.
H. Guillemard, illustrated; "The Life of Sir John Fowler,
Bart., K.C.M.G.,"a record of engineering work, 1834-1898, by
Thomas Mackay, illustrated ;

" The Natural History of Re-
ligion," based on the Gifford lectures delivered in Aberdeen in

1889-90 and 1890-91, by Prof. E. B. Tylor, F.R.S., illustrated
;

'A Handy Book of Horticulture," by F. C. Hayes, illustrated
;

"Heredity," by Prof. J. Arthur Thomson, illustrated; a
popular edition of " The Origin of Species by means of Natural
Selection," by Charles Darwin, F.R.S., with a photogravure
portrait of the author; and a new edition of "Scrambles
Amongst the Alps in the Years 1860-69," including the history

of the first ascent of the Matterhorn, by Edward Whymper,
illustrated.

Messrs. George Newnes, Ltd., promise:—"The Story of
Thought and Feeling " (an elementary book on Psychology), by
F. Ryland ; "The Story, of Animal Life," by B. Lindsay;
"In Nature's Workshop," by Grant Allen, illustrated.

Mr. J. C. Nimmo's list comprises:—" Babylonians and As-
syrians, Excavations and Account of Decipherment of Inscrip-

tions," by Prof. A. V. Hilprecht ; "Syriaand Palestine, Impor-
tant Discoveries in Recent Years"; "Reminiscences of a
Falconer," by Major C. H. Fisher ; and new editions of
" British Game Birds and Wild Fowl," by Dr. Beverley R.
Morris; "Fern Growing, Fifty Years' Experience in Crossing
and Cultivation, with a list of the most important varieties and
a History of the Discovery of Multiple Parentage," by E. J.
Lowe, F.R.S. ; Rev. F. O. Morris's "A History of British

Birds," 6 vols. ;
" A Natural History of the Nests and Eggs of

British Birds " ; "A History of British Butterflies " ; "A
Natural History of British Moths"; and "A Handbook, of

British Birds," by J. E. Harting.
Mr. D. Nutt'slist contains :

—" Mythology and Folktales, their

Relation and Interpretation," by E. Sidney Hartland.
The announcements of the Oxford University Press include :

—

"The Structure and Life-History of the Harlequin Fly," by
Prof. L. C. Miall, F.R.S., and A. R. Hammond ;

" A Text-
book of Arithmetic," by Richard Hargreaves ; "The 'Junior

'

Euclid," by S. W. Finn, Books IIL and IV.

Mr. Y. J. Pentland announces :
—" Text-book of Physiology,"

edited by Prof. Schafer, F.R.S. ; vol. ii. "Text-book of Medi-
cine," edited by Dr. G. A. Gibson ; " Text-book of Pharma-
cology and Therapeutics," edited by Dr. W. Hale White ; and
" Diseases of the Throat, Nose and Ear," by Dr. P. McBride.

Messrs. G. P. Putnam's Sons promise :—" Care of the Con-
sumptive," by Dr. Charles Fox Gardiner; "Thomas Henry
Huxley, a Sketch of his Life and Work," by P. Chalmers
Mitchell, with portraits; "Medical and Surgical Nursing,"
edited by Dr. H. J. O'Brien ; and a new edition of " Materia
Medica for Nurses," by L. L. Dock.
The list of the Religious Tract Society includes:—"The

Royal Observatory, Greenwich, a Glance at its History and
Work," by E. Walter Maunder.

Mr. Grant Richards promises :
—" Flame, Electricity, and

the Camera," by George lies, illustrated.

Messrs. Sands and Co. will add to their Library for Young
Naturalists, edited by F. G. Aflalo, " The Animals of Africa,"

by H. A. Bryden, illustrated; "Types of British Plants," by
C. S. Colman, illustrated.

Messrs. Walter Scott, Ltd., will add to their "Contemporary
Science" Series :

— " The Mediterranean Race," by Prof. Sergi,

illustrated.

Messrs. Seeleyand Co., Ltd., promise anew edition of " The
Chemistry of Paints and Painting, " by Prof. A. H. Church,
F.R.S.
The list of the Society for Promoting Christian Knowledge

contains:—"Among the Birds," by Florence Anna Fulcher ;

"Sounding the Ocean of Air," being six lectures delivered before

the Lowell Institute of Boston in December, 1898, by A.
Lawrence Rotch, illustrated.

Messrs. Swan Sonnenschein and Co., Ltd., call attention to :

—

Aristotle's "Psychology, including the Parva Naturalia," trans-

lated and edited with commentary and introduction by Prof.

William A. Hammond; "A History of Contemporary Philo-

sophy," by Dr. Max Heinze, translated by Prof. William

Hammond; "Ethics," by Prof. W. Wundt, vol. iii.: The
Principles of Morality and the Sphere of their Validity, trans-

lated by Prof. E. B. Titchener ;
" Physiological Psychology,"

by Prof. W. Wundt, translated by Prof. E. B. Titchener, 2 vols.,

illustrated ;
" Text-book of Palaeontology for Zoological Stu-

dents," by Theodore T. Groom, illustrated ;
" Text-book of

Embryology : Invertebrates," by Dr. E. Korschelt and Dr. K.
Heidjer, translated by Mrs. H. M. Bernard, and edited (with

additions) by Martin J. Woodward, vol. iv., illustrated ;
" The

Romance of the Earth," by Prof. A. W. Bickerton, illustrated ;

"Biological Types in the Vegetable Kingdom," by Wilfred

Mark Webb; "Mammalia," by the Rev. H. A. Macpherson

;

"Birds' Eggs and Nests," by W. C. J. Ruskin Butterfield ;

"Inductive Geometry," by H. A. Nesbitt ; and a new edition

of " Handbook of Practical Botany, for the Botanical Laboratory
and Private Student," by Prof, E. Strasburger, edited by Prof.

W. Hillhouse, illustrated.

The following is the science list of the University Corre-
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spondence College Press:—"Algebra, The Tutorial, Part I.,

Klementary Course," by Rupert Deakin ; "Arithmetic, The
Tutorial," by W. P. Workman ;

" Building Construction (Science
and Art)," by Brysson Cunningham ;

" Machine Construction,
I'irst Stage (Science and Art)," by J. Handsley Dales ;

" Ma-
ihematics. First Stage (Science and Art)" ;

" Physiography,
Section One (Science and Art)," by Fabian Rosenberg ;

" Prac-
tical Plane and Solid Geometry, First Stage (Science and Art),"
by G. F. Burn.

Mr. T. Fisher Unwin will add to his " Masters of Medicine"
Series, "Thomas Sydenham," by J. F. Payne, and "Andreas
Vesalius," by C. L. Taylor.

Messrs. Frederick Warneand Co. will issue new editions of:

—

" The Cattle D ctor," by Geo. Armatage ;
" Wayside and

Woodland Blossoms, First and Second Series," by Edward Step.
Messrs. Wells Gardner, Darton and Co.'s list includes a new

edition of" Playing at Botany," by Phoebe Allen.
Messrs. Whittakerand Co.'s announcements are :

—" Periodic
Classification and the Problem of Chemical Evolution," by
George Rudorf; "Inspection of Railway Material," by G. R.
Bodmer ; "Electric Wiring Tables," by W. Perren Maycock ;

"Telephone System of the British Post Office," by T. E.
Herbert; and "Horseless Road Locomotion," by A. R.
Sennett.

MA THEMA TICS A T THE BRITISH
ASSOCIA TION.

'PHE mathematical communications to this year's meeting of
the British Association were made on Monday, September

10, in one of the halls assigned to the Mathematical-Physical-
Astronomical Section. Major P. A. MacMahon, F.R.S., took
the chair.

The committee appointed in 1888 to calculate tables of certain
mathematical functions opened the proceedings by presenting a
report on their year's progress. The work on which they have
for some time been engaged, namely, the preparation of a new
" Canon Arithmeticus," is now almost completed. The calcu-
lations have been made by Lieut. -Colonel Allan Cunningham,
who, in presenting the report, announced that the liberality of
the British Association and of the Royal Society had enabled
the committee to undertake the publication of the tables as a
separate volume. Before the Association meets next year this
will probably have been given to the world, and the committee,
after an existence of thirteen years, will (unless some other work
is found for it) cease to exist.

Another report was taken next—this time not of a committee,
but of a single worker. Miss F. Hardcastle, of Cambridge, who
was commissioned two years ago to prepare an account of " The
present state of the theory of point-groups " for the Association.
In the absence of Miss Hardcastle, one of the secretaries stated
that a first instalment of the work is to be published in this

year's annual report ; this, however, will give only the general
classification of the subject, and an account of those memoirs on
the theory of elimination which are of importance in it. The
greater part of Miss Hardcastle's report will not be ready until
next year.

The chair was then taken by Prof. Forsyth, while Major
MacMahon read a paper on " A property of the characteristic
symbolic determinant of any « quantics in n variables." Let

{1 h in

a\x, a<lxy • • • «nx

-J (in symbolic notation) any « quantics in m variables, and let

+ Ch (2

ii €2 in
X„+ . .

Major MacMahon arrives at the remarkable result that

(where the summation is extended over all positive integral values

of (1, fa. • • • I") has the vali where / (0) is the

characteristic determinant of the umbrse a,„ a^.^
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The next communication was made in French by Prof.

Cyparissos Stephanos, of the University of Athens, " Sur les

relations entre la geometric projective et la mecanique." The
fundamental thought of this paper may be explained as follows.

Consider a system of forces in equilibrium. What geometrical
transformations of space will transform this system into another
system of forces also in equilibrium ? Prof. Stephanos solves
this problem, and finds that the only transformations which
thus conserve equilibrium are those which, considered as per-
formed on the Pluckerian co-ordinates of the forces, are linear and
homogeneous. When the system of forces is coplanar. these trans-

formations are homographies in the plane. This train of thought
is of some importance in Graphical Statics.

Mr. H. S. Carslaw (Fellow of Emmanuel College, Cambridge)
followed with a paper on " The use of multiple space in applied
mathematics." The method of images, so powerful in electro-

statical problems, can in its original form be applied only when
the fundamental angles of the problem are submultiples of v.

Prof. Sommerfeld pointed out a year or two ago that by intro-

ducing the idea of a branched space, analogous to the branched
planes used in Riemann's Theory of Functions, the method of
images can be freed from this limitation. Mr. Carslaw's work
is an extension and development of this suggestion, which is

applied by him to the solution of several of the standard problems
of the potential theory.

Lieut. -Colonel Cunningham then gave some results obtained
by himself and Mr. H. J. Woodall in the "Determination of
successive high primes." As an Example of a new process due
to the authors, the factors of all numbers between 16 776 196,
and 16 778 236 have been determined. 117 of the numbers
in this series are found to be primes, a fact which led to some
discussion on Riemann's work in the theory of prime numbers.

This was followed by a paper on "The construction of magic
squares," by Dr. J. Willis, of Bradford, in which some new
modes of formation were described and exemplified in diagrams.
Major MacMahon then communicated two papers in succession.

The first was entitled "The asyzygetic and perpetuant
covariants of systems of binary quantics"; it was concerned
with the extension, to a system containing any number of binary
quantics, of the work which has already been done in connection
with the semivariant forms of a single binary quantic.

In the second paper, " On the symbolism appropriate to the
study of orthogonal and Boolian invariant systems which apper-
tain to binary and other quantics," Major MacMahon explained a
new and most remarkable method which he has discovered in

the invariant theory, which promises to revolutionise the treat-

ment of that subject. Previous writers have considered the
invariant theory as consisting in the investigation of those

forms associated with a quantic, which are invariant when the

variables of the quantic are subjected to the general linear

transformation. When the variables are subjected only to

linear transformations of special types, such as the orthogonal
and Boolian transformations, the family of invariant forms
associated with a given quantic is, of course, much larger ; but
these special classes of transformations have hitherto been,
comparatively speaking, ignored, as forming a tedious and out-

lying branch of the subject. Major MacMahon's discovery is

a new symbolic method for obtaining the forms which are
invariant for orthogonal and Boolian transformations, in the

same way as Aronhold's symbolic method enables the investigator

to obtain the forms which are invariant for the general linear

transformation. Major MacMahon obtains six symbolic factors

analogous to Aronhold's symbolic factors a^- and {a/>), and the

ordinary invariant-theory can be derived as a particular case of

the new theory, by simply rejecting those forms which contain

any one of a certain four of these factors.

A paper by Mr. A. B. Basset, F.R.S., in which the result

that "aquintic curve cannot have more than 15 real points

of inflexion "—an extension of a theorem of Zeuthen's on
quartic curves—is obtained, was briefly communicated by the

chairman ; and a remarkably interesting session closed with two
communications by Prof. J. D. Everett, F.R.S., "On Newton's
contributions to central-difference interpolation," and " On a
central-difference interpolation formula." In the former of

these papers the author observed that certain formulce in the

calculus of finite differences, usually attributed to Stirling,

were really known to Newton ; in the second, a formula of in-

terpolation was obtained which is less unsymmetrical than those
generally given. E. T. Whittaker.
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PHYSICS AT THE BRITISH ASSOCIATION.

THE interesting way in which Dr. Larmor, in his Presidential

Address to Section A, touched on some of the problems of

theoretical physics appears to have had a considerable influence

on the subsequent proceedings of that section during the meeting

at Bradford. At few recent meetings has the number of im-

promptu discussions of theoretical questions been so great, and

even although these discussions may not always have been ended

in the settlement of some question previously in dispute, they

have provided in a way that only the Association meetings can,

opportunities for exchanges of opinions so necessary in these

days of specialisation, and so valued by those who have the

advance of their subject at heart.

The large section room was well filled for the President's

address. After a vote of thanks moved by Prof. FitzGerald

and seconded by Principal Oliver Lodge had been carried,

a large proportion of the audience left to hear the address of

Prof. Perkin, the President of Section B, and the reading of

papers commenced. In what follows they aie given in order of

subject and not of reading.

Dr. Trouton gave a short account of his experiments on the

creeping of liquids, and on the surface tensions of mixtures.

He has found that the tendency of certain liquids to creep up
the sides of their containing vessels is due to such liquids being

mixtures. The more volatile constituent creeps in advance of

the other, and the action is stopped if evaporation is prevented.

Zinc surfaces seem more favourable to the process than surfaces

of other metals or of glass. The surface tensions of mixtures

of liquids are as a rule less than the values calculated from the

surface tensions and proportions of their constituents, while

those of salt solutions increase with the number of gram
equivalents of the salt present at a rate nearly independent of the

nature of llie salt, a fact to which Quincke was the first to draw
attention.

Prof. G. PI. Bryan, in a note on the partition of molecular

energy, explained how, in his endeavour to build up irreversible

thermal phenomena from reversible dynamics, he had been led

to a novel method of investigating the mean distribution of

energy amongst a number of particles moving in an external field

having a potential. He found that two such particles do not

follow Maxwell's law of partition of energy, and concluded
that the law would not be followed in a general assemblage of

particles. Prof. FitzGerald considered that two particles in an
external field did not sufficiently represent the molecules of a

gas, and suggested that if the case of three particles had been
worked out, they would have been found to follow Maxwell's
law. He hoped that physicists would accept that law as valid

for gases till a system had been constructed for which it could

be proved conclusively not to hold. Prof. Bryan, on the other

hand, challenged physicists to construct a simple system of

particles which would tend towards Maxwell's distribution of

energy.

Dr. Larmor gave some results of his application of the

principle of least action to the statistical dynamics of gas
theory, as illustrated by meteor swarms and optical ray

systems. He finds that if a swarm of meteors is moving
under its own mutual attractions and conservative outside forces,

and if from some point vectors be drawn equal and parallel to

the velocities of the meteors, the product of the volume marked
out by the ends of these vectors into the volume occupied by
the meteors themselves will remain constant throughout the
motion. If the mutual attractions are insensible, the product
of the solid angle bounded by the velocity vectors into the
square of the mean velocity of the swarm will remain constant.
In optics this corresponds to the concentration in cross section of

a beam being proportional to the solid angular divergence of

the beam, into the square of the refractive index of the medium
in which it is travelling. In the case of a gas where encounters
Ijetween the particles may take place, the above distribution of
particles and velocities is found to be a possible steady state.

Tne report of the Seismological Committee was presented by
the secretary, Mr. Milne. During the past year he has
analysed the records of the earthquakes which occurred during
1899, and has found that the earthquake wave takes about
no minutes to travel from its origin to the opposite end of the
earth's diimeter, but whether it is propagated through the
centre of the earth or as a surface wave cannot at present be
decided. He suggests that earthquakes may be connected with
the small changes of latitude knowm to occur, and that earth-
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quake waves may have a disturbing effect on the timepieces of
observatories. Messrs. Clement Reid and Horace Darwin are
engaged in an attempt to detect movements at a geological fault

owing to earthquakes.

The Committee on the sizes of pages of periodicals reported
that it had succeeded in some cases in inducing societies pub-
lishing proceedings of exceptional sizes to conform to the rules

the committee laid down in its 1895 report. It did not seek
re-appointment.

A paper on the relation of radiation to temperature was con-
tributed by Dr. Larmor. The late Prof. Balfour Stewart pointed
out at the meeting of the Association in 187 1 that if an enclosure
at constant temperature contained a moving body at the same
temperature, the radiation received from the body at a point in

advance would, by Doppler's principle, differ from that received
by a point behind the body. Dr. Larmor applies this principle

to the case of a spherical enclosure shrinking in size, in which,
therefore, the wave-lengths of all radiations will decrease as tlie

radius. Further, there will be a pressure of the radiation on the

inside surface of the sphere, which will require work to be per-

formed during the shrinkage. This work is converted into radi-

ation, and changes the temperature of the radiation inversely as

the radius, and the energy of the radiation inversely as the fourth

power of the radius. From this Stefan's law that radiation is

proportional to the fourth power of the temperature follows ;

and further, the energy of radiation between A. and K+d\ is of

the form A~^/(aT).SA. Prof. FitzGerald pointed out the great

simplification which Dr. Larmor had introduced into the treat-

ment of the problem by the consideration of the radiation in the

ether only, a method of which the legitimacy could not be
doubted.

Dr. S. P. Langley sent over from America a chart of the
infra red spectrum from 7 to 5 3 fi, obtained by the bolometric
method described in his communication to the Association at

Oxford in 1894. His bolometer is now arranged so that a
difference of temperature of one-millionth of a degree centigrade

is detected ; and the whole operation of producing the charts is

automatic. They show distinctly the variation of atmospheric
absorption with the seasons, and may possibly, he thinks, lead

to a new method of weather forecasting.

The Committee on Meteorological Photography reported that

as the result of about 400 photographic observations of clouds
made from two stations near Exeter, the following mean heights

have been found :—Cirrus, 10,200 ; cirro-cumulus, 8600 ;

cumulus top, 3000; base, 1300; strata-cumulus, 2200 metres.

During the early part of the day the clouds rise, attain their

maximum altitudes about 2 or 3 p.m., and fall during the after-

noon and evening. The greatest altitudes are associated with
thunderstorms and the lowest with cyclones.

The Committee on Solar Radiation reported that experiments
had been made under the direction of Prof. Callendar, with

a view to testing the modified copper-cube actinometer and
reducing its records to an absolute scale. During the course of

these experiments it has been found necessary to introduce

further changes, and the instrument now used consists of

a blackened copper disc provided with thermojunctiohs,

suspended within a tubular water jacket around which a

stream of water at constant temperature is maintained. The
radiation to be measured passes down the tube and falls

normally on the copper disc. This instrument has been tested

by exposing it to the radiation from an electric lamp at a known
distance, and has been found capable of giving consistent results

for weak radiation, but the intensity of solar radiation is too

great to permit the elementary theory of the instrument to be

applied. It is, therefore, proposed at present to record only the

vertical component of the radiation from sun and sky by means
of the bolometric method described in the 189S report. Two
flat platinum thermometers, one bright and the other blackened,

are placed horizontally side by side and exposed to the radiation

from the sky. Their difference of temperature is automatically

recorded, and is taken to be proportional to the radiation to

which they are exposed. By means of an observation with an
electric lamp at a fixed distance, the indications of the instrument

can be converted into absolute measure.
Mr. A. S. Davies described a novel form of mercurial baro-

meter, in which a fixed volume of the gas the pressure of

which is to be determined, is compressed isothermally by a

column of mercury of known length and the compression

measured. The instrument consists of a glass bulb, from which
a tube of small bore projects downwards, and ends in another
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bulb open to the air and containing a little mercury. When a
reading is required, the instrument is inverted so that a column
of mercury runs down the tube towards the first bulb and com-
presses the air in it. From the position taken up by the end
of this column, when the compressed gas has cooled to its

original temperature, the original pressure of the gas can, if

the gas is dry, be found. In the instrument this pressure is

read off on a scale alongside the tube. The air enclosed is dried
by passage through a plug containing calcium chloride. The
instrument is very compact and portable.

Mr. A. L. Rotch contributed a note on the use of kites for

meteorological observations at Blue Hill Observatory, Mass.
Observations with kites have been made up to l6,ooo feet above
sea level, and have been reduced and published in abstract in
Nature, July 12 and August 9.

Captain Campbell Hepworth exhibited and discussed some
charts illustrating the weather of the North Atlantic Ocean
during the winter of 1898-9. At sea this period was one of
violent storms, while the weather in America was exceptionally
cold, and in Europe very mild. Some of the cyclones crossed
quickly from the American coast to the British Isles, while
others—in particular the worst one in February—made slow
progress. Much damage was done to shipping, and even powerful
vessels, like the Lucania and the Fiirst Bismarck, were unable
to make headway, and arrived at their destinations several days late.

Mr. J. W. Thomas, in a communication on the physical
effects of wind in towns and their influence upon ventilation,

pointed out that the well-known effect of currents of air in

diminishing the air pressure in vessels across the openings of
which they passed, was generally neglected by writers on ventil-

ation. A gusty wind, during its period of maximum velocity,

reduces the air pressure in a room by the withdrawal of air

through the chimney. When the wind lulls, the air passes down
the chimney into the room, and the chimney "smokes."

Mr. J. Ilopkinson gave an account of the rainfall of the
northern counties of England. The means for the ten years
ending 1890 are :

—

Cumberland, 57*9; Westmoreland, 55*9; Derbyshire, 40*2

;

Lancashire, 383; Yorkshire, 33-4 ; Cheshire, 31*3; North-
umberland, 31 "o; Durham, 28" i ; Nottinghamshire, 24*4 ; Lin-
colnshire, 24*3 inches per annum. These numbers show dis-

tinctly the effect of highlands in increasing the average rainfall.

Mr. G. E. Petavel described the apparatus he is using in his

experiments on the explosive pressures of gases. He measures
the maximum pressure attained in his explosion vessel by means
of a piston which is forced out and makes a telephone contact
if the pressure exceeds a certain value. By means of the com-
pression of a cylinder he measures also the rate of change of the
pressure. He finds that in the case of hydrogen and oxygen
the maximum is about ten times the initial pressure, and that
inert gases delay but do not greatly diminish the maximum
pressure.

Mr. J. W, Gifford gave an account of a quartz- calcite lens he
had designed, having the same focal length for wave-lengths
5607 and 2761, which he considers may be taken as the centres
of the visual and photographic portions of the spectrum
respectively.

Messrs. A. Dufton and W. M. Gardner exhibited at the
Technical College an arrangement they had devised for the pro-
duction of an artificial light of the same character as daylight.

Such an artificial light has been much wanted by those engaged
in dealing with coloured stuffs, and the practical demonstration
given by the authors showed that they have successfully supplied
this want. They use an enclosed arc lamp, and surround the
translucent bulb of the lamp by a tank containing a solution of
copper sulphate of the proper strength, or by a box with sides
of glass of the same colour and the requisite thickness.

Mr. H. Ramage described his method of investigating corre-
spondences between spectra. He takes wave frequency as
abscissae, and atomic weights of the elements whose spectra are
to be compared as ordinales, and joins by lines the "corre-
sponding " points of the various spectra. These lines are in

general curved, and in the case of the components of a doublet
their distance apart increases with the atomic weight. If the
squares of the atomic weights are taken as ordinates, they
become straight lines intersecting on the axis of wave frequency.
He proposes, therefore, to introduce a term aW^, where a is a
constant, and W the atomic weight, into Rydberg's formula

which will thus become «= «o-aW'^
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Mr. G. J. Burch exhibited an experiment on simultaneous
contrast. One half of the slide of a stereoscope consists of blue
and the other of red glass. By means of diffraction gratings in

the eyepiece of the stereoscope, two spectra are produced which
appear to cover two patches of black paper on the two glasses.

Under these circumstances, that seen by the eye which looks at

the red glass appears to lack red, the eye being partially blinded
for red, the other for a similar reason lacks blue. In Mr. Burch's
opinion these facts confirm the views of Thomas Young on
colour contrast.

The Committee for improving the method of determining
Magnetic Force on Board Ship reported that an instrument had
been constructed according to the designs of Captain Creak,
which gave promise of overcoming many of the difficulties met
with in using Fox's circle.

The work of the Committee on Radiation in a Magnetic Field
had been interrupted by the death of Mr. Preston, but the com-
mittee now proposed to issue copies of Preston's photographs
showing how the various types of lines are affected by the
magnetic field.

The Electrica 1 Standards Committee reported that the standai ds
had been removed to Kew, where an outbuilding had been fitted

up for the temporary use of the committee of the National
Physical Laboratory. The sub-committee on platinum thermo-
metry has decided that platinum thermometers shall be con-
structed of a selected sample of platinum wire, and be used as

standards for high temperature measurements. The selection of
wire is still under the consideration of the committee. Arrange-
ments have been made for the construction of a mercury resist-

ance standard and an ampere balance. The Committee approves
of the adoption of the names Gauss and Maxwell for the C.G.S.
units of magnetic field and flux respectively.

Mr. R, S. Whipple gave an account of his improved standard
resistance coils. Alongside the platinum-silver wire of the

standard coil a second wire of platinum is wound. The differ-

ence of resistance of the two coils depends on their tempera-
ture, which may therefore be regulated to have any required
value. Dr. R. T. Glazebrook pointed out that the method had
been used by Messrs. Crompton in constructing their standard
resistances.

Mr. E. H. Griffiths described the form of Wheatstone bridge

he has devised for determining the freezing-points of dilute

solutions by platinum thermometry. A platinum thermometer
of about 18 ohms resistance placed in the solution, and another
similar one in ice, form two of the arms of a Wheatstone bridge.

The rest of the bridge is of platinum. The galvanometer is

connected to the bridge by means of two sliders, each of which
moves along a pair of platinum wires, one of the pair forming
part of the bridge, and the other connected permanently to the

galvanometer. The readings of these sliders for a balance

determine the difference of temperature of the two thermo-
meters. Using a Paschen galvanometer giving a deflection of

I mm. on a scale i metre distant for a current of io~^- ampere, Mr.
Griffiths can determine temperature to one-millionth of a degree
centigrade. Mr. R. Threlfall pointed out that although the

temperature of the platinum wire of the thermometer could be

determined to this degree of accuracy, the temperature of the

solution could not. In reply to Dr. Glazebrook, Mr. Griffiths

stated that the mercury contacts in Carey Foster's method
introduced changes which prevented this high degree of accuracy

being attained with it.

Prof. F. G. Baily described a lecture-room form of volt and
ammeter which he had devised. By means of a series of resist-

ance coils all contained in a small box, the deflections of a
galvanometer of the d'Arsonval type are made to correspond to

simple multiples or submultiples of a volt or an ampere.

Prof. W. B. Morton communicated some results he had ob-

tained by applying J. J. Thomson's and Sommerfeld's solution

of the propagation of an electric wave along a single wire, to the

approximate solution of cases of several parallel wires, some of

which may be returns, when the square of the ratio of the radii

of the wires to their distances apart may be neglected. His
results agree with the more complete investigations given by
Mie in the June number of the Annakn der Physik.

A communication from Mr. S. H. Burbury on the vector

potential of electric currents in a field where disturbances are

propagated with finite velocity, was, in the absence of the author,

taken as read. There are difficulties in the way of the usual

definition of the vector potential due to electric currents when
these currents are changing. These difficulties Mr. Burbury
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proposes to obviate by substituting in the definition, for the

current at a given point at the given instant, the current which

existed at that point r/V seconds before, where r is the distance

of the point from that at which the vector potential is to be

measured, and V is the velocity of propagation of an electric

disturbance.

The communication which most attracted the attention of the

members of the Association, and produced a great addition to

the attendance at Section A, was that of Sir William H. Preece

on wireless telephony. By a series of experiments carried out

at Lock Ness, the Menai Straits, the Skerries and at Rathlin

Island, he has shown conclusively that wireless telephony is a

practical and commercial system. At the Skerries a line half a

mile long terminated by earth plates placed in the sea, at a mean
distance of nearly three miles from a similar wire three and a

half miles long on the mainland, was quite sufficient to enable

telephonic messages to be transmitted with the ordinary instru-

ments. At Rathlin Island the wire is eight miles from the

mainland and communication is readily maintained. Endeavours

are to be made to extend the system to ships and there seems

•every probability of success.

Prof. G. F. FitzGerald, in a note on Cremieu's experiment,

described the arrangement adopted by Mr. Cremieu and the

negative result he had obtained, and contrasted them with the

arrangement and result obtained by Rowland in his experi-

ments on electric convection made in 1876. He considered that

the discrepancy of the results of experiments, which appeared to

have been carried out with great care, did not necessarily dis-

prove our theory of electromagnetism, but rather signified that

there was some action of a moving ion not hitherto included in

our equations which was well worth investigating. Dr. J.

Larmor pointed out that any want of symmetry of the revolving

disc and fixed case in Cremieu's apparatus would tend to cause

some part of the charge on the disc to remain stationary.

Prof. A. Gray announced that he had already commenced
work with a view to repeating both Rowland's and Cremieu's

experiments with the same apparatus.

Prof. J. Chunder Bose gave an account of his work on the

effect of electrical stimulus on inorganic and living substances.

By measurements of conductivity he determines the magnitudes
of the changes produced in the molecular structure of substances

due to an electric stimulus. Taking time of exposure to

stimulus, or time of recovery from effect of stimulus, as abscissae,

and change of conductivity as ordinates, he draws curves for

•numerous substances under varying conditions. He finds that

the curves for organic and inorganic substances are similar. On
this as a basis he has constructed an artificial retina, which has

enabled him to explain many obscure phenomena of vision.

The Committee on Electrolysis and Electro-chemistry re-

ported that the experiments on the freezing points of the

solutions whose electrical conductivities had been found by Mr.
Whetham were still in progress. Some experiments on the con-

sumption of carbon anodes in electrolysis have been made by
Mr. Skinner, who has found that the anion produced by electro-

lysis of any highly oxidised material consists partly of carbonic

acid. The committee now lapses.

Prof. G. F. FitzCxerald opened a joint discussion with the

chemical section, on ions. While acknowledging that the dis-

sociation theory of electrolysis had proved a useful hypo-
thesis, he wished to draw attention to the fact that there were
phenomena which it was incapable of explaining, and that dis-

sociation itself had not been dynamically explained. Why
should water dissociate a dissolved salt into its ions ? where
does the necessary energy come from ? how can the dissociated

ions wander about in the solvent without recombining ? and why
do some ions travel faster than others ? seemed to him questions

which the supporters of the theory had never satisfactorily

answered. The recent work on conduction in gases seemed to

render it necessary to restrict the term " ionisation " in future

to the process of producing atoms differently electrified, and to

introduce a new term " electronisation " for the production of

conductivity by the motion of particles of apparent mass about

1/500 of that of a hydrogen atom. In gases conductivity was
probably due to both causes, and in liquids to the former only.

In the case of metals, he should like to ask, how thick was the
layer of electricity on the surface ? did the thickness of a thin

metal plate alter its capacity ? and would the electrons fly to the
surface of a metal when it revolved ? He thought the questions
still open to discussion might be summarised as follows :

—

(i) The cause and nature of ionisation.
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(2) The source of the energy in dissociation in a liquid.

(3) The cause of the failure of the law of dissociation as the

concentration increased.

(4) The reason for the different rates of migration of the ions,

(5) The nature of the double layers, or why different metals
should attract electricity differently.

(6) Are the processes of ionisation the same in liquids and
gases ? and, if so, why ?

(7) Do electrons gravitate, i.e. have they a material nucleus
or not ?

(8) Is magnetism due to rotation of the electrons?

Dr. Larmor, before calling on the chemists present for their

remarks, pointed out that the large dielectric constant of water
meant a large electric moment for the water molecule, and
therefore a considerable separation of the positive and negative

charges on the molecule. A molecule of dissolved salt might
therefore readily come under the influence of one of these

charges alone.

Prof. H. E. Armstrong stated that in the opinion of chemists

the atoms were permanent and stable, and that the removal of

1/500 of the mass of a hydrogen atom along with its negative

charge seemed to them impossible. He thought that the same
process produced conductivity in gases which produced it in

liquids ; that in gases the vapour of water played the part of the

water in electrolysis of a dissolved salt, and that in all cases it

was necessary to form a " tiiplet " by the presence of a third

substance, before any chemical or other action could result. This
third substance was generally one having one of its constituents

in an " unsatisfied " condition, like the oxygen in water or the

nitrogen in ammonia, and in which there was in consequence a

tendency towards " association " of molecules.

Mr. Whetham stated by letter that he did not think the diffi-

culties of the dissociation theory were as great as they were
represented. The ions might be free from each other but be
connected with the molecules of the solvent.

Principal Oliver Lodge thought that although in a liquid the

charges apparently travelled with the atoms, while in a gas the

electrons appeared to be free, in neither case was conduction by
means of molecular aggregates excluded. He considered me-
tallic conduction the handing on of the electrons from one atom
to another. He looked forward to an electrical theory of

matter, in which the hydrogen atom would consist simply of

500 electrons without nuclei.

Mr. W. J. Pope pointed out that the dissociation theory only

held up to concentrations of 5 per cent., and that there was a

difficulty in the case of salts which on account of their asymmetry
rotated the plane of polarisation of light.

Dr. H. C. Pocklington gave an account of his work on the

radiation of a black body on the electro- magnetic theory. As-
suming that the energy of the total radiation emitted by a black

body at any temperature is the product of powers of the tem-

perature 9, the velocity of propagation of the radiation v, and the

atomic charge Q, Dr. Pocklington finds by the theory of dimen-
sions that the power of the temperature is 4, i.e. Stefan's law, and
that the radiation between K and A.-I-SA. is proportional to

/';-Q-t- /(§)•
in agreement with Wien's law.

Mr. C. E. S. Phillips gave an account of his experiments on
the apparent emission of kathode rays from an electrode at zero

potential. He has found that the green flecks which make their

appearance on the inner surface of a partially exhausted vacuum
bulb when a discharge passes, are due to the emission from the

kathode of jets of occluded gas, which continue even when the two
electrodes ot the bulb are both earth connected. These jets

produce shadows of opaque bodies held in their path, and
although their velocity is probably not greater than that of

sound, they can cause the green fluorescence in the glass on
which they impinge.

Mr. J. B. B. Burke communicated a paper on the phosphor-

escent glow in gases. He uses electrodeless tubes, and finds

that the glow begins to appear at a pressure of 7 mm., is a

maximum at 'I, and disappears at '02 mm. of mercury. It

seems to be composed of two parts, one carrying the charge, the

other uncharged, but capable of producing conductivity in those

parts of the tube to which it penetrates. The conductivity effect

is propagated quickly, but the glow appears to be propagated by
diffusion along the tube. Prof. A. Smithells mentioned that his

experiments on flame showed that the emission of light from
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the flame was in the same way independent of the conductivity

of the flame.

At the close of the meeting of the section on Wednesday
morning, September 12, votes of thanks to the president and
secretaries were passed, and the section adjourned to Glasgow.

C. H. Lees.

ASTRONOMY AT THE BRITISH
ASSOCIA 7ION.

A STRONOMY this year constituted a distinct department of
-^*- Section A, with its own chairman and secretaries, and a
separate room was provided for the reading of papers on this

subject. The new departure was sufficiently justified by the
attendance at the meetings, and in future years, when the
formation of the Department of Astronomy becomes more widely
known, increased success may be confidently expected. The
department met on Friday, September 7, and Tuesday, Sep-
tember II, and altogether sixteen papers were read.

At Friday's meeting, after the chairman's address, three
papers by Prof. Todd, relating to eclipse work, were read by
one of the secretaries in the absence of the author. In one of

these attention was called to the " application of the electric

telegraph to the furtherance of eclipse research." In 1878, the
idea first occurred to Prof. Todd to telegraph eastward in

advance of the lunar shadow in order to enable the immediate
verification of any possible discovery, as of an intramercurian

planet, without waiting for another eclipse. The feasibility of

the method was demonstrated in January 1889, and again more
completely during the eclipse of May 28, 1900. At the station

occupied by Mr. Douglas in Georgia, totality preceded the same
phenomena in Tripoli, where Prof. Todd himself was observing,

by 2h. 45m., and the outcome of the experiment was that,

through the generous help afforded by the various telegraph
companies, an account of the American observations was received

by Prof Todd more than two hours before totality occurred at

Tripoli. Abundant time for special preparations to verify any
important discovery was thus available.

In his second paper Prof. Todd dealt with a variety of
methods of operating eclipse instruments automatically. The
" mechanical system," as distinct from the pneumatic and
electric arrangements which he had previously devised, was first

tried during the recent eclipse. The instruments being set up
on the roof of the British Consulate, gravity was utilised for the
mechanical operation of slides and shutters. One hundred
photographs were secured at Tripoli by seven instruments
operated in this manner. Experience indicates that the gravity
method is the best where the number of instruments is not
great.

Another paper by Prof. Todd described the use of a wedge
of yellow optical glass in giving correctly graduated exposures
of the partial phases and corona on a single biograph film.

An important paper on the classification of sun-spots was
read by the Rev. A. L. Corti, S.J., and illustrated by a fine

series of lantern slides selected from the thousands of drawings
made at Stonyhurst during the last twenty years. Five types,
with a certain number of sub-divisions, were found sufficient to

denote the characters of all the spots which had so far been
examined.
The chief type, of which the others are probably but phases, is

the two-spot formation. The faculne associated with the dif-

ferent types are also of diff'erent characters, and it may be pos-
sible to foretell the outburst of a spot by the observation of a
certain kind of facuJa. As an illustration of the use of the type
numbers, the life-history of a composite disturbance which
cros.sed the solar disc five times between May 14 and September
4, 1887, was thus described :

—
I., 11.6

I

IV.^, IV.a
I
IV.a, IW.d, IW.a

\
IV.a, I., Il.a

| I.

In the course of the discussion on this paper it became evident
that the need for some short system of notation had long been
felt by observers of sun-spots, and that, providing the scheme
suggested would cover all cases, it would be very valuable. The
chairman remarked that possibly a still better system, which
would tax the memory less, might be devised on the plan of
Herschel's notation for nebulae.

Prof. Turner exhibited and explained " a cheap form of
micrometer for determining star positions on photographic
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plates." The essential features are a wooden frame to support
the photograph, with an attachment carrying a simple micro-
scope containing a scale in the eye-piece. For less than thirty
shillings an efficient instrument can be constructed, capable of
yielding measures of practical utility. It thus becomes possible
for any one to undertake important researches at a much smaller
outlay than would be involved in the purchase of a telescope,

since there is no lack of material to work upon. Among the
investigations mentioned by Prof. Turner as possible with such
a machine, were the determination of the positions of nebulae
and comets, and measurements to ascertain the forms of the
trails of meteors. Considerable interest in the proposal was
displayed, and the hope was expressed that many who now
spend their time in fruitless star gazing with small instruments
may be induced to undertake these micrometric measurements.

Thursday's meeting was opened with an interesting paper by
Dr. Lockyer, in which a comparison was made of the details of
the prominences and corona as shown in photographs taken
during the recent eclipse at intervals of 2^ hours, by Prof
Langley and Sir Norman Lockyer, in America and Spiin
respectively. While enormous changes in the prominences were
revealed, no change was detected in the structure of the corona
in the region of the North Pole, which had been specially

investigated. An interesting feature of one of the photographs
taken in Spain with an exposure of 40 seconds was the extreme
hardness of the moon's limb, notwithstanding the relative

motion of the moon during the exposure ; the explanation of
this unexpected appearance was based on the rapid diminution
in intensity of the corona as the outer layers are reached, so that

the momentary exposures of the lower corona on the advancing
limb of the moon at the beginning of the exposure, and on the
following limb at the end, were sufficient to give a strong
impression.

The new form of refracting telescope recently erected at.

Cambridge, chiefly for photographic work, was described by
Mr. A. R. Hinks, and illustrated by lantern slides. The object-

glass is a Taylor triple lens of 12^ inches aperture, and the chief
peculiarity of the mounting is that the portion which is usually
the lower half of the tube forms the polar axis, Avith the eyeend,
at the top, while the object-glass end is hinged to the other
piece, and a plane mirror is placed at the junction. In another
paper Mr. Hinks referred to the preparations which are being
made for determining the solar parallax by observations of Eros
during the coming winter, and exhibited a series of diagrams
showing the path of the Cambridge Observatory as seen from
that planet at various times. With the aid of such diagrams
the observer can see at a glance the most favourable times for

making micrometric measurements or taking photographs for

the purpose in hand. The importance of the observations of
Eros was emphasised by Prof. Turner, who remarked that at
the present time the probable error of the adopted value of the
.solar parallax was equivalent to the thickness of a wicket in the
length of a cricket pitch. Unlike the transit of Venus, the
observations of Eros would be easily reduced, and the results of
the observations would soon be accessible.

A paper on " some points in connection with the photography
of a moving object, ' by Mr. W. E. Plummer, had an important
bearing on the photographic method of ascertaining the position-

of such a rapidly moving object as the planet Eros. A com-
parison of measurements of the positions of a comet made with
a micrometer and those determined from photo^jraphs indicated
that considerable errors might be introduced in the photographic
results on account of the difficulty of determining the epoch of
observation. Since the first few moments of exposure on the
moving object leave no impression, the middle of the trail does
not correspond to the middle of the exposure. In exposures of
ten minutes on Eros the danger of error was very con.siderable.

Mr. Hinks remarked that it was hoped to obtain sufficiently

strong impressions of the field containing Eros with exposures
of one or two minutes, under favourable circumstances, and,
moreover, special precautions to eliminate this difficulty had
been arranged at the Paris Conference.

Mr. John Herschel described in detail his method of observing
and recording the paths of meteors. Special maps are con-
structed in which the brighter stars are represented by perfora-
tions made with needles of various sizes, the side of the paper
away fiom the observer being blue, while that towards him is

white. The map being laid on a sloping desk of ground glass
illuminated by a night light, the paths of the meteors are ruled
in by means of a transparent celluloid ruler having a black edge.
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The duration of flight is estimated by repeating the letters of

the alphabet, minus w, at the rate of five per second, after

experience gained from previous practice.

Among other papers presented to the astronomical depart-

ment was one by Mr. C. T. Whilwell, on " The Duration of

Totality of the Solar Eclipse of May 28, igcx)." A table which

was given illustrated very forcibly the discrepancies between

the calculated and observed durations at various observing

stations. It was pointed out that to reconcile the observations

and calculations by supposing that there were errors in the

adopted value of the moon's diameter, or in the position of the

observing station, involved the assumption of greater errors

than were probable, though each may account in part for

the discordance. Another suggestion, due to Mr. Crom-
melin, was put forward—namely, that, on account of the

irregularities of the moon's limb, the beginning of totality is

retarded by an amount corresponding to the movement of the

moon required to bring the lowest depressions to the edge of

the sun's disc after the assumed geometrical boundary has made
contact, while for a similar reason the end of totality would
be hastened. A. Fowler.

CHEMISTR YA T THE BRITISHASSOCIA TION.

A LTHOUGH the president of section B, Prof. W. H.
^^ Perkin, junr., is mainly known as a specialist on poly-

methylene compounds, his address upon the teaching of inorganic

chemistry proved to be of very general interest and was en-

thusiastically received by a large audience. His contention that

the present system of examinations would be advantageously
superseded by an inspection of the students' laboratory notebooks
was favourably commented upon by Sir H. E. Roscoe and Dr.

H. E. Armstrong, although it was admitted that the practical

difficulties in the way of such a method are very considerable.

The presidential address was followed by the report of the com-
mittee on the teaching of science in elementary schools, of which
Dr J- H. Gladstone is chairman ; the report consisted princi-

pally of a discussion of the returns of the Education Department
in so far as they concern the teaching of elementary science.

The debate which ensued materially assisted the strong case

which was subsequently made out in favour of establishing a
separate section of the Association for dealing with educational

matters. A paper was next read by Dr. Letts and Mr. R. F.

Blake on some problems connected with atmospheric carbonic

anhydride and on a new and accurate method for determining
its amount, suitable for scientific expeditions ; attention was
drawn to the variations in the amount of atmospheric carbonic

anhydride, and possible explanations of the variations were con-

sidered. The authors determine carbonic anhydride in air by
absorbing it from about six litres with caustic potash solution,

subsequently liberating it by boiling the potash solution

with acid in a vacuum and measuring the volume of the

carbonic anhydride in a suitable eudiometer. Mr. W. Ackroyd
contributed papers on the distribution of chlorine in West
Yorkshire and on a limiting standard of acidity for

moorland waters. Water from the upper reaches of the West
Yorkshire rivers contain from 07 to i 3 parts of chlorine per

100,000, but as the sea or a more populous district is approached,
the chlorine number becomes much greater. No cases of

plumbism have yet been traced to the solvent action upon lead

pipes of water of which the acidity is less than the equivalent of

0'5 part of sulphuric acid per 100,000; this acidity value

is therefore tentatively proposed as a limiting standard for

potable waters of moorland origin. Dr. T. W. Hime read a

paper on the effects of copper on the human body, in which he
sought to show that the agitation against the use of articles of
food containing small quantities of copper salts is unjustifiable,

because a large number of well-known food stuffs contain
copper as a normal constituent and because such articles of

food exert no poisonous action at all. Reports were received
from the committees on the bibliography of spectroscopy and
on the preparation of a new series of wave-length tables of

the spectra of the elements. Prof. H. B. Dixon and Mr. F. W.
Rixon, in a paper on the specific heat of gases at temperatures
up to 400°, showed an apparatus for making such determinations
at constant volume in which a steel cylinder containing the gas
is heated and dropped into a calorimeter ; the preliminary
results obtained with carbonic anhydride were stated. Mr.
F. H. Neville communicated a report on the chemical com-
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pounds contained in alloys of which the following is a brief

abstract. Intermetallic coriipounds may be compared with the
unstable compounds of the halogens with each other and with
sulphur ; they often bear a great superficial resemblance to their

constituent elements and appear to show marked dissociation,

or to form systems in true equilibrium with the liquid mixture
of their components.
The intermetallic compounds may be isolated from an alloy

(i) by filtration, (2) by volatilisation of excess of a volatile metal,
o'' (3) by removing the excess of metal by means of a suitable

solvent. Method (i) has been used by Heycock and Neville,

who, on filtering a partially solidified solution of gold and
cadmium in tin, obtained a crystalline residue having the com-
position AuCd ; method (2) was applied to the preparation of

the same compound by distilling the excess of cadmium from an
alloy of gold and cadmium. Lebeau prepared the compounds
SbNa.j, BiNag and SnNa4 by distilling the excess of sodium
from alloys in ammonia and nitrogen gas. Debray isolated the

compounds PtSn4, RhSn^and RuSn.j, and Le Chatelier obtained

CugSn by the action of dilute hydrochloric acid on alloys con-
taining excess of tin ; by methods of a similar nature Heycock
prepared PtAlj and Stead isolated the crystalline substances

Au4Pb, AusPbj, SnSb and SnjAsg. There is, in the application

of this method, considerable risk of the solvent attacking the

crystals, and Stead has found that the formation of crystals

having a core differing in composition from the outside consti-

tutes a serious drawback to the method of partial solution

regarded as an independent method of investigation. In the

systematic study of intermetallic compounds may be placed first

that of the chemical equilibrium of the binary system ; this is

generally expressed by the freezing-point curve, and has been
mainly investigated by Roozeboom and Le Chatelier. Next,
and perhaps of equal importance, is placed the microscopic ex-

amination of the solid alloys ; whilst thirdly, and more limited

in applicability, comes the determination of the difference of

electrical potential existing between a metal and its alloys. On
determining the freezing-points of a series of mixtures of

two metals and plotting the freezing-points as ordinates

against the compositions as abscissae, a freezing-point curve

is obtained which in its simplest form consists of two
branches meeting at an angle—the eutectic angle—lying at a
minimum point on the curve. In other cases the freezing-point

curve shows a maximum point, but this is not cusped and lies on
a gradual change of curvature ; the freezing-point curve may
thus consist of a series of branches connected by summits and
eutectic depressions. It is pretty generally recognised that the

eutectic alloy is merely a conglomerate and not a compound, but

it is a remarkable fact that the position of the eutectic point on
the curve often corresponds closely with some simple molecular

composition ; cases of this have been observed, not only with

alloys, but also amongst organic compounds, by Paterno and
AmpoUa. The branches of the curve upon which summits lie

are caused by the separation of compounds of definite chemical

composition from the solidifying magma ; the maximum points

lie at positions corresponding to the composition of the com-
pound, but Le Chatelier considers that the summit does not

necessarily lie exactly at the point indicated by the molecular

composition, owing to dissociation occurring in the liquid state.

This point, however, needs further investigation. The points

upon the freezing-point curve merely denote the temperatures at

which solid begins to separate from the magma, but Roozeboom
has shown that valuable results may be obtained by plotting, not

only the temperatures at which solid begins to separate, but also

the temperatures at which complete solidification occurs ; in

general, the one curve lies below the other, but they intersect

or become one whenever the alloy solidifies as a whole. The
microscopic examination of the pattern shown by the polished

surface of an alloy which has, if necessary, been etched or

heated to produce oxidation colours has been worked at princi-

pally by Osmond, Charpy and Stead. The existence of

coated crystals is made evident by this method, as in the

case of the bronzes rich in tin, in which Stead has

shown that the CugSn crystals are coated with CuSn.
Le Chatelier has pointed out that in these cases the

solid alloy is not in equilibrium, and that annealmg will,

in general, cause considerable change. Charpy and Stead

also consider that evidence of the existence of series of mixed
crystals is obtained by microscopic examination. Rontgen ray

photographs of thin sections of alloys which contain one trans-

parent metal and one more opaque often give good views of the
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crystals in the alloy ; they were introduced by Heycock and
Neville. Laurie and Herschkowitz have studied the potential

difference set up between an alloy and the more electro-positive

metal contained in it, using a salt of the electro-positive metal

as the electrolyte. It is shown that if the alloy consists of a

conglomerate of the two metals, the potential of the alloy is

that of the more electro-positive constituent ; if, however, the

two metals are mutually soluble in the solid state, the potential

of the alloys will change very gradually with change of com-
position. Lastly, the existence of intermetallic compounds is

indicated by a sudden and large change in potential when the

composition of the alloy attains that of the compound. The
author notes that although the molecular depressions of the

freezing-point of one metal by solution in it of a second point in

general to the molecular and atomic weights of the second

metal being identical, the evidence is not complete because the

second metal may exist combined with the first in the solu-

tion. The reading of this report was followed by a lively

discussion, in which Sir W. Roberts-Austen, Mr. J. E. Stead,

Mr. W. J. Pope, Mr. Stansfield and Dr. H. E. Armstrong
took part. Mr. J. E. Stead then read a paper on the

mutual relations of iron, phosphorus and carbon when together

in cast iron and steel, which was illustrated by a very excel-

lent series of drawings and photomicrographs. Prof. J. A.

Ewing and Mr. W. Rosenhain gave a paper on the crystalline

structure of metals, in which it was shown that the crystalline

character of metals like lead, zinc, tin and cadmium is altered by
subjecting them to a severe plastic strain at moderate tem-

peratures ; evidence was also adduced in favour of the solution

theory of annealing. Prof. Barrett read a paper on the electric

conductivity of the alloys of iron, and Mr. C. S. Bradley spoke

on some new chemical compounds discovered by the use of the

electric furnace. The sixth report of the Committee on electro-

lytic methods of quantitative analysis was presented ; it con-

sisted of papers on the determination of bismuth by Prof. J. E.

Reynolds, and on the electro-deposition of iron, by Dr. C. A.
Kohn and others. A paper on a simple method for comparing
the " affinities " of certain acids was contributed by Messrs.

H. J. H. Fenlon and IL O. Jones. Oxalacetic acid is decom-
posed by dilute sulphuric acid into phenylpyrazolonecarboxylic

acid in accordance with the equation :

—

CioH.oN^O^ = CioHsNoOg -f H,0,

whilst water converts it into the hydrazone of pyruvic acid with

evolution of carbonic anhydride. Using decinormal solutions of

various acids, it is found that the amounts of carbonic anhydride
evolved are inversely proportional to the concentration of the

hydrogen ions and hence afford a measure of the affinity con-

stants of the various acids. Mr. H. J. H. Fenton and Miss
M. Gosling gave a paper on derivatives of methylfurfural, and
Mr. H. M. Dawson spoke on the influence of pressure on the

formation of oceanic salt deposits. A paper on recent develop-

ments in stereochemistry was read by Mr. W. J. Pope, in which
it was pointed out that until a year ago the only known sub-

stances exhibiting optical activity in the amorphous state

contained an asymmetric carbon atom. Last year, however,
Pope and Peachey described a compound which owes its optical

activity to the presence in the molecule of an asymmetric
nitrogen atom, that is to say, a nitrogen atom which is directly

iitached to five different groups of atoms. On treating

optically inactive methylallylphenylbenzylammonium iodide

with silver dextrocamphorsulphonate in a nearly water-free

solvent and evaporating the solution, a crystalline mixture
of the dextrocamphorsulphonates of dextro- and Ijevo-

melhylallylphenylbenzylammonium is obtained which is easily

resolved by fractional crystallisation ; on treating the aqueous
solutions of these salts with potassium iodide solution, crystalline

precipitates of the iodides of the two optically active substituted

ammonium iodides are obtained. This result proves that

ammonium .salts are not mere molecular compounds of ammonia
with an acid, but are true atomic compounds, in which five

atoms or groups of atoms are directly attached to the nitrogen

atom. The use of strong optically active acids has also been
applied during the present year to the preparation of compounds
owing their optical activity to the presence of an asymmetric
tin atom. On treating methylethylpropylstannomethyl iodide

with silver dextrocamphorsulphonate and evaporating the solu-

tion, dextromethylethylpropylstannomethyl dextrocamphor-
sulphonate is obtained in the crystalline state. On treating the
aqueous solution of this salt with potassium iodide solution,

dextromethylethylpropylstiannomethyl iodide separates as a
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yellow oil under certain conditions, although under others the

iodide becomes inactive owing to the occurrence of racemisa-

tion. Similarly, dextromethylethylthetine platinochloride was
prepared from optically inactive methylethylthetine bromide,
proving that the asymmetric sulphur atom gives rise to optical

activity in the same way that the asymmetric carbon, nitrogen

or tin atom does. Further, these results prove that the sul-

phonium compounds contain quadrivalent sulphur, and are true

atomic compounds. Since the four elements which we now
recognise as able to give rise to optical activity in appropriate

compounds are representatives of three groups of the periodic

classification, it may be concluded that all the quadri- and
quinque-valent elements of the carbon, oxygen and nitrogen

families can act as centres of optical activity. Dr. J. B. Cohen,
Dr. Divers, Mr. W. Barlow, Dr. H. E. Armstrong, and Dr.

F. S. Kipping took part in the discussion which followed the read-

ing of this paper. Dr. A. Lapworth presented a report on our

knowledge of the constitution of camphor, in which he showed
that the constitutional formula proposed for camphor by Bredt,

CH2—CH CHj
I

ICMe^

CHj-CMe — CO
is the only one which is in accordance with the facts, and that

the Perkin-Bouveault formula must be considered as erroneous.

The President, Dr. H. E. Armstrong, Dr. F. S. Kipping and
Mr. W. J. Pope joined in the ensuing discussion. A paper

was read in which Prof. J. Bredt quoted further evidence in

support of the constitution which he has proposed for camphor.
Prof. Ossian Aschan, of Helsingfors, gave a paper in which it

was shown that on replacing the ketonic oxygen atom in the

camphor molecule by two hydrogen atoms the material becomes
optically inactive, as it should do if Bredt's formula is correct.

The Committee on isomeric naphthalene derivatives, of which
Dr. H. E. Armstrong is secretary, reported that Mr. W. A.
Davies has continued the study of the action of bromine on
betanaphthol, and has obtained two isomeric tribromonaphthols,

melting at 155° and 159° respectively. The report of the Com-
mittee on isomorphous derivatives of benzene, drawn up by Dr.

H. E. Armstrong, was presented. A number of series of homo-
logues of formanilide of the composition Cglls'NX'COY,
where X and Y are alkyl groups, have been crystallographically

examined and numerous crystallographic relationships estab-

lished by Mr. L. P. Wilson. Dr. Jee has further investigated

the isotrimorphous series of 1:3: 4-dihalogenbenzenesulphonic

chlorides and bromides, and has proved a relation between the

stability of the crystalline modifications of the various com-
pounds and their position in the series. Dr. S. Ruhemann and
Mr. H. E. Stapleton gave papers on the synthesis of benzo-7-

pyrone and on the combination of thiophenol and guaiacol with

the esters of the acids of the acetylene series. Dr. J. B. Cohen
and Mr. H. D. Dakin read a paper on the chlorination of

the aromatic hydrocarbons and the constitution of the dichloro-

toluenes, in which it is shown that the chief products of the

chlorination of toluene are the 1:2:3- and 1:2:4- and pos-

sibly a little of the I : 2 • 5-dichlorotoluene. Mr. C. F. Cross

gave a paper showing that Caro's reagent acts on furfural with

formation of a hydroxypyromucic acid. Mr. H. T. Brown gave

an account of his recent work on the diffusion of gases and
liquids. Dr. J. B. Cohen read a paper on smoke prevention,

contending that the production of smoke should be regulated by
some .system of Government inspection. Mr. T. Fairley read a

paper on the heating and lighting power of coal gas, and stated

that in populous districts from 20 to 50 per cent, of the gas

produced is consumed for heating purposes or by gas engines.

Dr. A. Liebmann contributed a report on recent improvements

in the textile industries, in which he observed that the inflam-

mability of artificial silk, which constituted so serious an objec-

tion to the use of the material, has now been entirely prevented
;

the use of artificial silks is, however, limited by their brittleness

and susceptibility to damage by damp. Major-General Water-

house gave a paper on the sensitiveness of silver to light, whilst

Dr. J. H. Gladstone and Mr. G. Gladstone contributed some
thoughts on atomic weights and the periodic law. Mr. F. W.
Richardson gave a paper on Bradford sewage and its treatment,

in which it was noted that the presence of large quantities of

wool-grease and nitrogenous impurities make the Bradford

sewage peculiarly difficult to deal with ; the grease soon chokes

up the fillers and, if it were absent, the sewage could readily be
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treated biologically. Mr. W. Leach, in a paper on wool-combers

effluents, also referred to the unsatisfactory character of the puri-

fication methods at present applied to the sewage. Mr. W. B.

Bottomley discussed the utilisation of the sewage sludge, and

contended that the sludge should be pressed and dried, when it

forms a valuable manure. Dr. Letts and Mt. R. F. Blake gave

a simple and accurate method for estimating the dissolved

oxygen in fresh water, sea water, sewage effluents, &c.

SCIENTIFIC SERIALS.
American Journal of Science, September.—The gas ther-

mometer at high temperatures, by L. Holborn and A. L. Day.

This is a further study of the nitrogen thermometer with

platinum-iridium bulb, which is superior to the porcelain bulb.

The correction for expansion is io° at 500°, 30° at 1000°, and
40° at 1150°. The authors make an elaborate comparison of

the gas thermometer with the thermocouples, and determine

anew the melting points of a number of metals. Those of

silver and gold are 955° and 1064° respectively —Monazite, by

O. A. Derby. A single granule of the mineral, no matter how
minute, can be securely identified by moistening it with

sulphuric acid on a slip of glass and burning off the sulphuric

acid over a spirit lamp, when the residue shows the characteristic

crystallisation of cerium in radiating needles or isolated crystals

of the shape of cucumber seeds.—The spectra of hydrogen and
the spectrum of aqueous vapour, by J. Trowbridge. When
a condenser discharge is sent through a rarefied gas confined in

a glass vessel, the gas cannot be considered dry, for aqueous

vapour is liberated from the glass. The four-line spectrum of

hydrogen in the solar atmosphere is an evidence of aqueous

vapour, and therefore of oxygen in the sun. Conclusions in

regard to the temperature of the stars exhibiting hydrogen
spectra are misleading if purely based upon conditions of

pressure and temperature, for electric dissociation plays a

determining part. X-Ray phenomena produced by a steady

battery current strongly suggest an electrical theory of the origin

of the sun's corona.—A new effect produced by stationary

sound-waves, by B. Davis. When a small cylinder, closed at

one end, is placed in the stationary sound-wave of an organ

pipe, it will not only arrange itself perpendicularly to the motion
of the wave, but will move across the wave in a direction

perpendicular to the stream -lines. When four such cylinders

are mounted in the shape of an anemometer on a needle point,

they rotate while the pipe is sounded.—Some interesting

developments of calcite crystals, by S. L. Penfield and W. E.

Ford. The crystals described show a great diversity of habit,

often on a single hand specimen, due to different methods of

twinning, together with peculiarities in the development of

certain crystal faces. Some peculiar cases of rhombohedral
twinning are described.—Method of measuring surface tension,

by J. S. Stevens. The surface tension is measured by floating

an iron wire on the surface of the liquid, and suspending a piece

of soft iron by it. The iron is pulled into a magnetising coil

immersed in the liquid by currents which increase until the

surface is broken through.

Annalen der Physik, No. 8.—Structure, system and magnetic
behaviour of liquid crystals, and their mixture with solid ones,

by O. Lehmann. The author has succeeded in proving that all

the characteristics of crystallisation which the "liquid crystals"

described by him do not possess, cannot logically be made part

of the definition of a crystal. The only general characteristics

of crystals are that they are not isotropic, and that they possess

a molecular directive force which governs their shape, and the

manner in which their constituent particles are deposited. The
directive force is preserved by means of the surface tension, and
crystals may therefore be liquid or solid, but they cannot be

gaseous. Liquid crystals may be produced by depositing solid

crystals on the cover glass of a microscope and gently heating

them above the fusing point.—Generation of electricity in liquid

air, by H. Ebert and B. A. Hoffmann. A body suspended
above liquid air acquires a strong negative charge. This electri-

fication is due to the friction of minute particles of very cold ice

suspended in the air vapour. The authors constructed a kind
of electrifying machine by means of a tube containing a piece

of wire gauze through which the vapour of liquid air was
driven.— Spectrum of radium, by C. Runge. The author has
located three of Demar^ay's lines with the precision necessary to

distinguish them from neighbouring solar lines. The lines

located have wave-lengths of 4826"I4, 4682"346 and 38i4'59i

respectively.—Influence of a spark-gap upon the generation of
Rontgen rays, by A. Winkelmann. The maximum gaseous
pressure at which X-rays can be produced may be raised by
introducing a spark-gap into the circuit, the best position for it

being next the kathode. Hydrogen yields X-rays ar greater
pressures than air or carbonic acid.—Fall of potential and
dissociation in flame gases, by E. Marx. The author proves
that an apparent failure of Ohm's law in flame gases is due to

the fact that owing to the scarcity of ions the saturation current
is soon attained.—Hall effect in flame gases, by the same author.
Owing to the great speed of the ions in flame gases, and the
difference in the velocities of the positive and negative ions, a
Hall effect is much more appreciable in flames than in electro-

lytes. The author demonstrates the existence of such a Hall
effect in the case of a flat Bunsen flame into which a fine spray
of a solution of some alkaline salt is blown.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, September 24.— M. Maurice Levy
in the chair.—Nature of the combustible gases found in the air

of Paris, by M, Armand Gautier. The author has shown in

previous papers that the ratio of carbon to hydrogen found by
his method of combustion in dilute mixtures of methane and
air is 2*4, instead of the theoretical 3. The much higher value
of this ratio found in the air of Paris proves that there must be
present gaseous substances richer in carbon than methane, such
as benzene vapour or its analogues. The experimental results

obtained are in accord with the assumption that in 100 litres of
Paris air there are 19 '5 c.c. of hydrogen, I2*i c.c. of methane,
17 c.c. of benzene vapour and 0'2 c.c. of carbon monoxide.

—

Experiment in wireless telegraphy with the human body and
metallic screens, by MM. E. Guarini and F. Ponceiet. The
electric waves were generated by a Wimshurst influence machine
and were allowed to act directly upon a coherer. It was found
that the human body acted perfectly as a screen.—On crystallised

calcium aluminate, M. Em. Dufau. The crystallised aluminate is

obtained by heating a mixture of calcined alumina and lime in

an electric furnace. Its formula is CaAl204 ; it forms transparent

needles which do not scratch glass.—On Russian flour, by M.
Balland. Proximate analyses of three samples of Russian flour

are given.
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A NEW GEOGRAPHY OF PLANTS.
Pflanzen- und Tierverbreitiing. Von Alfred Kirchhoff.

Hann, Hochstetter, Pokorny, Allgemeine Erdkunde.

Fiinfte Auflage, von J. Hann, Ed. Bruckner und A.

Kirchhoff. iii. Abteil. Mit 157 Abbild. im Texte, u. 3

Karten in Farbendruck. Pp. 327. (Prag u. Wien :

F. Tempsky. Leipzig: G. Freytag, 1899.)

TO see a portion of my special domain surveyed by

an authority in another branch of science appeals

to me in a particularly interesting and instructive light,

especially if it comes from a man of judgment and broad

views. Such a survey may expose any bias, and is likely

to open up new vistas. Dr. Kirchhoff, professor in the

University of Halle, is a geographer of repute, and

naturally approaches the facts of distribution of plants

and animals from a point of view dift'erent to that of a

botanist or zoologist. It is true his book is intended as

an introduction to phytogeography and zoogeography for

the student of physical geography, and not as a critical

essay on these branches
; yet its merits seem to demand

that we should rank it higher and. judge it accordingly.

It is not a mere abstract of one of the few well-known

treatises on the distribution of plants and animals, made
to serve as a text-book for the beginner, but the product

of a mind evincing a considerable power of assimilation

of matter, necessarily foreign to it in many of its details,

and with an admirable grasp of that which is essential.

With these accomplishments are combined the gift of a

lucid exposition and of a language which is, apart from

certain idiosyncrasies of expression, clear and pleasant.

The author reminds the reader in the preface that in
I

the earlier editions of Hann, Hochstetter and Pokorny's

"Allgemeine Erdkunde," the corresponding part was

written by Dr. A. Pokorny ; that the progress of phyto-

and zoo-geography has rendered it necessary to recast the
,

whole ; and that it is written more especially for the
;

students of geography, and excursions into the domain

of the naturalist had therefore to be avoided. Yet i

geography on the one side, and botany and zoology on

the other, overlap to such an extent within the compass
!

of phyto- and zoo-geography, that the author was naturally

obliged to fall back over and over again on the botanist

or zoologist, who supplied him, if I may say so, with the

woof to his warp. It is here where, as one might

expect, the weak points of the book become evident ; and
it is a pity that the author did not avail himself of the

aid of a competent botanist for final revision. I suppose

the same applies to the zoological details. Reckless
j

statements, as, for instance, that a single individual of

Sisyinbriu7n sophia produces 720,000 seeds, or that most

of the 854 species of the Egyptian flora are introduced,

or that Southern Italy (exclusive of Sicily) possesses

3132 species against 9000 for the whole of British India^

i.\;c., can hardly be excused by the desire of putting the

case as emphatically as possible. Instances of a decided

looseness of expression in describing certain facts

would have been discovered at once by a botanical critic,

e.g. when the author says, on p. 18, that the plants derive
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their " principal food " from the soil, while he applies the

same term, on p. 24, to the carbon dioxide of the atmo-

sphere ; when he quotes the orchids and aroids of the

equatorial zone as examples of parasites (p. 19), although

he describes them quite correctly as epiphytes in another

place ; and again, when he attributes " genuine grass

leaves" to the Australian Xanihorrhoea (p. 112). Slips,

also, like that on p. 162, where the " Rose of Jericho" is

figured as Asteriscus pygmaeus., a member of the order

of Compositoe, but described in the text as a " little

Cruciferous plant {Anasiatica hierochuntica)^'' or on

p. 198, where the author speaks of the " Kompositen-

geschlecht der . . . Caesalpinien," call for the helping

hand of the botanist. Willows are not wind-fertilised

(p. 51) ; Rhododendron ponticum is by no means killed by
- 2^^ C. (p. 86) ; the peach has not originated in Southern

Asia (p. 135) ; there is no transformation of our ordinary

grape-vine into an evergreen plant in the tropics ; these

are statements which should be repeated no longer in

text-books. It would be easy to quote a good many more
mistakes of this order, but I do not wish to dwell on them
more than is necessary to show where, in a future edition^

careful revision must be undertaken.

The book is divided into three parts. The first part

occupies 139 pages, and deals with general telluric con-

ditions in relation to the organised world, the second

(88 pages) with the phytogeographical divisions (Flora-

reiche), the third (100 pages) with the zoogeographical

divisions (Faunareiche). The first part is subdivided

into five sections, dealing with (i) the reproductive and
migratory capacities of the organisms, (2) the natural

conditions of vegetable and animal life, (3) the variability

of organisms, (4) the Theory of Descent and its geo-

graphical proofs, and (5) the general principles of the

distribution of plants and animals. To condense this

abundance of matter into 139 pages is a very difficult

task, and that it has been done on the whole so satis-

factorily says much for the judgment of the author.

In the following two p9.rts. Prof. Kirchhoff has set

himself the task of characterising the principal geo-

graphical divisions of the organic world, relying, of

course, on the researches of the recognised authorities in

phyto- and zoo-geography, but viewing them from the

more comprehensive standpoint of the geographer, as it

appeared to him " desirable for a more vivid compre-

hension of the nature of the countries of the globe."

The separation of the vegetable and the animal kingdom
into floras and faunas, their distribution in the present,

their harmony with the physical character of their re-

spective areas, and their mutual adaptation within each

area, are the result of a process of evolution in which the

shaping, selecting, separating and shifting forces have

been, for both kingdoms, the same to such an extent

that a far-reaching parallelism in their geographical

differentiation is to be expected a priori. This has been,

perhaps, too often lost sight of by specialists.

On the other hand, the modern geographer, from the

very fact that he starts with conditions bringing about

that parallelism, would be naturally led to a more uniform

conception of the differentiation of the organic world into

floras and faunas. The result of this has been, in Prof.

Kirchhoff's case, the almost complete congruence of the

B B
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two maps representing the " Florareiche " and the

"Faunareiche" respectively. Much might be said with

respect to the divisions adopted by the author, but space

forbids.

The book is abundantly illustrated, and most of the

illustrations are well selected and quite to the point ; but

exception might perhaps be taken to some of the pictures

in which the author attempts to represent as many types

as possible in one plate, with the usual consequence that

the ensemble looks unnatural and untrue. The map
showing the distribution of the European species of

Asplenium (p. 89) is not very illustrative and scarcely in

place ; whilst Kerner's maps dealing with Tubocytisus

(pp. 90, 91) require thorough revision, although they are

excellent so far as method is concerned.
Otto Staff.

FOUNDATIONS OF AGRICULTURE.
Agricultural Botany— Theoretical and Practical. By

John Percival, M.A.(Cantab.), F.L.S. Pp. xii + 798.

(London : Duckworth and Co., 1900.)

THE professor of botany at the South-Eastern Agri-

cultural College at Wye has done well to depart

from the utterly inefificient standard of text-books in

this subject hitherto set and followed in this country
;

and, although we do not think the best possible has yet

been produced, the present work is so distinctly an im-

provement, and so clearly sounds the right note, that we
have no hesitation in recommending it as the elementary

handbook for the agricultural student. What it lacks most

conspicuously is a clear enunciation of the principle

underlying the teaching of botany to students of agricul-

ture, and it will be just as necessary for the teacher using

this book, as it is for him who uses others, to emphasise

the point of view (lost sight of in nearly all our text,

.books) that the plant is a focussing centre in which are

concentrated the materials gathered by roots and leaves

and the solar energy fixed by the chlorophyll-action, so

that plant substance—be it in a cabbage, a potato,

a crop of wheat or an oak forest—represents a real gain

of energy from the surrounding universe, stored up with

an equally real recovery of material which would other-

wise have been lost to us because dissipated into the

atmosphere in an unavailable form. It is this which

makes farming, planting, forestry and other branches of

agriculture so fundamentally different from the mining

industries, where the coal, iron, &c., brought from

their storehouse in mother earth are merely temporary
sources of wealth representing expenditure of capital.

As regards features of technical detail, there are several

interesting departures from the repetitions of previous

text-books, and our chief regret is that these are not more
original in conception and treatment. For instance, the

section on recognition of trees and shrubs by means of

twigs in winter is a very welcome one, but it might
have been made far better. Again, the part dealing

with our common grasses could have been improved
by bolder departures from, and less reliance on, Con-
tinental and other authorities in common use, though
it should be pointed out that the author has, at any
rate, provided new drawings of the " seeds " of most of
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the grasses. This, however, not always with advantage
—e.g. the very bad figure (210) of Yorkshire fog. Nor do
we regard the summary of characters leading to the

recognition of grasses by their leaves as either adequate

or worthy of the scope of the book ; it might have been
made much better with a little attention to points not

included in ordinary pamphlets on the subject.

These are faults to be remedied in later editions, and
must not be allowed to outweigh the really excellent

portions of the book dealing with the various large groups

of cultivated farm-plants

—

e.g. Chapter xxv., dealing with

the hop, is well done, as are Chapters xxxiv.-xxxviii., deal-

ing with those very difficult subjects, the varieties of our

cereals. Indeed, we may commend the whole of this

part of the work which treats of the classification and
special botany offarm crops, with few reservations, such as

those hinted at above, as an admirable summary of what

the student should direct his attention to in this depart-

ment of his studies. The general botany is also fairly

well done ; and although we do not consider the section

on " Internal Morphology " quite happy either as regards

selection of subjects or treatment of details, we have

little but praise for the part dealing with physiology,

which is so markedly in advance of the stuff we are too

apt to meet with in existing agricultural text-books in this

country, that we prefer to dwell only on its merits. The
chapters on weeds and on diseases of farm-plants are also

distinctly better than those in any previous English works

dealing with agricultural botany, and we heartily con-

gratulate the author on his exhibition of capacity in the

role of a teacher of elementary students of agriculture.

At the same time, we would point out that much may be

done in future editions to improve this subject, and still

more in improving and extending the account of the

doings of bacteria in the soil. The agricultural

student ought to be made to realise that the

soil is a matrix, in which the rocks and salts,

water and other lifeless constituents, play little

more than the subordinate parts of a skeleton or

scaffolding, on and between which the real work of

conversions, transferences, destructions and constructions

of materials necessary for the life of higher plants are

being carried out by lower organisms of many different

kinds. A vivid picture of the struggles of root-hairs for

salts and' oxygen, of the relations between anaerobic

and aerobic organisms, of the dangers of attack from

parasites here, and of the missing of advantageous con-

nections with symbiotic helpmeets there, and of the

mutual interactions of the living and non-living factors

in keeping up the " fertility," moisture, heat, &c., of the

complex soil, would be a fitting subject for a chapter

designed to knit together the enormous number of facts

here thrown down before the unwary student, and among
which he is sure to stumble and flounder.

The ideal here sketched is not an easy one to attain,

and we are aware that facts are coming in every day, and

that our knowledge of the factors concerned is still in

its infancy. Nevertheless, it is no empty compliment

to the author to point out that there are indications

in the present book that he would be quite capable of

putting the crown to his really excellent attempt at

an elementary text-book for agricultural students,
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by adding a chapter whicli should drive home to this

somewhat apathetic class of learners that botany is

no longer to be looked upon by them as a luxury or

hobby, or as an interesting adjunct to the study of agri-

culture, but it must be regarded as the fundamental

science on which all agricultural operations must be

based ; and such a chapter should make it perfectly clear

that the neglect of the principles and facts it embraces is

going to spell ruin in the future, just as the intelligent

appreciation of its teachings is going to render the

properly trained and equipped planter, forester or farmer,

master of the situation his forefathers misunderstood.

OUR BOOK SHELF.
Sur^oeyittffand Explorittir in Siam. By James McCarthy,

F.R.G.S., Director-General of the Siamese Govern-
ment Surveys. Pp. xii -f 215, (London : John Murray,
1900.)

About the year 1880 the Siamese Government became
convinced of the necessity of accurate surveys for frontier

delimitation, and then it was that Mr. McCarthy com-
menced the long series of explorations which are

recorded in the present work, and which have won for

him the gold medal of the Royal Geographical Society.

To the student of Indo-China, Mr. McCarthy's book
is full of extremely valuable information regarding the

aboriginal and mountain races of the highlands of the

interior, with whom the nature of the author's work
brought him into constant contact. Mr. McCarthy has
a sympathetic eye for his fellow travellers, and a kindly

word for all but the most obstructive of the native

officials. From obstruction by this class, the officers of

the Siamese Survey have indeed suffered probably more
than any other European officials of the Government ;

inasmuch as the Survey was practically the pioneer

department of the modern regime, and it had to contend
against the whole of the forces of conservatism, super-

stition and suspicion which were at the outset arrayed
against all innovation of the kind. Against these, for

many years, Mr. McCarthy battled almost single-handed,

carrying out meantime slowly and laboriously the triangu-

lation of the frontier districts, and himself training his

own assistants. The physical difficulties of the country,

which can only be thoroughly appreciated by those who
have experienced them, and the inevitable sickness which
attacks all who spend the wet season in the jungle, further

delayed and hampered the work. Ihe author makes
light of the difficulties which had to be overcome, but
those who read between the lines will see how formidable
they were.

.\s may be supposed, the book is in no way popular
or sensational, and the author's dry, matter-of-fact style

does not lend itself to picturesque narrative. Yet politics on
the north-eastern frontier of Siam during the incursions of

the Haw bandits, in the 'eighties, were exciting enough.
If one desired to be critical, one might say that the book
is composed of short sentences and scrappy and incom-
plete descriptions. Yet these faults will be condoned by
all who take an interest in scientific geography for the

sake of the admirable scientific results of Mr. McCarthy's
work. And those who seek to know more of the mag-
nificent plateau of Teng, the highest peaks of Indo-
China, or the very interesting hill tribes, such as the

Ka, Lamet, Meo and Yao, and the Southern Shan races
generally, will find more accurate information in the

present work than in any other we are acquainted with.

An excellent index, triangulation charts, and a map
of Siam in two sheets, with a number of illustrations,

complete a work which forms an important addition to

the bibliography of Eastern Asia.
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Church Stretton. Vol. i. Geology, by E. S. Cobbold
;

Macro-Lepidoptera^ by F. B. Newnham ; Molluscs, by
Robert A. Buddicom. Edited by C. W. Campbell-
Hyslop. Pp. 196. (Shrewsbury : L. Wilding.)

This is an excellent piece of work, and reflects much
credit upon those who originated the idea of preparing
an account of the scientific features of the Church
Stretton district, and also upon the contributors, editor
and publisher of the present volume. Church Stretton is a
market-town about twelve miles south by west of Shrews-
bury, Shropshire, and has a population of about 20cmd. The
district is interesting from a geological point of view,
and Mr. Cobbold's notes (which occupy the greater part
of the book) will be valuable to geologists visiting it for

the first time, and will also give residents a new interest

in their rambles. Most of the fossiliferous localities and
the main rock exposures are mentioned or described, so
that any one interested in the geological and topo-
graphical characteristics can readily find them.

Mr. Newnham gives a descriptive catalogue of the
macro-lepidoptera found in the neighbourhood of Church
Stretton. The district is a fair field and good hunting-
ground for the entomologist, many insects being found
in it which do not occur in the lower-lying parts of
Shropshire. Future collectors will find the catalogue
exceptionally valuable, and will doubtless be able to

supplement it.

A list of the land and fresh-water molluscs, with notes
on the habits of each species and its comparative local

scarcity and abundance, is given by Mr. R. A. Buddi-
com. The total number of species of British land and
fresh-water molluscs is reckoned at 138 (not counting
slugs) of which 42 have been found in or near Stretton.

A plate containing illustrations of 37 species, natural

size, photographed from actual specimens, accompanies
Mr. Buddicom's paper.
Other monographs, on the botany, archicology,

climatology and ornithology of the district, are in prepara-
tion, and if they are of the character of this one they
will afford pleasure to every resident or visitor in Church
Stretton who has an interest in the study of outdoor
nature. The district is fortunate in possessing such a

useful guide to its natural characteristics.

Surveying with the Tacheometer. By N. Kennedy.
Pp. vi -f 104. (London: Crosby Lockwood and Son,

1900.)

This handy little volume is put forward in the hope of

bringing the tacheometer into more general use among
land surveyors, its present position in the background
being due chiefly, the author thinks, to the fact of the

Continental instruments having hitherto been provided
with circles divided with 100° to a right angle, instead of

90°, thus necessitating special reduction tables. The
publication of a universal method of reduction, no matter

what the division value, by Mr. G. Gilman removes the

greater part of these objections.

The tacheometer is first minutely described, excellent

illustrations being provided for reference, the only

essential difference from a good transit theodolite being

the insertion of a subsidiary lens between the objective

and eye-piece, which, by special adjustment, enables the

angular distance between two wires in the eye- piece to be

made equal to any desired quantity, decided by calibra-

tion on a previously measured base. Subsequent sections

deal with the variations introduced by working on inclined

ground, details of actual field and office work, concluding

with some suggestions on possible methods of utilising

existing transit theodolites for tacheometric work. Ex-
amples of entries in field-book, plans of surveys, &c., are

given at the end of the book. The work is very clearly

written, and should remove all difficulties in the way of

any surveyor desirous of making use of this useful and
rapid instrument.
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LETTERS TO THE EDITOR.

ilTAe Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intended for this or any otherpart of Nature.
No notice is taken of anonymous communications.^

Ascent of Sap.

Prof. Vines, in his interesting address to the Botanical

'Section of the British Association, has referred to the problem of

the ascent of sap.

We believe Prof. Vines is under a mistake when he states :

*' Now as to the force by which the transpiration-current is

•raised from the roots to the topmost leaf of a lofty tree. From
the point of view that the water travels in the substance of the

walls the necessary force need not be great, and would be amply
(provided by the transpiration of the leaves, inasmuch as the

weight of the water raised would be supported by the force of

imbibition of the walls. From the point of view that the water

travels in the lumina, the force required to raise and support such

vlong columns of water must be considerable." If we gather the

sense aright, this statement involves perpetual motion, as may
be seen by imagining both cell-walls and lumina filled with water.

According to Prof. Vines, water may be obtained from the cell-

walls in the higher parts of the plant with the exertion of a less

force than from the lumina. If now we establish a connection,

the lumina will draw from the cell- walls, and with a second

•connection below, an endless circulation will arise. The error

arises from supposing that water can be withdrawn from the cell-

walls and maintained in upward motion without opposition from

'the entire gravitational pull. Or, stating the matter in another

way, the force which is assumed to uphold the water will also

ract to resist its withdrawal from the walls. Indeed the with-

drawal of water from the cell-walls must be necessarily attended

by much higher frictional resistance than would obtain if the

supply were received from the lumina. The same objection

may, in our opinion, be urged against any exposition of the
•" imbibition " theory. The underlying fallacy is, in fact, essen-

tially the same as that on which the theory of capillarity and gas-

pressure is founded, and which Prof. Vines rejects as " quite

inadequate."
Prof. Vines, in further discussing the question, speaks of a

tensile force of 360 lbs. to the square inch as being required to bring

the sap to the summit of a tree 120 feet high, and states that, not

only is there no evidence for the existence of such a force, but

that it is even negatived by the indications of the experiments

of Hales and Boehm. Without discussing the validity of the

-supposition that such a force is anywhere required (beyond
stating, as our opinion, that the grounds upon which this estimate

•has been obtained are very doubtful), we would certainly like to

know to which of the experiments of Hales and Boehm Prof.

Vines refers. So far as we are aware, the indications of Hales'

and Boehm's experiments were of necessity limited by the

difficulty of putting the water (external to the branches

experimented upon) into a condition capable of bearing tension.

These investigators, however, did not clearly understand this

point. The experiments made by us in the same direction

certainly all failed from this cause. The most, then, that can

be admitted is that direct observation has never revealed the

full state of tension of the sap of a transpiring tree, although,

as in the case of some of Boehm's experiments, indications of

the existence of tension were conclusively obtained. This is a

very different thing from assuming that negative indications

•have been experimentally obtained. It is hard to see why Prof.

Vines should consider the existence of a transpiration force of

20 atmospheres as improbable. It has, indeed, been shown by
experiment that the turgescence of the cells of the leaves of

many trees is capable of exerting a tractional force of over 20
-atmospheres on the water in the conduits.

Prof. Vines dismisses the tension theory as offering no solution

to the problem. But how does the matter stand ? The more
important points may be stated in a very few words.

In the theory of the tensile sap we find full reason for the
subdivided structure of the water-conduits and for the structure

of their lignified cell-walls (especially as seen in the ingenious
mechanism of the bordered pit) ; stability is conferred on a liquid in

tension and liable to the evolution of gas-bubbles by the first, and
3. minimum of resistance with safety against rupture is secured
to the wall by the second. To raise the water through this system
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the turgescence of the leaf-cells is fully adequate, even were the
tension greater than what Prof. Vines demands. Again, in the
light of this theory, the advantage of the periodic recurrence of
root pressure becomes apparent, as a safeguard against the multi-

plication of functionless lumina destroying the continuity of the
system. On the other hand, those who have discussed this

theory have as yet brought to light no fact in vegetable physiology
or anatomy opposed to its validity ; while many points, e.g.

the collapse of protoxylem elements, and the occurrence of year-
rings, have received in it an explanation.

From the physical point of view, the theory is not only
adequate to meet all the requirements of the plant, but the
existence of tension in a system of minute chambers having
walls at once permeable to water and impermeable to free gas,

whether altogether or partially filled with dust-free water, is

inevitable. The onus of proof does not here lie with the up-
holders of the tension theory merely because it has come late

upon the scene, but its opponents must show how the tensile

state is evaded before they can dismiss the existence of the
tensile stress in the sap at such times as root-pressure is not the
uplifting force.

If, then, the sap is in tension from the nature of the conditions
and the leaves active in withdrawing water from above, why deny
the adequacy of the explanation ?

With regard to the date of publication of our theory. Prof.

Vines is slightly in error. Our paper was communicated to the

Royal Society in Nov. 1894, and an abstract of it appeared in

Nature in the same month. Henry H. Dixon.
Trinity College, Dublin. J. Joly.

Homochronous Heredity and the Acquisition of
Language.

The question raised by Mr. Stuart-Menteath in Nature of
September 27 (page 524) is one of such general interest to all

students of heredity that it is to be hoped that some authorita-

tive expression of opinion will be forthcoming. Even in its

present form the query ; involves the subject of the heredity of

acquired characters, and it would be of the greatest importance
to have experimental systematic observations carried out if such
observations have not already been recorded. So far as my very
limited acquaintance with the subject extends, I know of no
such experiments. It would be desirable perhaps to widen the

scope of the question, and to put it in this form : Take children

of different nationalities, say German, French and English

;

allow them from infancy to hear all three languages indiscrimi-

nately. Is there any reason for believing that each child would
show a predilection or greater facility for acquiring the language
of its country ? R. Meldola.

October 8.

Autotomic Curves.

British mathematicians have usually employed the phrase
" non-singular curve " to designate a curve which has no double
points. This phrase is an exceedingly infelicitous and mislead-

ing one, since a point of inflexion is just as much a singularity ~

as a double point.

The word autotomic (self-cutting) has occurred to me as a

suitable one to designate a curve which has double points ; but

the objection to this word is that the phrase " an anautotomic
curve " is somewhat offensive to the ear. In the case of media
which are not isotropic, mathematicians have evaded a similar

difficulty, which would be caused by the use of the word
anisotropic, by employing the term aeolotropic.

Perhaps some of your readers, who have kept up their
.

classics, may be able to suggest a suitable word to convey the ,•

idea of a " not-self-intersecting-curve." A. B. Basset.
Fledborough Hall, Holyport, October 5.

THE OPENING OF THE MEDICAL SCHOOLS.

THE subject-matter of the studies comprising the

medical curriculum lends itself exceptionally well

to the delivering of inaugural addresses. Kvery October
produces its crop of young men and women beginning
the study of medicine, and to these are addressed with

never-failing regularity an almost constant number of

introductory lectures. To those who watch from a dis-

tance the perhaps somewhat monotonous rhythm of

J
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medical academics, it would appear at least probable that

these opening addresses, actuated, as they certainly are,

by a perpetually similar motive, would be in imminent
danger of suffering from a monotony almost approaching
boredom. Medicine, however, and its allied sciences are
never at rest, and the constant change in them from year to

year forms an almost inexhaustible subject-matter at once
interesting to the initiated, and stimulating to the novice.

The latter learns, as a rule even in his first lecture, that

in embracing medicine as his profession he has not to

tread a rigid scholastic entity, but to pick a somewhat
circuitous way over a plastic science, which is capable and
willing to receive the intellectual footprints of all who are
strong enough to impress them.
The third Huxley lecture was delivered this year by

Lord Lister, and the authorities of Charing Cross Hos-
pital are to congratulated upon having heard one of the
most interesting discourses which it will probably ever
be their lot to listen to. Although none of us can for any
length of time forget the scientific work for which Lord
Lister is celebrated, perhaps few of us are cognisant of
his early researches, which, indeed, although perhaps to

the superficial observer remote from his later work,
according to him—and what better authority can we want
— led up to it. All those who have the opportunity of read-
ing this address in exienso should do so ; it forms another
of the many instances of how work of a more or less

erudite character led up to results most emphatically
utilitarian. This should be remembered and taken to

heart by those in authority who are apt to look askance
at work, whatever it may cost in the way of perse-
verance or intellectual effort, which is not immediately
productive of utilitarian result.

At the relatively new School of Tropical Medicine, Sir

W. MacGregor delivered an inaugural address, taking
for his subject some problems of tropical medicine. An
interesting point in his discourse was the importance
he attached to the study of dysentery. According to

him, epidemic dysentery is a scourge of tremendous
magnitude, carrying off in some cases 50 to 75 per
cent, of the labourers upon certain plantations in Poly-
nesia. His concluding remarks were directed to malaria,
and he emphasised in this connection the importance
of investigating certain equine maladies on the West
Coast of Africa, apparently of a malarial type.

At University College an inaugural lecture was
delivered by Dr. Vivian Poore upon science and prac-
tice. The lecturer addressed himself mainly to those
students who were actually beginning the study of
medicine as distinct from the so-called elementary
medical sciences. He warned his hearers against
adopting the view that all that could not be submitted
to laboratory methods was ipso facto not scientific, and
in this connection drew attention to certain discoveries
made by physicians by mere observation, which were
from the highest standpoint scientific. Many facts,

although explained by bacteriological research, had
been discovered by physicians by methods which were
purely clinical. Dr. Poore finally pointed out the ad-
vantages that should accrue to the students at University
College Hospital from the reconstruction it was under-
going, and also how the reconstitution of the University
of London might be expected to affect the medical
lectureships in the metropolis.

King's College Hospital began the medical session by
an old students' dinner, at which Sir John Cockburn
presided. The speeches which ensued, although limited,
were mainly directed to two subjects, the share which
has been taken by the staff in the surgical work in South
Africa, and the manner in which the school had been
improved during the past year by the establishment of
largely increased laboratory accommodation and new
lectureships, special reference being made to the subject
of pharmacology.
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At the inaugural dinner at Guy's considerable interest
was attached to Mr. Fripp's speech, which dealt with the-

work done by the Imperial Yeomanry Hospital in South'
Africa. This hospital had broken a deal of new ground,,
and many in a position to judge of the organisation and
management of hospitals had expressed the hope that
from the demonstration which it had been enabled to
give of the way that modern scientific methods could be
introduced into the service of the sick and wounded in

the time of war, reorganisation of military hospitals upon
the lines of the large civil institutions might be effected.

The medical session at St. Thomas's was opened by
Sir William MacCormac. In the course of his remarks
Sir William pointed out that the present time was a
favourable one for entering the medical profession, as-

London was about to have a great university in reality,

and not one in name only, and also that the supply of
medical men was not keeping pace with the increase in

the population, as shown by the list of medical students
entered on the rolls of the General Medical Council.
At St. Mary's Hospital the introductory lecture was

delivered by Mr. Stansfield Collier upon the future of
the medical student. At the London School of Medi-
cine for Women Mr. Aldrich Blake addressed the
students. The subject-matter of both these lectures con-
sisted mainly of advice to the student with regard to the
mental habits he should cultivate in approaching his
work. An interesting lecture was delivered at the Royal
Veterinary College by Prof. MacFadyean. According to
the lecturer, the century approaching its conclusion em-
braces practically the whole history of the veterinary
profession in Great Britain. One hundred years ago
the Royal Veterinary College was only in the tenth year
of its existence, and since then great changes had come
over veterinary opinions and practice. With regard to
the progress that had been made concerning the causes
of disease, glanders and tuberculosis were taken as types.

As recently as twenty years ago the opinion that tuber-

culosis was an extremely hereditary disease was universal

among veterinary surgeons, and it was only within the
last decade that the erroneousness of this view had been
generally recognised. Discoveries which threw light on
the cause and nature of maladies necessarily influenced
methods of treatment and prevention, and the past cen-
tury had witnessed great changes in the means adopted
to counteract disease. As an instance of this, the almost
complete extent to which bleeding has become obsolete
may be given. Firing and blistering, although still ex-

tensively used, were employed now with more discrimi-

nation than formerly, and it seemed upon insufficient

evidence.

The inaugural address in the medical faculty of the

University of Birmingham was delivered by Prof. Windle,
who chose for his theme the very appropriate one of

the needs, aspirations and ideals of the Birmingham'
Medical School. Those who have carefully followed the

stages in the development of the great Midland Uni-^

versity will not have failed to observe that the mairt

spirit which actuated it when it was, so to speak, on.

paper, and will continue to guide and distinguish it when
architects' plans have been replaced by well-equipped

laboratories, is the spirit of scientific research. It will

be a great centre for teaching students how to prosecute
research in all branches of technical industry. The
generous manner in which land has been given by Lord
Calthorpe and funds have been supplied by the wealthy

citizens of Birmingham has secured opportunities for

this purpose, which, when the whole is complete, will

probably be unrivalled. Such opportunities are certain

to attract students, and especially medical students. It

is to be hoped that what is being done at Birmingham
will stimulate the formation and endowment of labora-

tories at the London schools, which, if they wish to.

attract the mass of students they have done in the past,.



574 NA TURE [October ii, 1900

will be compelled to offer them advantages at any rate

not inferior to those that they can find much nearer

home.
The students of the Middlesex Hospital were addressed

by Prof. Clifford AUbutt upon abstractions and facts in

medicine. His concluding remarks with regard to the

value of research laboratories are significant, the lecturer

confessing that mere observation of disease and morbid

anatomy have taken us almost as far as these means
can do. Morbid processes should be tracked in their

earliest dynamic initiation in order that they can be

arrested in these stages. The clinical laboratory of a

county hospital should be the centre of enlightenment to

all the private practitioners of the district.

The space at our command has only permitted us to

reproduce a relatively small fraction of the many interest-

ing and instructive addresses that were delivered during

the course of last week. It is sincerely to be hoped
that teachers and students alike have profited by them,

and that their united efforts will result in the addition to

the profession of a body of workers who will be in the

truest sense medical imperialists, and who, while work-
ing to the fullest advantage the store of learning they

have inherited, will not rest content with it, but extend
in all directions the empire of medical knowledge, even
up to the threshold of the temple of truth.

F. W. TUNNICLIFFE.

A NIGHT WITH THE GREAT PARIS
TELESCOPE.

SINCE the final decision was made some years ago to

commemorate the Paris Exhibition of 1900 by the
installation of a giant telescope which should surpass in

size and power any other then in existence, so many
varied and contradictory statements have been quoted in

the Press, and even in many scientific journals, that a
considerable amount of scepticism has been inherent in

the minds of most persons interested in the matter. Much
of the inaccuracy is traceable to a rather loose estimate
being given of the magnification which it was hoped to

employ, it bei ng stated that the moon would be appar-
ently brought so close that any object of i square metre
area could be distinguished. By the extreme kindness and
courtesy of M. Francois Deloncle, to whose initiative the
entire instrument is due, the writer was enabled, not only
to thoroughly examine all parts of it during the day, but
also to take part in the practical astronomical use to

which it is already being put during every clear night. A
general view of the siderostat is shown in Fig. i, and the
inclusion of the attendant's figure m the upper balcony
will give some idea of its relative size. The masonry
foundation is about 5 feet 6 inches high, the extreme
height of the curved casting carrying the mechanism at

the back being about 34 feet. The circular glass mirror
seen between the upright fork in front is 6"5 feet (2

metres) in diameter, and about i r8 inches (30 centimetres)
thick, being silvered on the upper exposed side. When
not in use a large glass plate is lowered over the
silvered surface by a windlass worked from the gallery.

As the glass mirror weighs some 3600 kilogrammes, and
the iron cell and forked support about 3100 kilogrammes,
the friction on the pivot allowing rotation would have
been too great for accurate driving if some provision had
not been made for eliminating it. This has been success-
fully done by immersing the base of the fork casting in

a bath of mercury, contained in the circular part of the
front half of the main base plate, thereby relieving the
pivots of about 9/ioths of the total weight. The rotation
of the mirror in a vertical plane is also facilitated by the
counterpoise weights shown at the ends of the, levers
acting on each extremity of the horizontal axis passing
through the centre of the mirror.
At the western side of the siderostat, above the

handles moving the instrument in right ascension and
declination, are two telescopes, which by a system of
lenses and mirrors enable the observer to read the
divisions on two graduated circles without leaving his
position. By his side there is also a standard sidereal
clock and a telephone.

Fig. 1.—The great siJ

Leaving now the siderostat, and mounting the staircase ;i

seen behind it, access is gained to the upper balcony ^

which runs round both sides of the whole length of the
|

building. Fig. 2 is a view taken from the eye-end of the :

telescope, 200 feet away to the south, and the siderostat
'
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id of the refractor, Paris, igoo.

can just be seen under the arch at the north end. Above, '*

on the gallery, the circular object-glass is clearly shown |i

in its case. Two of these lenses are to be provided, one *j

specially corrected for visual work, the other for photo- \

graphic purposes. The lens completed and in position?

is the latter. The carriages for holding these lenses in
^
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their massive cells are enclosed in the large rectangular

glass case shown in the figure, and being mounted
on rails, it is a matter of but a few moments to inter-

change the position of the lenses with respect to the long
tube seen extending from end to end of the gallery. This
enormous (and, from an astronomical point of view,

probably superfluous) tube is composed of twenty-four

sections of sheet steel, each about 8 feet 3 inches (2"5o

metres) long, and 59 inches (I'So metres) in diameter,

which are supported on six braced columns rising from
the floor below.

At the near end of the tube is shown the massive tail-

piece, with the various arrangements for focussing,

clamping and rotation of the photographic plate. The
focussing is done by traversing the whole of the tail-

piece on the two short rails, a motion of about 5 feet

(r5o metres) being allowed, as it is unlikely that the

focal lengths of the two lenses will turn out identical.

The lens in position, corrected for the photographic
rays, is 49'2 inches (r25 metres) aperture, and 187 feet

(57 metres) focal length. The diameter of the image of

the sun or moon at the principal focus will therefore be
about 21 inches in diameter.

Rotation of the photographic plate, about 30 inches

square, during exposure is necessary on account of the fact

that when a siderostat is used, only the central point of the

field of view remains stationary, all the surrounding parts

having a motion round this as centre. To eliminate this

M. Gautier has provided a subsidiary clock, placed to

the rear of the eye-end, which, by means of connecting
gear to the milled wheel seen on the circumference of

the end of the tube, turns the whole tail-piece of the

telescope at any desired rate. For visual observations

the plate-holder is removed, and an adapter carrying an
eye-piece is inserted. The whole of this eye-end section

is now covered in by a temporary dark-room.
To admit the light from celestial objects to the mirror

of the siderostat, the roof and walls of the building for

some 70 or 80 feet are made in two sections, one of which
slides to the north, the other to the south, allowing of a
clear view from the zenith southwards to within some
few degrees of the horizon. This done (requiring some
six or eight attendants to work the pulley blocks), all the

subsequent movements and adjustments are easily made
by two observers. One is stationed at the base of

the siderostat, with the handles for working the instru-

ment, telescopes for reading the circles, sidereal clock

and telephone all within his reach. Whatever object is

selected from the previously prepared working list for

the evening, the declination handle is turned until the

scale reading seen through the telescope gives the correct

declination of the object. Then the hour-angle, or differ-

ence between the sidereal time indicated by the clock
and the right ascension of the star, is set by means of
another handle and the second small telescope. This
done, the required object will be near the centre of the

field of the large telescope, and the clock being set

running to keep it there, the astronomer takes his place
at the eye-end to bring it exactly to the centre of the
eye-piece. He also has a telephone by his side, and for

a space of some two or three minutes there is a con-
tinual rross-fire of such terms as " Declinaison," " As-
cension droit," " Doucement," " Au sens contraire," with
various endearing terms of admonition in cases of over-

doing the movements. Considering, however, the com-
paratively high power (5CX)) which is the lowest used, it is

astonishing how quickly an object is obtained after the

setting of the circles. This in itself furnishes an incon-

testable proof of the extremely accurate adjustment of
the siderostat and telescope, both as regards the angle
of its polar axis and its position in the meridian. The
object being found, all lights are extinguished and a
drawing or photograph made as carefully as possible.

On the evenmg it was my privilege to be present, our
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first object was the Ring Nebula in Lyra (Messier 57).
The astronomer in charge was M. Eugene Antoniadi,
of the Juvisy Observatory, near Paris, who has started a
systematic study of nebultC with the telescope. This
view of the nebula surpassed anything seen before,

although frequent observations of it have been made by
the writer with a telescope of 36 inches aperture. The
great increase of light given by the great glass made
it possible to use a highly magnified image, which was
at the same time bright enough for the eye to detect
detail without any strain.

We next turned to the coloured double star /3 Cygni,
after that a Lyras (Vega), the companion of which was a
very conspicuous object. During all this time the in-

strument was being used in a building containing several

hundred people, electric lights all over heating the air,

and the huge searchlights and illuminations from the
surrounding buildings causing considerable atmospheric
glare—conditions under which none but first-class ap-

paratus would be workable. However, owing probably
in a great measure to the large proportion of the roof
which is opened, the star images were not inconveniently
unsteady.
M. Deloncle appears indefatigable in doing his utmost

to entertain any one having special interest in his proi^g^.

Parties of guests are often there to listen to a short

address from him on its construction and installation,

after which they go to the eye-piece, and in turn see
whatever may be on view. This goes on till after mid-
night, and then, the last visitor away, all lights are turned
out, the lens case opened to permit of air circulation, and
about half an hour or more allowed to elapse for the
general temperature to be equalised throughout the various
parts. We turned next to an object which M. Antoniadi
had not previously observed (a small planetary nebula in

Sagitta), found it quite easily by the circles and slight

subsequent sweeping, and then occupied about an hour
and a half in careful drawing. This nebula is G.C. 4572,
and M. Antoniadi's drawing appears in \\\t. Bulletin de la

Soci^te Astronomique de France, September 1900.

In sweeping from one object to another, thousands of

stars cross the field ofview, and it was specially noticeable

that no distortion of the star images was to be detected
as the mirror was moved to diff"erent angles of incidence.

With such a high power this is in itself a severe test of
the planeness of the silvered surface, and it is worth
drawing attention to the fact that the figuring of this

mirror by M. Gautier has been done entirely by
mechanical means, controlled at every step by the most
delicate optical tests.

In connection with the actual work of observing,

nothing is so important as accurate clock driving, in order
that the astronomer may not be troubled by constantly

having to bring the object into the centre of the field.

How efficient this instrument is in this respect will be
understood when it is stated that during the period for

which the clock runs at one winding, about forty-five

minutes, the star images do not move sufficiently in the
field of a power of 500 to necessitate any adjustment.

The angular diameter of the field of view is about 3'

of arc.

By the time M. Antoniadi had finished his drawing
of this planetary nebula it was about 3.0 a.m., and
approaching daylight. The mirror cover was lowered
into its place, the two sliding sections of the roof pulled

together over the mirror, and the clock stopped. In a
few minutes M. Antoniadi and myself were the only occu-

pants of the gallery, and the institution being already in

such regular use that a couple of beds are provided for

observers staying all night, we decided that, as it was so

terribly hot indoors, we would take up our beds and camp
out in the courtyard. We did this, and sleep being some-
what out of the question, spent some time gazing upward
in the hope of seeing some forerunners of the August
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Perseids, with the usual result of latter-day meteor watch-

ing—we saw none. However, it was a novel and
exceedingly pleasant experience to be there lying under

the stars, the greatest telescope on earth immediately to

one's side, the highest buildmg in the world towering

over our heads.

It is to be hoped that after the Exhibition is over

the telescope will find a resting-place under the Home
Government at some station out of the city, where the

purity of the atmosphere will allow of its power being

efficiently used. C. P. Butlp:r.

TOBACCO.
'IXT'HEN Columbus landed in 1492 in the West Indies
* * he found the natives smoking a herb wrapped in a

maize leaf, and the name of the herb was Tobago. In

1560 Jean Nicot distributed plants raised from seed to

various parts of Europe. These two events give us the

clue to the popular and scientific names of a drug the

•cultivation and preparation of which have now attained

such enormous importance that Governments are sup-

ported by the revenue derived from its taxation, and
•colossal fortunes are made by its sale. Some idea of the

scale on which the industry is carried on may be
gathered from the statistics recently published in the
" Year-book of the United States Department of Agri-
culture for 1899," where we read that during that year

266,661,752 pounds of tobacco, 4,542,016,570 cigars and
4,590,388,430 cigarettes were prepared in the United
States alone, yielding a revenue to the Government of
52,o43,859"o5 dollars.

Small wonder then that the cultivators of so valuable
<i plant have shown great interest in all the processes of
raising, planting, manuring and gathering the crop, and
of drying, curing and preparing it for market ; or that

consternation has arisen in their midst at the origin and
spread of a disease which attacks the golden leaf, and
bids fair to ruin the crop in some districts. It happens,
moreover, that biological problems of wide significance

a.re arising in connection with the complex art of fer-

menting the leaf so as to obtain the best flavour and
strength, as well as in regard to the " Mosaic disease

"

above referred to, and the experience of Dutch growers,
of which an excellent account is now to hand in Koning's
" Der Tabak, Studien ueber seine Kultur und Biologie "

(Amsterdam and Leipzig : W. Engelmann, 1900), shows
that the employment of scientifically trained botanists in

the technical laboratories of tobacco plantations is likely

to be as usual an event in the future as in breweries
and bacteriological laboratories.

The tobacco plant is exceedingly small in the seedling
stage—eighteen thimblefuls of seed suffice for a hectare,
i.e. two and a half acres of land—and is very carefully

raised in pots and manured with pigeon's dung, planted
out and weeded with extraordinary precautions against
numerous enemies, and the leaves eventually picked by
hand, sorted, tied into bundles and hung to dry. It is

a very exhausting crop, and requires much potash ; and
an astonishing amount of information has accumulated
concerning the effects of different soils, manures, climate
and other factors of the environment on the properties
of the leaves. Moreover, there are numerous cultivated
races in existence in the various tobacco-growing countries,
as always occurs with planted crops.

During the process of slow drying the leaf may remain
alive for two to three weeks, and the contained starch
is converted into sugar, and further alterations result in

an increase of acids. Proteids diminish and amines
increase, but the nitrates and alkaloids (nicotin) should
4andergo no change. The slow alterations referred to

are essential, and due to enzyme and other actions in

•the still living leaf ; in artificially or rapidly dried leaves
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the arrest of such changes materially affect the flavour

and burning of the tobacco, and naturally much turns
on the age and quality of the leaf itself, the soil and
season and other conditions of growth, &c.
The dried or " cured " leaves are next submitted to

fermentation, a process of vital importance in the opinion
of the tobacco expert, since it is this which determines
the finer flavours and odours of the manufactured pro-

duct. Fermentation is started by damping heaps of
15,000 to 30,000 lbs. of the dried leaves, packed in a
special manner, and carefully watched by experienced
workmen as the temperature rises. The process occu-
pies three to four months, and the leaves are turned
about once a month. The temperature rises to about
50-56" C, and a loss of vapour, accompanied by a sweet
and sharp odour, is noticed. The reaction may be
neutral, though in some cases ammonia is given off, due
to the action of undesired bacteria.

As would be expected, the fermentation is always
accompanied by bacteria ; but it has long been in dis-

pute whether the essentials of the process are due to

bacteria or to the action of special enzymes in the cells

of the leaves.

Suchsland's researches had convinced him, not only
that the fermentation is due to bacteria, but that a peculiar

species of bacteria was specially concerned in the pro-

duction of the approved flavour, and that the desirable

properties of Cuban tobaccos could be imparted to

inferior growths by introducing this species into the fer-

mentation. Loew, on the other hand, maintained that

the aroma and flavour depend simply on the action of
enzymes or other cell-contents in the leaf itself

Koning has investigated the various bacteria found in

the fermenting heaps, and followed the changes induced
in the tobacco.

Put generally, the fermented tobacco undergoes little

or no change as regards the total nitrogen or the nicotin,

but organic acids diminish, and the sugars and nitrates

are destroyed, and various aromatic substances are

formed which affect the quality of the product.

Among the bacteria isolated Koning claims to have
found the species concerned in this remarkable neutral

fermentation, and which imparts the aroma and flavour

desired, and thus confirms Suchsland's results. He states

that tobacco infected with the specific bacteria, fer-

mented and made up, and then handed to experts, was
selected by the latter as the superior from specimens
containing other kinds. There is more than a touch of

the dramatic in this scene of the experts sitting down to

smoke a pair of cigars each, in packets of two, and labelled

a and ^, c and </, &c., only ; but the evidence appears

conclusive.

During the last ten years increased attention has been
drawn to a disease of tobacco leaves, which causes

irregularly alternating light and dark patches, and is

known as the " Mosaic disease." Koning has established

that this is infectious, and is carried through the fields

by the fingers of the workmen who "top" the growing
plants by pinching off the buds. He has examined the

various fungi known to cause leaf-diseases in tobacco,

and cannot refer it to these, and the presumption that it

is a bacterial disease was strengthened by finding that

certain manured soils were almost sure to have badly

diseased plants on them ; and that experiments showed
that if a bit of diseased leaf, or a little of the sap from

such is rubbed into a wound, the young leaves formed

above the wound contract the disease. The same result

follows if such sap is placed at the roots of healthy

plants. But infection fails in all these cases if the sap

is previously boiled.

Here may be mentioned that Adolf Mayer had proved

the infectious nature of the filtered sap in 1885, and
Beijerinck, working at this disease a short time ago

(1898), had come to the conclusion that since no
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organisms could be isolated from the sap—the infectious

nature of which he also proved—which will reproduce the

disease, and since the same s^:^ filtered through porcelain

still infects the plants, unless it was previously sterilised

by heating, the causal agent must be a contagtum
7>ivutn fluidum—a something of the nature of a poi-

sonous enzyme, which not only diffuses through the

plant-membranes

—

e.g. the cell-walls of root-hairs—but
increases as it passes from cell to cell.

Koning confirms Beijerinck's principal results, but con-

cludes that since the infecting fluid may be heated to

100° C. for a few minutes without losing its powers,
whereas alcohol and glycerine destroy the virulence, as

also does repeated filtration through porcelain, the active

agent is an extremely minute organism., which can
traverse the pores of a filter. He compares the results

with those obtained with the virus of various animal
diseases from which no organism has as yet been
isolated.

It should be borne in mind that the existence of

organisms small enough to pass through a porcelain

filter has been accepted by several authorities.

When we reflect that well-studied micrococci are

only o'5 -o'8 /* in diameter, and that the wave-length of

those light rays corresponding to the sodium-line D is

about 0-6 fi, some of these matters become less astounding :

organisms i/5th to i/ loth this size would probably be well

beyond the powers of our best lenses, and would roll

through the pores of a filter as shot through the meshes
of a sieve.

It thus appears that—without regarding the work
as quite conclusive, which it is not—we have here

important contributions to several most weighty biological

questions centred about the culture of an economic
plant.

NOTES.
The International Congress of Botany was opened in Paris on

the 1st inst., and was in session until Tuesday last. M. Prillieux

was the president.;

The new science laboratories at King's College, London, are

to be opened on the 30th inst. by Lord Lister.

Another death from plague has occurred in Glasgow,

bringing the number of fatal cases in hospital since the out-

break up to six. A fatal case of plague is also reported from

Llandatf.

A Reuter telegram announces the arrival at Copenhagen, on

October 4, of Lieut. Amdrup and all the members of his

expedition. From July 18 to September 2 the expedition,

while engaged on the coast of Greenland, explored and mapped
out a stretch of land hitherto entirely unknown and

extending from Cape Dalton, 69°28', to Aggas Island, 67^22'.

Lieut. Amdrup is reported to have brought with him important

collections, the results of his researches. The Antarctic reached

Tasiusak on September II, and sailed thence on her return

journey on September 18.

The Athenaeum states that the Kolthoff Arctic Expedition

has succeeded in bringing to Sweden a male and a female calf of

the musk ox {Ovibos moschatus, Gmelin). As soon as the

animals appear to be acclimatised they are to be set free in the

northern mountain regions, where it is thought they will speedily

increase in number, as they are very prolific. Herr Kolthoff has

great faith in the future importance of the musk ox, not so much
as an article of food as on account of its thick brown wool, which

is said to be remarkably strong.
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The petrified remains of the extinct rhamphorhynchus have

been discovered in the stone quarries of Eichstiitt, Bavaria. It

is stated that the teeth and fingers are very distinct, and that the

membrane between the fingers is visible in places.

According to the Exchange Gazette of St. Petersburg, the

question of the official introduction of the metric system of

weights and measures into Russia has been decided in principle

in an affirmative sense. The Ministry of Finance is now con-

sidering in what manner, and when, the projected reform shall be

carried out.

The trustees of the American Medical Association have estab-

lished a fund of 500 dollars, to be expended annually for the

encouragement of scientific research ; but no individual is to

receive more than 100 dollars at one time.

The lecture arrangements of the London Institution for the

session terminating on February 28 next have now been com-

pleted. The science lectures are as follows :
— '* The Rise of

Egyptian Civilisation," by Prof. Flinders Petrie ;
" The Earth's

Beginning," by Sir Robert Ball ; "The Earth's Earliest In-

habitants," by Prof. Grenville Cole ;
" The Caves of Jenolan,"

by Mr. F. Lambert ;
" The Tercentenary of the Science of

Electricity," by Prof. Silvanus Thompson ; *' The Evolution of

the Brain," by Dr. Alex. Hill ;
" Modern Aeronautics," by

Mr. Eric S. Bruce ; "The First Ascent of Mount Kenya," by

Mr. H. J. MacKinder ; The Effect of Alcohol on the Nervous

System," by Prof. Victor Horsley ;
" The Decorative Art of

Primitive Peoples," by Prof. A. C. Haddon ; and " Aquatic

Autocrats and Fairies," by Mr. F. Enock. The Christmas

course, intended for juveniles, is to be delivered by Prof.

W. B. Bottomley, and will be devoted to " Structure and

Colour," " Insect Visitors," " Unbidden Guests," and " Place

in Nature."

The next meeting of the Royal Microscopical Society will

be held on Wednesday, the 17th inst., when Part ix. of a report

on the recent Foraminifera of the Malay Archipelago will be

presented. Preceding the meeting there will be an exhibition of

slides and models of skin structure, by Mr. F. W. Watson

Baker.

The first monthly general meeting of the new session of the

Institution of Mechanical Engineers will take place on Friday,

October 19, when a paper, entitled "Observations on an

Improved Glass Revealer for Studying Condensation in Steam

Engine Cylinders and rendering the Effects Visible," will be

read by Mr. Bryan Donkin, and discussed,

A new monthly meteorological journal has recently made its

appearance in Holland, and bears the name of Nederlandsch

Tijdschrijt voor Meteorologie. The style of the journal is

popular in character.

The current GeographicalJournal publishes further details as

to the programme of Dr. Sven Hedin's journeys in Northern

Tibet and neighbouring regions for the present year. At the

time of sending his last letter, on June 27 last, the explorer was

about to start for the Chamen Tagh, whither his caravan had

already preceded him, his intention being to cross the Astyn Tagh

and Koto-Shili ranges, so as to obtain a geological section of the

country, and correct his route with that of his former Tibetan

journey. After returning to his headquarters in the Chamen

Tagh, he hoped to make his way across Northern Tsaidam to

Sachu, and thence west to the old bed of Lob Nor, continuing

his investigations of the latter end of the ruins in its vicinity.

Thence he proposed to carry a chain of altimetric observations

to Kara-koshun and Chaklik. He hoped to arrive at the last

named point by about January 1, 1901.
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A SLIGHT earthquake disturbance in Bombay, on Monday,

September 17, is noted in the Pioneer Mail, Allahabad. Only

one of the instruments at the Colaba Observatory recorded it.

The disturbance began at about 3h. 48m. a.m., Bombay time,

and reached its maximum at about 3h. S4m. The larger move-

ments ceased at 4h, 2m., and the after-tremors at 4h. i6m. Thus

the whole disturbance lasted fully 28 minutes. It was not a

distant earthquake, nor was the movement large. The apparent

distance of the origin from Bombay may have been about 500

miles. The same journal also records the occurrence, on

September 10, of a slight earthquake shock in Madras.

The New York correspondent of the Lancet states that the

Chicago Board of Education has established a department

called "Child-study and Pedagogic Investigation." The
examination is undertaken for the purpose of determining the

mental and physical status of the school-children. Examina-

tions were at first limited to the determination in each pupil of

the following points : Height, height sitting, weight, ergograph

work, strength of grip right and left, hearing right and left, and

acuity of vision. In addition to this, obvious developmental

defects have been noted. The number of children examined

down to the present time is 5636. The conclusions thus far

reached are that there is a physical basis of precocity, that dull

children are lighter and precocious children heavier than the

average child, and that mediocrity of mind is associated with

mediocrity of physique. A similar result was obtained in the

examination of 33,500 school-children in St. Louis in 1892 by
Dr. W. T. Porter. This is the first instance of a municipal

board in America appropriating money for research work, and
its effect may be far-reaching.

The German Consul in Payta-Piara (Peru) reports the dis-

covery of large rubber forests on the Niera River, a branch of

the Amazon. An expedition has been organised to start for the

interior to secure the right to collect the rubber. The increasing

demand for rubber has drawn attention to the advantages of

cultivating gutta—a leading product of Java and several of the

neighbouring islands. A recent number of the Straits Budget
points out that gutta trees growing wild cannot meet the grow-
ing demand which must soon outrun the supply unless gutta

plantations extensive enough to meet future needs are laid out.

Gutta leaves have been freely resorted to in order to eke out the

supply. A company has recently been formed at Batavia to

develop this branch of industry.

A LENGTHY account (based on the preliminary report

presented to the R. Accademia dei Lincei) of Prof. Grassi's

malaria experiment appears in the last number of the British

MedicalJournal, from which we glean the following particulars.

In making the experiment, which took place in the plain of

Capaccio, near Salerno, two objects were kept in view, viz.,

(l) To afford an absolute proof of the fact that malaria is

transmitted exclusively by the bite of Anopheles mosquitoes
; (2)

to found on the results of recent research a code of rules to be
adopted for freeing Italy from malaria in a few years. The
experiment consisted in protecting from malaria railway

employes and their families living in ten railway cottages and
at the stations of S. Nicolo, Varco and Albanella, situated

along the Battipaglia-Reggio Railway. They numbered 104

persons, including thirty-three children under ten years of age,

Of these 104 individuals, at least eleven, including four children,

had never suffered from the disease, not having previously lived

in a malarious district ; a certain number, it appeared, had not

suffered from it for two or three years, and all the others,

that is to say, the large majority, had suffered from it during the

last malarial season, some of them even in the winter. During
the malarial season, the health of the protected individuals was
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good, with the exception of a few cases of bronchitis and a case

of acute gastro-enteritis. None of these cases were treated with

quinine. The 104 persons, with three exceptions, had remained

free from malaria up to September 1 6th, the date of the report.

From the report it is evident that the twofold object of the

experiment has met with every success, and it certainly looks as

if it will be possible to free Italy in a short time from malaria,

and that the much dreaded plain of Capaccio (excepting for the

Anopheles infected by malaria germs, from which one can easily

protect himself) is one of the healthiest places in Italy.

The current issue of the British Medical Journal gives

particulars of the new bacteriological laboratory of the

Melbourne University, at present in course of erection. The
large hall of the laboratory will afford accommodation for eighty

students. Situated on the ground floor there are four research

laboratories and one preparation room specially fitted for the

professor of pathology, who has, in addition, one room set

apart for pathological-histological work and one for chemical

pathology. Steam is laid on all over the building for both

heating and sterilising purposes. One room has been set apart

as a plague laboratory, having germ-proof windows and doors.

The walls are covered with tiles made of opaque glass and the

floor with lead, so that it can be flooded with antiseptics in case

of accidents. In the building there are rooms devoted to micro-

photography, the preparation of media of all kinds for the

sterilising and disinfecting of all utensils, and departments for

numerous other purposes. The department is subsidised by

the Board of Public Health, by the Ministry of Agriculture,

by the Metropolitan Board of Works, by the City Council,

and by other municipalities, who contribute between them

about 800/. per annum. The duties of this bacteriological de-

partment consist in the examination of water and milk supply,

of investigating diseases which are discovered at the abattoirs

and amongst stock, and analysing the eflluence from the sewage

farm. It is also prepared to assist the Board of Public Health,

on behalf of the medical profession, in diagnosing diphtheria,

typhoid, tubercle and cases of plague. It is expected that the

building will be opened in March next.

A NEW use for kites is brought under notice in the latest

issue of the United States Monthly Weather Jie-jievj. An
exhibition has recently been given in Chicago showing how

those within a besieged town or other -inaccessible place can use

the kite line to carry a telephone, with its separate telephone

wire, through the air, and let it drop from the kite upon a dis-

tant place while the kite still remains in the air. By using a

very large box kite and attaching to the kite line a little way

below the kite a pulley through which runs the telephone wire,

the telephone may be dropped from the pulley while the in-

sulated wire keeps up the connection with the man at the kite

reel. Of course, at the present time (as is pointed out in the

Review), when kites have rarely been sent out with more than

two miles of wire, which corresponds to a horizontal distance of

much less than two miles, this method does not promise to put

into communication persons separated by a great distance, but

it may be very useful for short distances.

In order to enable Essex dairy farmers and ladies engaged in

dairying to gain an insight into agricultural education and the

organisation and practice of the agricultural industries of Den-

mark, the Essex Technical Instruction Committee arranged a

visit to that country in May last, when thirty-one persons spent

a week there in visiting the agricultural schools, dairy farms,

butter factories, &c. The excursion (judging from the careful

report just issued from the County Technical Laboratories,

Chelmsford) seems to have been in every way a great success.

The members of the party were impressed with the thriving
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condition of agriculture in Denmark, the happy position of which

is attributed in the report to legislation, education and co-opera-

tion. Visits such as that under consideration cannot, if properly

organised, fail to bring about useful results.

Those interested in the phylogeny of the Vertebrata will be

pleased to hear of the discovery in the seas of Alaska of a new

representative of the Enteropneusta, in the form of a species allied

to the typical group of Balanoglossus. This new form, which it

is proposed to call Harrimania maculosa, is described by

Mr. W. E. Ritter in Part 2 of " Papers from the Harriman

Alaska Expedition," now in course of publication in the serial

last quoted. The new form leads its describer to conclude that

the notochord of the Enteropneusta is undoubtedly homologous

with that of the Vertebrata. It is specially noticeable in that it

consists of two parts ; the anterior corresponding with the same

structure in the other members of the group, while the additional

posterior moiety is connected with the esophagus. This latter

portion is peculiar in that it persists throughout life. Harri-

mania, which is considered to be the most primitive member of

the group, instead of burrowing like Balanoglossus, lives under

stones, where it often makes its way through the mud at the

plane of contact between the latter and the stone beneath which

it is concealed. While some examples were only found at ex-

treme low tide, others occurred much nearer high-water mark

than is the case with any other Enteropneusta.

The last published number of the U.S. Monthly Weather

Review (June) contains a note by Prof. E. B. Garriott on the

extension of the Weather Bureau work, which constitutes one

of the most substantial advances in the history of that institu-

tion. The West Indian branch was established in 1898, and at

the present time practically all the cable islands and ports of the

West Indies and the Carribean coast of South America receive

advices regarding tropical storms. The West Indian observing

stations number thirteen, and hurricane warnings are displayed

at more than a hundred points. Telegraphic reports are now
also received from well-distributed Mexican stations. It is

believed that the reports received from the northern and western

parts of Mexico will lead to a better understanding of the

important storms which sweep north-eastward from the tropical

Pacific and cross the United States to the Atlantic. Reports

from the extreme north-west of Canada have been added within

the last two years and have furnished valuable data regarding

the movements of North Pacific storms. The Weather Bureau

has consequently reports from an area extending over more

than 42^ of latitude and 65° of longitude. The advantage

afforded by these widespread telegraphic stations can hardly be

over estimated.

The Philosophical Magazine for October contains an inter-

esting paper by Mr. R. J. A. Barnard, of Melbourne, on the

annual march of temperature. The author has examined the

observations for forty years at Melbourne and has divided them
into two groups, 1859-78 and 1879-98. In each group the

average for every day is obtained and smoothed twice by re-

placing the temperature of each day by the mean of the five

consecutive days of which the particular day is the middle.

The results of the second smoothing show that in the second

week of March the temperature begins to drop rapidly, reaching

a secondary minimum for each curve on the 19th. It then rises

again to the extent of a^^ during the next week, reaching a

maximum on the 25th and 26th, the data being the same again

for both groups. The spells are not so marked as those found

by Dr. Rijkevorsel for Europe, owing probably to the more
uniform conditions of the southern hemisphere. The results

show that a period of less than forty years is not likely to give

any trustworthy information about spells, and that the division of
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the observations for any particular place into groups of twenty

years and the comparison of them in the way specified appear

to be satisfactory methods of finding out whether such spells

really exist.

The rise and fall in the level of a lake, produced by the

mechanical action of wind, is strikingly shown in a short

paper contributed by Prof. A. J. Henry to the U. S. Monthly

Weather Review for May. Continuous records of lake level at

four points, viz. Amherstburg, Ontario, mouth of the Detroit

River, and Buffalo Harbour, Lake Erie, were considered in

conjunction with continuous records of wind direction and

velocity and atmospheric pressure made at the Weather Bureau

offices in Detroit and Buffalo ; and a relation between the wind

and water is clearly shown when the two sets of records are

plotted under one another. It has been known for some years

that general winds, as distinguished from local winds, blowing

parallel to the longer axis of the main body of the lake, have a

tendency to heap up the water at the end of the lake toward

which they blow, and to depress it at the opposite end. Owing

to the convergence of the shore lines at Buffalo, the heaping up

of the waters in that harbour, under the influence of a south-

westerly wind, becomes a serious menace to the safety of wharf

and dock property. Likewise, owing to the shoal water at

either end of the lake, a decrease in the available depth in the

harbours and channels produces vexatious delays and frequent

groundings.

Prof. Henry's examination of the facts referred to in the fore-

going note shows that when high water exists at Amherstburg it

is always low water at Buffalo. The synchronism of the times of

high water and low water at the two places is almost perfect.

The period of oscillation is likewise fairly constant, ranging from

six to eight hours for a half oscillation, and from twelve to six-

teen hours for a whole oscillation. The computed time of a

whole oscillation, assuming the lake to have a mean depth of

50 feet, is, roughly speaking, seventeen hours. While the in-

formation on the subject is as yet too fragmentary to admit of

drawing trustworthy conclusions, this much seems to be

apparent : the oscillations are stationary rather than progressive.

A wave of water is not propagated, in the ordinary sense of that

word, from one end of the lake to the other, but the whole lake

oscillates about a pivotal or nodal line, which, in the case of

longitudinal oscillations, may be said to cross the lake about the

longitude of Fairport, Ohio. Although there is no instrumental

evidence of the fact, it may be assumed that, as in the case of

similar oscillations in other land-locked bodies of water, the

oscillations at the nodal line are zero, increasing to a maximum

at the respective ends of the lake. Prof. Henry concludes by

saying that it is within the range of probability that the occur-

rence of the more pronounced oscillations can be forecast by the

Weather Bureau at no distant period.

To the Entomologists' Monthly Magazine for October, Mr.

R. McLachlan contributes an abbreviated translation of an

article, by M. A. Lancaster, on the swarms of a species of

dragon-fly {Libellula quadrimaculata) which were observed in

Belgium on June 5 and 10 last. On both occasions the tem-

perature was very high, and the insects flew against the wind.

The translator is of opinion that nothing certain in regard to

the causes of these remarkable migrations has hitherto been

ascertained. "As a rule," he writes, " the multitudes are so

vast as to make it difficult to believe that all can have been

bred within a very limited area. On the contrary, it rather

looks as if the individuals in a certain initial locality, being

seized with an uncontrollable migratory impulse, were progres-

sively joined by others till the accumulations formed the ulti-

mate swarm. A part of the second swarm seems to have reached

England.
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In an exhaustive paper read before the Manchester Literary

and Philosophical Society {Memoirs, vol, xliv. Pt. 4, pp. 1-8),

Mr. Thomas Thorp describes his modification of the diffraction

process of colour photography, first put forward by Prof. Wood.

The difficulty of determining the correct degrees of rulings

necessary for giving certain colours by Prof. Wood's arrangement is

obviated by adjusting several copies of a grating having the same

spacing at angles to each other, the angles giving the best colour

combinations being found by experiment. Full details are given

oif the method of obtaining the celluloid copies from an original

metal reflection grating. A diagram is included to illustrate the

procedure for obtaining stereoscopic views with the apparatus.

In the Asirophysical Journal (vol. xii. pp, 30-48), Herr J.

Hartmann, of the Astrophysical Observatory at Potsdam, gives

a useful and interesting series of suggestions on the design and

critical adjustments of photographic spectrographs intended for

observational work of a high degree of accuracy.

In Science for September 28 is to be found an article on the

*' International Catalogue of Scientific Literature " from the pen

of Sir Michael Foster, in which it is stated that more than forty-

five complete sets of the work have already been subscribed for

in the United States, and that, therefore, the catalogue will be

begun at once.

Many of our readers will be pleased to know that the

recently delivered Huxley lecture of Lord Lister is tobe had in

extenso in both the Lancet and the British Medical Journal for

Saturday last.

The last part published (vol. xii. Part 4) of the Journal of

the College of Science, Tokyo, gives evidence of the continued

activity of the Japanese University in zoological research, in two

valuable papers :—Further observations on the nuclear division of

ISioctiluca, by C. Ishikawa ; and Notes on some exotic species

of Ectoparasitic Trematodes, by Prof. S. Goto, both well illus-

trated. This number also contains the commencement of an

enumeration, by T. Ito and Prof. J- Matsumura, of the flowering

plants of the Luchii Islands, the rich and interesting flora of

which is at present but imperfectly known.

The second volume of the elaborate " Cyclopedia of

American Horticulture," by Prof. L. H. Bailey, Dr. W, Miller

and others, has been published by Messrs. Macmillan and Co.,

Ltd. The volume extends from E to M, and is to be followed

by two others. There will be more than two thousand original

illustrations in the complete work, and the text will be on a pro-

portionally large scale. The scope of this remarkable under-

taking may be judged, from the sub-title, which certifies that

the complete work will comprise " suggestions for cultivation of

horticultural plants, descriptions of the species of fruits, vege-

tables, flowers and ornamental plants sold in the United

States and Canada, together with geographical and biographical

sketches." Our review of the work will be deferred until the

appearance of the final volume.

-New editions of several established works have been
recently received. The fifth edition of " Quantitative Chemical
Analysis," by Dr. Frank Clowes and Prof. J. B. Coleman,
has been issued by Messrs. J. and A. Churchill. The book
provides a sound course of work both in manipulation and
analysis, and is well in touch with modern methods. Among
the additional matter we notice a description of a new and
ingenious method of determining melting-points, a special

apparatus for the rapid filtration and ignition of precipitates,

and an improved form of condenser for use in the distillation of

liquids.—The principles and practice of paper manufacture are

presented in a form suitable for students in " A Text-book of

Paper-Making," by C. F, Cross and E. J. Sevan (E. and F. N.
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Spon). The second edition of the book has just appeared.

—

Another second edition is " Agricultural Zoology," by Prof. J. R,

Bos, translated by Prof. J. R. Ainsworth Davis. An appendix
has been added, containing an instructive statement of con-

ditions \yhich determine the appearance of harmful animals
;

also the general "principles as to the means to be employed
against them, and lists of pests classified according to their

habitat, A full index has also been added.—Now that attention

is being given to nature study in rural schools, Mrs. Brightwen's
writings upon animal and plant life should receive additional

admirers. Her books are of a kind that cannot be too widely
known, so we are glad to see that Mr. Fisher Unwin has just

issued new editions of " Wild Nature Won by Kindness " and
"Glimpses into Plant Life."

The." Memoirs and Correspondence of Lyon Playfair " was
fully noticed in our issue for December 7 last, so that it is novv

unnecessary for us to do more than to state that a " popular "

edition of the book has just been issued by Messrs. Cassell and
Co., Ltd.

The new issue of the Journal of the Royal AgriculluraJ

Society of England, contains, as usual, a number of interesting

and valuable articles, among which may be mentioned an
account, by Dr, Fream, of the York meeting of the society^

" The Trials of Steam Diggers at York," and an obituary notice

(with a page portrait after Herkomer) of Sir John Bennet
LaweS.

Nature Notes for October mentions that aq avocet was shot

near Penzance in the spring.

In the October number of the Journal of Conchology, Mr.

A. G. Stubbs concludes his synopsis of the freshwater and land

molluscs of the Tenby district.

In the last annual "General Report of the Geological Survey

of India," a voluminous book of 258 pages, the results of much
industrious labour by the officers of the Survey are summarised.

Considerable activity is being displayed in the prosecution of

chemical and palaeontological research, and the field-work has.

been directed towards elucidating economic questions as well as

others purely geological. Part iii. of this work contains indi-

vidual "progress reports" by various officers of the Survey,

which consist of papers dealing, not only with economic matters

such as auriferous reefs and coal-fields, but also with various

questions of considerable geological interest.

Under the title of " A List of Works on North American

Entomology," the U.S. Department of Agriculture, Division of

Entomology, have issued, as No. 24 of the new series of their

Bulletin, an extremely useful classified index to the most im-

portant publications relating to the various orders and families

of North-American insects. It has been compiled under the

direction of the entomologist, Dr. L. O. Howard, by his assis-

tant, Mr. Nathan Banks. The idea is excellent and might well

be adopted for other publications of a similar character respect-

ing the insects of other countries. Such an index cannot be

complete, but so many of the most important works on the

subject are included that it will be easy for a student taking up

the study of any special branch of North American insects to

feel his way by this bibliography at the commencement and to

enlarge his knowledge on a good foundation as he progresses.

The latest part of the Journal of the Asiatic Society of

Bengal (that issued on July 9) is wholly taken up wich Sir

George King's " Materials for a Flora of the Malayan Penin-

sula," a portion of which has been written by Dr. O. Stapf, of

Kew.
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In addition to the usual "notes'' and proceedings of Irish

Societies, the October issue of the Irish Naturalist contains an

interesting communication by Mr. C. B. Moffat, entitled " The
Habits of the Hairy-armed Bat."

We have received a copy of the Papers and Proceedings of

the Royal Society of Tasmania for 1 898- 1 899 (issued June 1900).

It contains a useful list of Tasmanian mollusca, by Miss Lodder
;

several petrological papers, by Mr. W. H. Twelvetrees and

Mr. W. F. Petterd, in which limurite, haiiyne-trachyte, felsites,

nephelinite and other rocks are described ; also a note by

the same authors on bones of Tasmanian labyrinthodonts.

Numerous other natural history subjects are dealt with.

Among recent American and Colonial reprints we have to

note the following :—Contributions to the U.S. National

Herbarium, the plant covering of Ocracoke Island, by Thomas
H. Kearney, jun. ; and Stigmonose, a disease of carnations and

other pinks, by Albert F. Woods ; both issued by different

divisions of the U.S. Department of Agriculture; Progress of

plant breeding in the United States, by Herbert J. Webber and

E. A. Bessey, reprinted from the year book of the U.S.

Department of Agriculture for 1899 ; and Observations on the

eucalypts of New South Wales, parts 5 and 6, by H. Deane

and J. H. Maiden, from the Proceedings of the Linnean Society

of New South Wales.

A SMALL pamphlet, issued by the Joint Agricultural Council

of the East and West Ridings and of the Yorkshire College, con-

taining a list of one hundred Yorkshire weeds, should be useful

to farmers. It will be supplemented by a herbarium containing

entire plants of the hundred weeds, and a cabinet containing

their seeds or fruits, and will be followed by others.

In the Bulletin, No. 3 (Petroleum Series), issued by the

School of Mines, University of Wyoming, Mr. W. C. Knight

gives an account of the oil-fields of Crook and Uinta counties.

The geological features of the oil-yielding districts are briefly

sketched and illustrated by maps and sections in the text.

Tables showing the results of testing in various samples of oil

are contributed by Mr. E. E. Slosson.

" Notes on some Jurassic Plants in the Manchester Museum,"

by Mr. A. C. Seward, are published in the Memoirs of the

Manchester Literary and Philosophical Society, vol. xliv. 1900,

and reprinted in "Notes from the Manchester Museum," No. 6.

The collection dealt with includes the plants figured by Lindley

and Hutton, in addition to other specimens in the museum.

The synonymy of numerous species is given, and a list of Inferior

Oolite plants contained in the museum collections is also added.

These notes are accompanied by four well-executed plates and a

useful bibliography.

In the M^moires du Mttsee Roy. ctHist. Nat. de Belgique,

t. i. 1900, Mr. Seward describes the Wealden flora of Bernissart

(Belgium). The plants described are obtained from a fresh-

water deposit and are of a fragmentary nature ; the flora is

remarkable for the relatively large number of ferns included,

while the cycads are absent and the conifers rare. Twenty

species of plants are recognised, more than half of which are

known also from England and Germany. The memoir is well

illustrated by four plates and several text-figures.

Since the publication in our last number of a list of forth-

coming science books, we have received the list of announcements

of Mr. Gustav Fischer, of Jena. It is as follows :—" Atlas der

topographischen Anatomie des Menschen," by Profs. Bardeleben

and Haeckel, Zweite viillig umgearbeitete und vermehrte

Auflage ; " Organographie der Pflanzen, insbesondere der
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Archegoniaten und Samenpflanzen," by Prof. Goebel, Zweiter

Teil, 2 Heft, Erster Teil ;
" Klinisches Jahrbuch," Siebenter

Band, Funftes Heft ;
'* Lehrbuch der vergleichenden

Anatomie der wirbellosen Tiere," by Prof. A. Lang, Zweite

umgearbeitete Auflage, Erste Lieferung, Mollusca ;
" Die

Grundlagen und die Methoden fiir die mikroskopische Unter-

suchung von Pflanzenpulvern," by Prof. A. Meyer ;
" Aetiologie

und Prophylaxe der Lungentuberkulose," by Dr. J. Ruhemann ;

" Anatomisch-klinische Vortrage aus dem Gebiete der Nerven-

pathologie," by Prof. K. Schaffer ;
" Praktikum der physio-

logischen Chemie," by Prof. Fr. N. Schulz ;
" Lehrbuch der

Histologie und der mikroskopischen Anatomie des Menschen

mit Einschluss der mikroskopischen Technik," by Prof. P,

Stoehr, Neunte verbesserte Auflage ;
" Das Neuron in Anatomie

und Physiologic," by Prof. Max Verworn,

Mr. H. K. Lewis promises the following new books :

—

" Blood and Blood Pressure," by Dr. G. Oliver ; and new
editions of " Hygiene and Public Health," by Dr. Louis

Parkes : "Medical Electricity," by Dr. Lewis Jones ; "The
Student's Medical Dictionary" and "A Pocket Medical

Dictionary," by Dr. G. M. Gould.

Messrs. Lovell Reeve and Co., Ltd., have in preparation a
" Monograph of the Membracidae," by G. B. Buckton, F.R.S.,

who will be glad to hear, through the publishers, from entomo-

logists and others as to specimens which they have reason

to believe are as yet unknown to science.

Messrs. Williams and Norgate announce :
— " The Opus

Majus of Roger Bacon," edited with introduction and analytical

table by J. H. Bridges.

Mr. Martinus Nijhoff, bookseller, of the Hague, has

just issued the first part of his classified natural science catalogue

containing nearly 2500 entries.

The additions to the Zoological Society's Gardens during the

past week include a Vervet Monkey (Cercopithecus lalandii)

from South Africa, presented by Lieut. Sullivan ; a Black-

backed Jackal (Ca;«V w^^fow^/a^) from South Africa, presented

by Mr. J. E. Matcham ; a Two-spotted Paradoxure (Nandinia

binotata) from West Africa, presented by Mr. R. G. Pointer ; a

Vulpine Phalanger ( Trichosurus vulpecula) from Australia, pre-

sented by Miss Bartlett ; a Blue-faced Amazon (Ckrysotis versi^

color) from St. Lucia, West Indies, presented by Miss M.

Moon ; two Greek Tortoises ( Testudo graeca), European, pre-

sented by Sister Heather Grey; a Chameleon {Chamaeleon

vulgaris) from North Africa, presented by Mrs. E. Putz ; a

Bonnet Monkey {Macacus sinicus) from India, two Pucheran's

Guinea Fowls {Guttera fucherani) from Somaliland ; a Large

Grieved Tortoise (Podocnemis expansa) from the Amazons; a

Greek Tortoise (Testudo graeca), European, deposited; two

Common Rattlesnakes [Crotalus durissus), two Water Vipers

Ancistrodon piscivorus), two Copper-head Vipers {Ancistrodon

contortrix), two Mocassin Snakes (
Tropidonotus fasciatus), a

Hog-nosed Snake {Heterodon platyrhinos) from North America,

received in exchange.

OUR ASTRONOMICAL COLUMN.
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THE STABILITY OF A SWARM OF METEOR-
ITES AND OFA PLANETAND SATELLITE.

THE problem of the stability of a swarm of meteorites which

is under the action of its own gravity and the attraction of

the sun, that is to say the determination of the condition under

which the swarm will remain unbroken up by the tidal action of

the sun, has been dealt with by Schiaparelli, M. Luc Picard and

M. Charlier {Bulletin de PAcademic de St. Petersbourg, t. xxxii.

No. 3). The result obtained by the first assigns a much wider

limit of stability to such a system than that arrived at by the

other two investigators mentioned ; but there cannot, I think,

be any doubt of the greater correctness in actual cases of the

narrower limit. The problem is intimately related to the still

more interesting question of the stability of the earth-moon

system, which was treated by Mr. G. W. Hill in a remarkable

paper in the American Journal of Mathematics for 1878. This

again is, in another form, the problem treated still earlier with a

special object in view by Edouard Roche {Mini. Acad, de Mont-
pellier, vol. i. 1847-50 ; see also Annates de PObservatoire, t. v.),

when he arrived at his result concerning the limiting relation

between the distance of a satellite from a primary and the

<liameter of the primary, which must hold in order that the satel-

lite, held together by its own gravitation only, may just not

break up under the tidal forces due to the primary, and his

corresponding result for a planet's or satellite's atmosphere.

These investigations, though of great general interest, are not

so well known as might be expected, and one object of this

paper is to give some slight account of them. An abstract of

the work of Charlier and Hill is given also in Dr. Routh's

recently published work on "Dynamics of a Particle." But I

wish also to point out how the main conclusions of Charlier, that

of Roche with respect to a planet's atmosphere, and more
indirectly the result of Hill, can be obtained by means of

elementary considerations.

The problems just referred to have been treated by very

different methods. Schiaparelli's discussion is a direct attack

of a somewhat long and involved nature ; those of MM. Picard

and Charlier {Bulletin de PAcadhnie de St. Petersbourg, t.

xxxii. No. 3 ; see also Tisserand, Mecanique Celeste, t. iv.)

make use of the method of revolving axes. The radius vector

from the centre of the sun to the centre of the meteoric swarm
is supposed to revolve with angular velocity, n say, about the

centre of the sun as a fixed point ; then the motion of a particle

of the swarm is referred to three directions at right angles to

one another having their origin at the centre of the swarm, and
turning with the radius vector just specified. These axes may
be taken as an axis of \ towards the sun, an axis of ij at right

angles to this in the plane of motion of the centre, and an
axis of ^ at right angles to this plane. Then equations of motion
relative to these moving axes are written down for a particle the

component distances of which from the centre are |, ?/, ^, it being
supposed in the first place that the distance r of the centre of the

swarm from the sun, and the angular velocity n of the radius

vector are both variable. Approximate values of the forces are

obtained by supposing that |, tj, C are small in comparison with
r, and that r, and therefore also n, is constant. When account
is taken of the condition that must hold for the central particle,

the equations assume the very simple form

^-2«7J-(3«2_^)| = 0, iJ4-2«i + /UT; = 0, "C+(«'^ + /i)C=0.

The value of ju is ^irks, where k is the gravitation constant

and s is the average density of the portion of the swarm within

the spherical surface on which the particle lies, supposed
symmetrical about the centre. Considering only particles in the

plane of |, 17, the values of these co-ordinates are supposed to

oscillate about certain constant values, so that |= a cos (»/-)- e),

f\ = b%\x\. (a)/-fe). That is, each particle is supposed to revolve

in an ellipse, the centre of which is the centre of the swarm,
and of which one axis is along the line of centres and the other

perpendicular to that line. The ellipse is a circle '\i a = b, and
wis then the angular velocity of the relative motion of the particle

about the centre. These values substituted in the first two
equations of motion lead to the condition

(«^ - /i)(w^ -f 3«^ - m) "" 4w'^«' = o.

Now CD is ittf, if f be the frequency of oscillation ; and if the

oscillation be stable,/ will have a positive real value. The roots

of the quadratic in aP- just written must therefore be real and
positive ; and it is not hard to see that the required condition
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for this is /u>3«*. This gives, when /* is replaced by \-ifks,

and m'^ by k'MIr^, where M is the mass of the sun (for we have
for the central particle n^r=^M/r^), the inequality

^wr'> 3M.

In order, therefore, that the swarm ofsmallparticles may keep

together, it is necessary that its average density be greater than
that ofa spherical distribution of matter of radius equal to the

sutHs distance and of three times the sun^s mass. The problem
for an elliptic orbit of eccentricity e has been considered by
M. Callandreau {Bulletin Astronotnique, 1896). The condition
^>3«2isin this case replaced by /u>3«'^-t-5e^«''. The swarm
is therefore rendered less stable by the eccentricity.

It is to be remembered that the effect of the distortion of the

swarm by the tidal force of the sun is neglected, and it does not

seem of much importance to consider eccentricity of orbit so

long as the assumption of sphericity of figure is maintained.

Since the equation of condition stated above must be satisfied,

only values of w consistent therewith, and with the inequality

fj.>^n^, are admissible. Thus if « = o, that is if there be no
revolution of any particle about the centre of the swarm, the

equation gives /x = 3«^, and the inequality is not fulfilled. This
is a limiting case between stability and instability.

Now let the differential equations of motion referred to above
(from which the more roughly approximate equations quoted are

derived) be modified for the case ir\. which the swarm is replaced

by a planet of given mass m, and the particle considered by a

satellite of mass m' at the external point |, tj, C. then let them

be multiplied by i, rj, f respectively, integrated, and added.

Thereby will be obtained the equation of kinetic energy for the

relative motion, commonly called Jacobi's equation. This has,

if l^ + v^ + C^, the square of the resultant relative velocity, be
denoted by v^, the form

•"{ (;'-|)2

}J
-t- C-o

C^ r= s/^r- 1)-^ + v + c^

where

H = k{m + m'), p= >y|''^

C is a constant, and r is, as before, the distance of the centre of

the sun from that of the planet.

Now when v^ has a given value, the satellite must have its

centre on the surface of which the equation is obtained by
placing that value in the equation just written. Hence, since v'^

is positive, the satellite cannot pass across the surface for which
v"^ = o, that is the surface for which

+ 2
r\

{r-O'+V }-C = o;

by putting C=o in this we obtain the equation of the curve in

which the surface intersects the plane of |, rj. An investigation

of the surface shows that if C be positive the surface consists of

three sheets, of which two are closed and surround the sun and

the planet respectively ; and the third is asymptotic to a surface of

revolution about an axis passing through the sun's centre perpen-

dicular to the ecliptic, and surrounds the two closed surfaces.

Within the closed surfaces, or outside the third surface, v^ is

positive ; between the closed surfaces and the outer asympto-

tically cylindrical surface v'^ is negative, and therefore v is

imaginary. The satellite must therefore be within one of the

closed surfaces, or beyond the outer surface ; in either case it

cannot cross the surface of zero velocity.

When the proper values of the quantities for the earth-moon

system are inserted, it is found that the moon is within the

closed sheet surrounding the earth, from which, therefore, it

cannot escape. The distance of the moon's centre from the earth,

Mr. Hill has calculated, cannot exceed 109*694 equatorial radii of

the earth. The result is based, of course, on the assumption

that the eccentricity of the earth's orbit may be neglected.

If, besides neglecting the eccentricity, we suppose the moon
to move in the plane of the ecliptic, and to be so distant that

we may neglect terms in tj, the equation of the curve of no

velocity in the plane of the ecliptic is

I^ + In^^^c,
P 2

or if I = p cos

3«2cos^9. p^-cp + 2fj.
— o,

where c is another constant.
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The roots of this cubic in p are all real if cos'fl>^/8i«V-,

:ind the rule of signs shows that there is only one negative root.

The curve of no velocity consists then of a ck>sed branch round

ihe origin of co-ordinates,the centre, E, of the earth in the present

case. Besides this there are two infinite branches which are

asymptotic to the parallel lines AB, a'b' represented by

VH = (•

Thus the curve is as roughly represented in Fig. i. The line CD
shows the direction of the radius vector from the sun.

Between the closed curve and the infinite branches v is

imaginary, and the satellite must be either within the closed

branch or beyond the boundary represented by the infinite

branches. The calculation gives very approximately no equa-

torial radii of the earth for the greatest distance of any point of

the closed branch from the centre. The form of this branch is

that of an oval, being slightly longer in the direction towards

the sun than in the transverse direction.

The theorem of Roche which we discuss here is contained in

the statement that the atmosphere of a satellite cannot be held

together merely by the gravitational attraction of the satellite

unless the inequality

is fulfilled, in which m is now the mass of the satellite, M that

of the planet, c the ratio of the square of the angular velocity

of the satellite's axial rotation to the square of the angular
velocity of its orbital revolution, a denotes the satellite's radius,

and r the distance of the centre of the satellite from the planet.

If the densities of the planet and satellite be 5^,$, and their radii

a,,a, and c be unity, that is if the satellite turns always the

same face to the primary, we have for the inequality

>3. or r>i"44ai ^-^s.

It should be mentioned that Roche's investigations embraced
much more than this ; they included the determination of the figure

of a fluid satellite, and entered into other matters which cannot
be discussed here.

To deal with these questions in an elementary way,
consider the important particular case of a spherical swarm of

radius a moving round the sun, and turning as a whole about an
axis perpendicular to the orbit in the period of revolution, so

that it turns the same face always towards the sun. This is, of

course, a less general problem than that considered above ; it is

indeed the case of that problem in which w is zero It is inter-

esting to see from the more general investigation that the con-

ition obtained by the consideration of this case is sufficient to
|

give stability for any value of w provided it fulfils the equation
of condition stated above. We shall obtain also by the ele-
mentary process a wider condition for the case in which w is

not zero. This will give the inferior limit assigned by Roche to
the distance of a satellite from its primary.
A particle, of unit mass, say, at the centre, c (Fig. 2), at

distance sc ( = r) from the sun, is in relative equilibrium under
the sun's attraction and the so-called centrifugal force. That is,

we have for that particle

-_ -n-r= o.

Again, a particle on the outside of the swarm at the point
nearest the sun is at a distance r-a, and under attraction
kMI{r-a)-. Hence there is a preponderance of attraction over
the acceleration n^r-a) towards s. This excess is

(r-af
-«M.-«)=.m( ' -J,.^}

ZkUl

nearly. This must at least be balanced by the attraction
towards the centre, c, exerted by the swarm, if the particle is not
to leave the swarm. Hence we must have ^nska^/a- > ;iiMa/r^,
or

as before. The same result would be obtained for a particle at
B. In that case the attraction of the sun kM/(r+a)'^ would be
insufficient to supply the acceleration n-{r+ a) towards the sun.
The condition that this should be supplied by the attraction of
the swarm is that ^irsr^ should be at least equal to 3M.

This result holds, of course, for all particles within the swarm
on the line sc, for no particle experiences any force on the
whole from the spherical layer outside it.

It is to be observed that a particle at A or B (or on the line

sc) is in greater danger of leaving the swarm from the causes

just explained, than a particle elsewhere on the spherical

surface.

If the particles of the swarm have other angular velocities than

that supposed above about an axis through its centre perpen-

dicular to the plane of the orbit, the investigation will run as

follows. Suppose applied to each of the particles a force per

unit mass equal and opposite to that, «V, exerted by the sun on
the central particle. This will have no effect on the relative

motions of the particles or on the figure of the swarm. Upon
the particle nearest the sun the force per unit mass toward the

sun is now

(r-af r3 '

if wi be the angular velocity t'n space of the radius vector drawn
from the centre to the particle (that is, not the relative angular

velocity a> above, but « f «)• This must at least be balanced by

the attraction towards the centre exerted by the swarm if the

particle is not to leave it. Thus we have ^irisa > 2i'Ma/r^ + (o^a,

or since ^-M = w^r*

(-50 M.

Thus if the swarm as a whole make one rotation in the period

of revolution round the sun, u>j7«'=i> and we obtain the same

result as before.

Let now the swarm of particles be replaced by a spherical

planet with an atmosphere composed of discrete small particles,

the whole being held together by gravitational attraction alone.

Then if the mass of the planet be denoted by in, the inequality

ifitsr^ > 3M becomes ^wsa^ > ^Ma^/r^, that is w//M > 30'/^. This

is to be fulfilled if the atmosphere is not to be dissipated by tidal
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action. The same thing will, of course, hold for a primary and
the atmosphere of a satellite.

In the more general case, that in which the satellite has rota-

tional velocity a> about its axis (supposed perpendicular to the

plane of the orbit), we have, assuming that the satellite is

spherical and denoting o>-^,jffl by c, »il^l>{2 + c)a^lr^. This
agrees with the former result when c=l. These results were
first obtained by M. Roche. ^

The figure of a fluid satellite is determined by finding a surface

to which the resultant of the gravitational pull of the primary on
unit mass, a force «V equal and opposite to the gravitational

pull on unit mass at the centre, the gravitational force per unit

mass exerted by the matter of the satellite itself, and the centri-

fugal force of unit mass, is everywhere perpendicular. A first

approximation to the force due to the satellite itself is obtained
by neglecting the deviation from sphericity, as is done above.
But into this discussion we cannot here enter. It can only be
stated that the final result, taking into account the distortion of

the satellite, is that the satellite will be broken up if it approaches
closer to the primary than the limit given by the inequality

r>2-44 ^•f.Ai-

Now imagine a planet and a satellite moving round the sun,
the satellite being destitute of relative velocity. The satellite

may, for example, be regarded as a particle (of unit mass say)
of a ring of small mass composed of particles surrounding the
primary at a distance a, the whole turning, if that were possible,
with angular velocity equal to that of the primary round the sun.
By what we have seen above, the excess of solar attraction
over the sunward acceleration is, for a particle on the side
nearest the sun, ^kyiajr^. This must be balanced by the
attraction kmla^, so that we have the equality kmla^ = ^iMa/r^.
From these expressions for the forces we see that the potential

energy, with a term for centrifugal force included, may be taken,
for unit mass of the infinitesimal satellite on the line of centres
at the point nearest the sun, as - km/a- -^kMa^/r^. This is an
example of the almost self-evident principle, known as the
theorem of Coriolis, that if there be included a term in the
potential energy which will give the components of centrifugal
force, we may write down the equation of relative kinetic
energy, just as if the rotating axes were fixed. The potential
energy thus required for the centrifugal force on a particle of
unit mass at a point at distances |, 77, ( from the planet's centre,
measured respectively along the line of centres, perpendicular
to this line in the plane of motion, and perpendicular to the
plane of motion, is -i«^{(^-|)2 + 7j-}, or, since «V= /('M/;'2,

The total potential energy being taken as

(with, as before,

:kM/r^), the equation of relative kinetic energy is

I f>
r, 2 r^ {\ V

c^

and

+ V' + r}].

which, for an infinitesimal satellite, is Hill's equation as eiven
above.

For the moon, which has mass m' sensible in comparison with
the mass, m, of the earth, the first term in the square brackets
should be k{m + m')lp.

It may be noticed by the dynamical student that if the above
expression for the potential energy be denoted by V, we have
not 1= - 9V/9|, &c., for the equations of motion, but

av/ai, il=-dYldn. r av/ac
A. Gray.

I have found since the above was written that the same elementary view

Atm c 'i^i'"",'"
given by Roche himself in his paper " Recherches sur lesAtmospheres des Cometes," Annales de lObservatoire, t. v. 1850. Perhaps

I maj- here direct attention to a valuable paper by Roche (which may, how-

en?i;i H "% ^"""^
"i"*^

^^^" •" '^f^'-'-^d to, be well known to astronomers).

rff^W^,^/."^'.""''-
Constitution du Systems %oWn^," Mevt.de [Acad.

gonic rel'^ltches.
""'" ^'^"^ ^ ^^"^'"''' ^''''°""' °*" '^^ ^"'^°"'" '=°^'"°-
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ANTELOPES AND THEIR RECOGNITION
MARKS.

'pHE Tragelaphine Antelopes hold a unique position amongst
the hollow-horned ruminants. No other group can show

species so sharply contrasted in size and build as the massive
eland rising over sixty inches at the withers, and the dainty
little bush-buck which falls short of half that height. Only the
Indian black buck amongst the gazelles can match the nylghaie
and nyala for diversity of sexual colouring ; and for elegance
of form, coupled with beauty of marking and grandeur of carriage,
the kudu is surpassed by no species of mammal.
Apart from certain features presented by the skull and horns,

the affinity between the species here mentioned is attested by
the markings of the skin. On a ground-colour shading from slate
to chestnut are distributed certain white spots, patches or stripes,
which crop up so persistently in the different genera as to leave
no doubt they are a heritage from a common ancestor. A com-
parison between the skins of the existing species suggests that
this ancestor was coloured somewhat as follows :—Body and
head yellowish red ; flanks and hind-quarters striped with white ;

on the throat two white patches, one at each end ; one or two
spots on the cheeks, a V-shaped stripe between the eyes, a white
chin, a white upper lip ; legs paler on the inner side, quite white
at base close to chest and groin, and with two white spots on the
pasterns in front.

Some or all of these markings have been inherited with
scarcely an exception by every known species of Tragelaphine.
Sometimes the spots on the head, sometimes the stripes on the
body, sometimes the patches on the throat are suppressed ; but
even in extreme cases of suppression, a spot here, a stripe there,
persists as a tell-tale sign of descent. The usefulness of char-
acters so constant may be taken for granted. The nature of
their usefulness has been discussed by both Wallace and Darwin ;

but so great is the discord between the opinions of these'
authorities that one cannot think both are right.

Referring to the importance of special marks for recognition
where many species of nearly the same size and general form inhabit
the same region, Mr. Wallace says : "It is interesting to note that
these markings for recognition are very slightly developed in the
antelopes of the woods and marshes. . . . The wood-haunting
bosch-bok {T. sylvaticus) goes in pairs, and has hardly any
distinctive markings on its dusky chestnut coat, but the male
alone is horned. The large and handsome kudu frequents
brushwood, and its vertical white stripes are no doubt protective,
while its magnificent spiral horns afford easy recognition. The
eland, which is an inhabitant of the open plain, is uniformly
coloured, being sufficiently recognisable by its large size and
distinctive form ; but the Derbyan eland is a forest animal, and
has a protectively striped coat. In like manner, the fine Speke's
antelope, which lives entirely in the swamps and among reeds,
has pale vertical stripes on the sides (protective), with white
markings on face and breast for recognition" ("Darwinism"
p.. 220).

It may be inferred from this passage that the interest attached
to the slight development of recognition marks in the antelopes
of the woods and marshes lies in the needlessness of such marks
for species living apart and not herding with others of the same
general size and form. If, however, there is no likelihood of
confusion, it is not quite clear from what species the horns of the
kudu serve to distinguish their owner, nor what significance in
this connection is to be attributed to the occurrence of horns
only in the male of the bosch-bok. Similarly, it is not
clear what use Speke's marsh-buck can have for recognition
marks. If, however, the spots on the face and throat subserve
recognition in this species, we must also conclude they are
retained for that purpose in the bongo

(
T. euryceros), the lesser

kudu, the nyala (/'. angasi), in which they are very conspicuous,
as well as in the various smaller kinds of bush-buck, which in
other parts of Africa live the same life as the bosch-bok of the
Colony. Surely, too, Derby's eland is at least as recognisable by
its large size and distinctive form as the Cape species

; yet it is
adorned with a conspicuous V-shaped stripe between the eyes,
and the lower throat-patch forms a white collar, standing boldly
out against the black hue of the neck.

In short, if the marks in question have been preserved for
recognition, it is singular that they are exceptionally well de-
veloped in the species that live in pairs or small parties by them-
selves in thick bush—species which, according to the hypothesis,
have little, if any, need of them. It is conceded, of course, that
the spots on the head and throat, like the stripes on the body, -4
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patches on the rump or any other visible external feature, in-

cluding large ears, may, if required, serve as marks of identity ;

but in the case of the Tragelaphines, at least, it is hard to believe
that that is any more their primary function than it is the
primary function of large ears.

A mass of evidence can be brought forward in favour of
Wallace's view that the body-stripes of these antelopes are
protective ; but there appear to me to be equally strong reasons
for classifying the face and foot markings in the same category,
and for regarding them as representing spots or streaks of sun-
light passing through foliage or reflected from leaves.

It is possible, perhaps probable, that the other white patches
on a typical Tragelaphine serve the same end ; but their

situation forcibly suggests that they have a still deeper signifi-

cance. I believe they come within the scope of Thayer's
hypothesis of concealment by the counteraction of light and
shade. A convex body stands out amid surroundings of its own
colour on account of the contrast between the light that is re-

flected from its upper surface and the shadow that pervades it

below. Take away the light by darkening the upper side and the
shadow by lightening the lower, and the body will vanish from
sight with the destruction of its visible shape. By applying this

principle to a typically marked Tragelaphine, the lesser kudu for

example, it will be seen that the white is laid on where shadows
are thrown ; that the white rim on the upper lip and the white
chin must counteract the shadows caused by the fold of the

Fig. I.—T?e Lesser Kudu, f,

.

mouth and by the muzzle ; the two white blotches on the neck
must counteract the shadows thrown by the head and by the
curvature of the throat, and the shadows cast by the breast and
groin must he similarly obliterated by the white patches on the
inner side of the base of the limbs.

That the white patches must have the effect here assigned to
them will be obvious, I think, to any one who, with Thayer's
hypothesis in mind, looks at a lesser kudu when it is standing
full face. The reason for the presence of marks concealing the
animal from this point of view will be referred to later on.

If the markings of the Tragelaphines have the significance here
attached to them, they should be better developed in the species
that live in the bush than in those that frequent the open. Let
us see in a few cases to what extent they are correlated with
habit. Two well-marked species of eland live in Africa, to wit,
Derby's eland

(
T. derbianus) from Senegambia and the com-

moner form ( T.oryK) which, with its subspecies, ranges throughout
the whole of East and South A frica. The former, according to
Winwood Reade, "lives in the forest, and never of its own
accord enters the plain." It is reddish in colour, with a black
neck, a white collar, eye-stripes and many white stripes on the
flanks and hind-quarters. Of the common eland the typical " dun
coloured" desert form is, according to Selous, "particularly
plentiful in the dry desert country through which the Chobe runs,"
and e.vamples " from the Kalahari desert have no sign of a
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stripe." Farther to the north, both in Angola, South east and
East Africa, this unmarked type is replaced by its ancestral form,
Livingstone's eland, which in colour and habits is intermediate
between the Cape and Senegambian species. The skin is

always marked with narrow white stripes, and the V-shaped
mark between the eyes is often present. In British East
Africa this eland, according to Jackson, was found in " sparsely

timbered country and open bush bordering the plain rather
than the plains themselves," and in Angola (Pentice) " it seems
most partial to a thinly limbered country." There is thus a
complete gradation from the strongly marked forest species

through the weakly marked species frequenting the open bush
to the unmarked desert species.

Take again the kudus. Both the species are well marked
with white stripes on body and head, but the smaller (i". imberbis)
is much more strikingly marked than the larger (.S". strepsiceros),

having more stripes on the body and two patches on the

throat. In Somaliland, where both species occur, the larger

lives, according to Swayne, in the mountains, on very broken
ground where there is plenty of bush ; and sometimes indeed
ventures into the open plain (Inverarity). The lesser kudu, on
the contrary, "is found in thick jungles . . . especially where
there is an undergrowth of the slender pointed aloe which
grows from four to six feet high " (Swayne). Both Swayne
and Inverarity, moreover, bear witness that this species will

allow a hunter to get within a few yards before dashing
away—a notorious habit with protectively coloured animals.
Evidence of a like kind is furnished by other species of

Tragelaphines. The beautifully marked nyala {T. angasi)
and bongo

(
T. euryceros) live in dense thickets ; and the

lovely little bush-bucks (7". sylvaticus, scripUis, &c.) seldom
venture out of cover except at night-time to feed. On the

other hand, the nylghaie, an aberrant member of the same
tribe, is without body-stripes, and lives for the most part in

more or less open country in India, and is not a typical

denizen of the thick jungle at all.^

Further evidence on this head is supplied by another set of
facts. Ungulates which live in thickets or rough ground afford-

ing cover to enemies have larger ears and a keener sense of
hearing than those of the plains or high mountains where in-

truders have little chance of concealment. Note the small ears

of the camel, a typically desert form ; or of goats and sheep
which from the mountain peaks cdn sweep the surrounding
country for miles with their eyes and seek safety in flight long
before the foe gets within ear shot. Compare also the small
equine ears of Burchell's zebra, which herds in the open plain

free from obstacles to interfere with vision, with the longer
asinine ears of the mountain zebra which frequents rocky broken
ground well fitted for the hiding of carnivores. In all the
brilliantly marked Tragelaphines the ears are long and expanded,

I

but in the nylghaie, and especially in the common eland, they are

short and narrower. Indeed, one of the chief structural differ-

ences between Derby's eland and the Cape species is found in

the size of the ears.^

The co-existence of white marks with long ears and a bush-
life bears out the supposition that ihe marks, like the ears, are

primarily for protection, and that if subservient to purposes of
recognition they are merely of secondary importance in that

capacity.

I strongly suspect, too, that the markings of the sable, roan,

gemsbok and bontebok are for concealment, and not for recogni-

tion as Mr. Wallace supposes. The theory of recognition

marks as applied to these antelopes assu ues the need of some
patch or spot to enable the members of a species to identify

their own kind amongst the herds of other sorts living in the

same place. The theory would rest upon a securer basis, if it

could be shown that closely allied species feed together. But
nothing, I suppose, is more certain than that, as a very general,

perhaps invariable, rule, closely allied and similar species are

not found together. If, for example, the gemsbok and the

1 An apparent exception to the rule that the development of white stripes

and spots is correlated with a jungle life is found in the Sitatunga and
Speke's marsh-buck, which " live in vast reed beds and papyrus swamps, and
only come into the open at night " (Selous). Yet the stripes fade away in

the adults of both sexes. Why is this? Possibly because these animals
depend for concealment, not so much upon coloration that harmonises with
that of the vegetation, as upon .-» newly acquired and tfficient habit of
hiding under the water itself, with only the end of the nose jutting above
the surface (Selous and Ged^e).

^ Compare in this connection the small ears of the orang with the large
ears of the chimpanzee. The former lives a more arboreal and therefore
safer life than the lattc, which requires quick hearing to enable it to escape
(O th^ trees when feeding on the ground.
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beisa lived side by side in the Kalahari, or Peters's palla and the

common species in Rhodesia, there would perhaps be strong reasons

for thinkinp; that the differences in the facial bands, which enable

us to recognise these species apart, serve the same end where the

antelopes are themselves concerned. But the gemsbok and the

beisa, the common and Angolan palla, never cross each other's

path. Again, in cases where the geographical areas of two
forms, closely allied, but distinguishable by bands or patches,

meet, the two forms frequently interbreed; and so falsify the

contention that marks keep like to like.

That ungulates of different sorts herd together is well known ;

we read, for example, of zebras, gnus, pallas, spring-boks and
buffaloes feeding in each other's company on the veldt. But
so distinct from each other in form are these animals and others

that might occur with them, that it is rating their visual powers
very low—much lower, indeed, than our own—to hold that

they require special patches to keep them from committing the

errors of identification which the hypothesis assumes they are

liable to fall into. I believe, then, that the need for recognition

marks in the case of antelopes has been much over-rated,^ and
is too slight to warrant the belief that the facial and other stripes

of, say, the gemsbok or sable have been perfected by their use-

fulness as such. On the other hand, when we see that the

pattern of the zebra is for concealment, that the network of

white stripes on the giraffe blends with the lights passing

Fig. 2.—A, Face of the Beisa ; b, face of the Bontebok.

through the intercrossing branches of trees, that the colour and
shape of the feeding hartebeest are like those of the ant-hills,

all these and other facts attesting the importance of conceal-

ment, we are justified in suspecting that the white blaze of the

bontebok and the facial bands of the gazelles and oryxes are

developed for concealment and not for recognition.

The markings take the form of strongly contrasted bands of

white and black, or brown. Objects bahded in this way are, as

a rule, more, and not less, difficult to see in their natural sur-

roundings than those that are uniformly coloured. There is

little of the gloss on the coat of a grey or white horse that is

seen on a bay or black, because white hair reflects the light less

vividly than dark. Hence alternating bands of these hues im-

part a blurred irregular aspect to a body, destroy the apparent

evenness of its surface and break up the continuity of its outline.

In an uncertain light a zebra's stripes'^ " merge into a grey tint,"

and mutually counteract each other, so that the animal is nearly

invisible.

The stripes on the head of a gemsbok or sable are in a general

way so like those on a zebra's coat that they must, one would

1 If the American prong-buck were an inhabitant of Africa, I presume
that its conspicuous patterns, possibly indeed the unique shape of its horns,
would be cited as evidence supporting the theory of recognition marks.
Biit in the prairies of the United States there are no species that resemble
it in size and form, so as to create confusion as to identity. The species
furnishes a good instance of Thayer's principle.

- Mr. Wallace is surely " putting the cart before the horse " in the
passage where he speaks of the coloration of the zebra as an instance of
a style of marking for recognition becoming also protective.
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think, have the effect of making the head inconspicuous. To
explain the prevalence of .siich marks upon the head and fore-

part of the body, of which t^e quagga furnishes an illustration,

the following suggestions may be made.
Once aware of an enemy's presence, an antelope has three

chances of escape—concealment, flight and self-defence. Con-
cealment is often the wisest course to pursue, especially where
females and young are concerned. For concealment perfect
stillness is of all things most important. Movement means
detection, and detection may mean death. But it is necessary
at the same time for every movement of the enemy to be
scrutinised, so that the right moment for flying may be seized,

when the necessity for flight becomes apparent. For this

purpose the face must be turned towards the enemy and both
eyes be kept upon him. In this watchful attitude little of the
foreshortened body is visible from the enemy's point of view,
and if the head of the antelope be carried low with the nape in

a line with the spine, practically nothing of the animal is

exposed but the head and the fore-legs. Hence the special

importance of protective markings on these parts. ^ Again,
when lying on the ground the body will often be hidden by low
scrub or, if cover be absent, may simulate a mound of earth or

a termite's nest "^
; but the head, if protectively coloured, may

with safety be raised to keep an eye on the surrounding country
and guard against surprise.

The sexual colours of the Tragelaphines still remain to be
touched upon. Darwin believed that the markings of the

kudu, harnessed bush-buck, &c., were in the first instance

acquired by the male, then intensified by sexual selection, and
partially . transferred to the female. Against this hypothesis
may be urged the evidence already adduced in favour of their

protective^ value, and the distinctness they exhibit in the newly-
born or even foetal young. Nevertheless a difference of colour,

small or great, but as yet unexplained, does exist between the

males and females of all the species of the group. It is notice-

able, too, that the deviation affects the male ; that it takes the

direction of nigrescence, but by no means always of beauty, and
that the female adheres to the typical coloration of the group.
There is no evidence, so far as I am aware, that the as-

sumption of a dark coat by the male is connected with any
peculiarity in mode of life of this sex, which would attest its use

for concealment. On the contrary, since the colour—at least,

in the case of the nylghaie {" Descent of Man," p. 535)—be-

comes intensified at the breeding season, without the growth
of new hair, and has its appearance arrested by emasculation,

its significance appears to be purely sexual and the outcome or

accompaniment of " male katabolism." If so, it may have been
intensified and fixed by the exercise of choice on the part of the

females, or by the destruction or expulsion of their paler, less

vigorous rivals by the stronger and darker males, which thus

secured the females for themselves and left the greatest number
of offspring.

It is significant that the three species of antelopes, namely
the nyala, the nylghaie and the Indian black buck, in which the

sexes differ strikingly from each other—differ indeed to an
extent that is equalled by few species of mammals and sur-

passed by none—the female is without horns or other weapons
of defence. This defencelessness, coupled with the exigencies

of maternity, has compelled an adherence on her part to the

normal protective coloration of the group ; whereas the males,

powerfully built and strongly horned, have been able to dis-

pense to a great extent with colours that harmonise with those

of the environment.
Warning characters are rare in mammals ; but the difference

in colour between the bull and cow of the species just mentioned

may conceivably benefit the former at the expense sometimes of

the latter by serving to distinguish him, the horned powerful

fighter and dangerous antagonist when brought to bay, from her,

the weak and defenceless one vvho may be attacked and pulled

down with impunity. Why not ? R. I. PococK.

I Presumably it is for an analogous reason that the tiger has a pair oj

sunlight patches on its face, so that its chances of concealment may be
increased when watching for prey or creeping towards if.

- In the case of the gemsbok, bei<a and some gazelles the black longi-

tudinal stripe passing along the side may enhance this resemblance by
representing the shadow that is often seen where a boulder or mound meets
the soil. The darkening of the coat on this area of the body, such as is

seen, for instance, in the Asiatic wild ass (Kiang), should have the effect of

deadening the light reflected from the bulging flank.
3 Here and elsewhere in this article I have purposely used the word

" protective ' as the equivalent of procryptic or celative, which are less

familiar to geneial readers.
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GFAILOGY AT THE BRITISH ASSOCIATION.
'X'HE geologists had a busy and profitable week at Bradford,
' and an air of business-like application to work pervaded

their meetings from first to last. The programme ought to

have been long enough to satisfy even the most devoted adherent
of Section C ; but apparently there was no sense of satiety,

since on two or three occasions when it was proposed from the
platform that communications should be taken as read, there were
protests raised by the audience, who seemed determined to carry

matters through with true North-country thoroughness, and
wished to hear everything. And indeed it may be said that there

was scarcely a paper in the long list which did not contain scien-

tific matter well worthy of discussion, though it must be acknow-
ledged that in several instances the matter was not particularly

novel. It was only by the strict enforcement of a time-limit upon
readers of papers and debaters, and by sessions on the mornings
of Saturday and Wednesday as well as lengthy sittings on the

other days of the meeting, that the business was got through.

Under these circumstances it was inevitable that some excellent

papers scarcely received full justice ; but the discussions were
nevertheless unusually full of vigour, and what was still better,

entirely lacking in acrimony.
The fine weather of the week, which was so favourable to the

short afternoon excursions, now a recognised and highly valued

feature in the affairs of the section, had probably much effect in

fostering the prevailing good-humour, while the personality of

the president was a strong influence in the same direction,

especially in the discussions.

To particularise all the papers within the space-limits of this

article is mipossible, and we can only attempt to convey a
general impression of the proceedings, with brief reference to the

points of main interest.

On Thursday, as a fitting appendix to the wide-reaching
generalisations of the president's address, already printed in

these pages, we had a series of papers from Prof. J. Joly
dealing with geological problems from the standpoint of the

physicist. In one of these, " On the geological age of the

earth, as indicated by the sodium contents of the sea," Prof.

Joly reiterated the calculations and conclusions which have
recently attracted so much attention in geological circles ; in

another, "On the inner mechanism of marine sedimentation,"

he showed the chemical and physical reasons for the rapid pre-

cipitation of fine solid matter brought down in suspension by
rivers into the sea ; a third of kindred character gave the result

of " experiments on denudation by solution in fresh and salt

water"; and a fourth, which was especially attractive to the

petrologists ana mineralogists, dealt with " the vi.scous softening

of rock-forming minerals at temperatures below their normal
melting point," showing how certain minerals could be observed
to attain a plastic state some time before actually melting.

At the same meeting Prof. W. B. Scott, of Princeton, gave a
highly interesting account, with lantern illustrations, of recent
explorations in Patagonia conducted under the direction of Mr.

J. B. Hatcher. Besides correcting previous errors as to the age
of the deposits, the records and the rich collections of fossils

obtained by this expedition have sufficed to prove a close con-
nection between Australia, New Zealand and South America in

Miocene times, and in several other respects to modify pro-
foundly our previous ideas of South American geology, and
incidentally to show how much geologists have still to learn in

every way from the unexplored tracts of the earth's surface.

On Friday, Prof. J. Milne led off in his usual happy vein
with an account of the year's work of the Seismological Com-
mittee, and was followed by Mr. Clement Reid, who showed
how well-chosen, from geological reasons, was the site for

instrumental observation, by the same committee, of the Upway
disturbance. There then followed a series of papers and reports
on the Mountain-limestone district of north-west Yorkshire and
its underground waters, Mr. S. W. Cuttriss giving an account
of the adventurous exploration of the deep pot-holes and caves
of this district by himself and other members of the Yorkshire
Ramblers' Club, and the Rev. W. Lower Carter and Mr. A. R.
Dwerryhouse presenting the results obtained by a local com-
mittee and by a committee of the Association in the investiga-

tion of the subterranean drainage of the limestone. Being well-

illustrated by lantern slides, these papers besides attaining th^ir

moie direct purpose served to give the strangers an idea of the
general characteristics of the district which was afterwards to be
visited by geological excursion parties. By the use of suitable

chemical reagents the course of the water from its disappearance
in " sink holes " of the limestone to its reappearance in springs

at lower levels has in several instances been traced ; it has been
shown that the main direction of underground flow is along the
ma.ster-joints of the limestone ; and a subterranean watershed of

which there is no mdication at the surface has been traced for

some distance. These experiments are to be continued, and a
grant of 50/. was made by the Association towards this end.

Among other papers taken on Tuesday were two by Mr. E.
Greenly, giving further results of his painstaking researches in

Anglesey. In one of these he dealt with the ancient surfaces or

peneplains which he thinks can be recognised in North Wales ;

the older plain he is inclined to regard as of sub-Carbon-
iferous age, and the later as Mesozoic, possibly Cretaceous.

There was an interesting discussion on this paper, in the course
of which Mr. Greenly acknowledged that his views were only
tentatively held, and might require modification. Dr. G. Abbott
then gave an account of his investigation of the concretionary
.structures of the Magnesian Limestone of Durham, illustrating

his subject by lantern-slides and the exhibition of a large series

of specimens
Saturday's business began with a paper by the President, " On

a concealed coalfield beneath the London basin," in which it

was urged, on data not altogether convincing, that if a boring
were made in the vicinity of Enfield Lock on the Lea, it might
be expected to reach Coal-measures. As a speaker in the discus-

sion remarked, such a boring would no doubt reveal something
interesting, but whether Coal-measures was another matter.

Then followed a paper by Mr. R. H Tiddeman " On the forma-
tion of reef-knolls," which was practically a criticism of Mr. J. E.
Marr's views as to the development of these structures in the

Mountain-limestone of West Yorkshire and Lancashire by earth-

movement, and a reiteration of the author's earlier contention

that they were originally formed as mounds on a slowly sinking

sea-bottom. As Mr. Marr was present to champion his own
cause, the paper was followed by a brisk but friendly discussion,

which was prolonged on a later day in the open air, when some
of the mounds at Cracoe near Skipton were visited by a few
members interested in the subject. No definite conclusion was
reached, but the necessity for further investigation was made
evident, and it was suggested that the truth might lie in a com-
bination of the two hypotheses.

Another paper taken on Saturday was that . of Mr. W.
Gibson, " On rapid changes in the thickness and character of the

Coal-measures of North Staffordshire," in which it was shown that

the areas of maximum and minimum deposit in these rocks cor-

respond respectively with a syncline and anticline, thereby sug-

gesting that local areas of deposit were being marked out by
contemporaneous movements of elevation and depression, thus

fulfilling in North Staffordshire the conditions characteristic of

the Carboniferous rocks of the Midlands generally. These re-

sults have an important practical application, inasmuch as the

unexplored coal-field to the westward, which occupies a syncline,

may thereby be expected to exhibit an increase in the thick-

ness of the strata. At the same meeting, Rev. J. F. Blake
brought forward some revolutionary suggestions in regard to the

registration of type-specimens, among other proposals urging

that a new class of " adopted " types should be recognised and
registered where the original types were missing or inadequate,

and that the type should consist of a single specimen. As Prof.

Blake has now been elected a member of the committee of the

Association at present in existence for furthering the registration

of type-specimens, we may hope that his interest in the matter

may bear fruit.

On Monday there was a crowded audience to hear the joint

discussion with the botanists on the conditions during the growth
of the forests of the Coal-measures. The discussion was opened
by Mr. R. Kidston, who gave a succinct account of the plant-life

of the period, illustrated by fine lantern slides. Mr. A. Strahan

then dealt with the physical conditions, and gave his adherence

to the "drift " as opposed to the " growth-in-place" theory of

the origin of coal-seams, summing up the normal sequence of

events in the formation of a seam as follows :— First, the out-

spreading ofsand and gravel with drifted plant remains ; followed

by shale as the currents lost velocity ; and then a growth of

presumably aquatic vegetation in extremely shallow water into

which wind-borne vegetable dust and floating vegetable matter

was carried ; after which renewed subsidence brought in the

sand and mud-laden currents again and the whole process was re-

commenced. Mr. A. C. Seward followed with a clear statement
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of the Ijotanical evidence bearing on the climatic and other

physical conditions under which coal was formed ; and Mr. J. E.

Marr continued with a general outline of the geological evidence,

laying stress on the peculiar coincidence during the Carbon-

iferous period of a dominant vegetation of giant cryptogams with

extensive plains of sedimentation and suitable climatic condi-

tions. The debate thus initiated was then thrown open to the

meeting and was carried on briskly by numerous speakers, among
whom were Dr. Horace Brown, who gave the result of his

experiments on the growth of plants in an atmosphere contain-

ing a slight excess of carbonic acid gas, and showed a series of

lantern slides illustrating these experiments ; Prof. P. F.

Kendall, who supported the growth-in-place theory for most
coals except cannel-coal ; Mr. R. D. Oldham, who referred to

the absence of seat-earths or under-clays to the seams in the

Indian coal-fields ; Dr. D. H. Scott, Dr. H. Woodward, Dr.

H. O. Forbes, Dr. Wheelton Hind, Dr. Le Neve Foster, Mr.
W. Cash, and others. In winding up this somewhat discursive

debate, which had occupied the whole of the morning, the

president leant strongly towards the growth-in-place theory, and
this view was evidently also in favour with the greater portion of

the audience.

Dr. E. D. Wellburn next gave two papers on the fossil fish

of the Yorkshire Coal-field and of the Millstone Grits. Mr.

J. J. H. Teall, President of the Geological Society, then de-
scribed the plutonic complex of Cnoc-na-Sroine (Sutherland-
shire), and discussed the three possible ways in which it may
have originated, viz. by (i) successive intrusions

; (2) differentia-

tion in situ ; or (3) modification of the original magma by the
absorption of adjacent basic rocks, the conclusion being that the
first method has not in this case played an important part, and
that the second, coupled perhaps to some extent with the third,

has been the main agent in forming the complex. Prof. K.
Busz, of Miinster, followed with a paper on a granophyre dyke
intrusive in gabbro at Ardnamurchan (Scotland), in which it

was shown that the granophyre in question has absorbed a con-
siderable quantity of basic material from the previously consoli-

dated gabbro, and has thereby added hornblende and mica to
its proper constituents. Both papers provoked lively discussion.
Tuesday was essentially the glacialists' day and they made

vigorous use of it, occupying nearly the whole session. Time
was found, however, at the opening for a paper by Miss Igerna
B. J. Sollas, " On Naiadiies from the Upper Rhsetic of Red-
land, Bristol " ; and there was another break at the close, when
Prof. A. P. Coleman, of Toronto, gave an account of the recent
discovery of a ferriferous horizon in the Huronian north of Lake
Superior, where a band of iron-bearing sandstone and jasper has
already been traced for sixty miles in the Michipicoton district,

and promises to be of great value from both the economic and
the scientific standpoints, as it furnishes an easily-recognised
horizon, probably equivalent to that containing the most famous
iron mines of the United States, and afTords an excellent clue to
the stratigraphy.

Of the glacial papers, the first, by Mr. F. W. Harmer, was a
theoretical discussion of the influence of winds upon climate
during past epochs, in which it was sought to restore hypotheti-
cally the distribution of cyclonic and anti-cyclonic areas during
the Pleistocene period, and to explain in this manner the phen-
omena of interglacial periods, which the author believes to
have occurred alternately in the eastern and western continents,
the conditions of comparative warmth and cold during
this period having been local and due directly to meteor-
ological causes. Then followed a series of excellent
papers on the glacial phenomena of the West Riding, by
Dr. Monckman, Mr. E. Wilson, and Messrs. A. Jowett and
II. B. Muff, in which particular attention was drawn to the
former existence of glacially-dammed lakes in the side valleys
draining to the Aire, and to the overflow channels cut by the
streams which had their source in these lakes. The glaciation
of the East Riding was afterwards dealt with in two papers by
Mr. J. W. Stather ; and Mr. R. H. Tiddeman brought forward
evidence proving that the raised beach of Gower in South
Wales, with the bone-beds which rest upon it in the caves, must
be either of pre- or inter-Glacial age, since they are overlain by
glacial drift ; this matter is of much consequence in the corre-
lation of Pleistocene deposits of the unglaciated parts of our
island with those of the glaciated tracts.

At the final meeting on Wednesday morning, Mr. R. D.
• Oldham discussed the mode of formation of the Basal Carbon-
iferous Conglomerate of UUswater in the light of his Indian

NO. 161 5, VOL. 62]

experience, and suggested that it was a torrential deposit
formed on dry land near ihe foot of a range of hills, in a generally ,

dry and hot climate varied by seasonal or periodical bursts of
rain. In a second paper Mr.' Oldham called attention to good
examples of new beach-formation on the shores of Thirlmere
Reservoir, and recommended that a photographic survey should
be made from time to time to record the progress and growth of
this beach. Mr. W. H. Crofts followed with a careful and well-
illustrated account of sections in Glacial and post-Glacial
deposits in a new dock at Hull ; and Mr. A. C. Seward gave a
summarised description of the Jurassic flora of the Yorkshire
coast, with many fine lantern illustrations. Mr. G. W.
Lamplugh afterwards reviewed the evidence as to the age of the
English Wealden series, and supported the long-accepted but
recently questioned view that the whole of the time-interval
between the closing stages of the Jurassic and the commence-
ment of the Aptian is represented.

The reports of committees of research read during the meet-
ing included, among others, Prof. W. W. Watts', on the
collection and preservation of geological photographs ; Prof.

P. F. Kendall's, on erratic blocks of the British Isles ; Dr.
Wheelton Hind's, on life-zones in British Carboniferous rocks;
and Prof. A. P. Coleman's, on the Pleistocene beds of Canada.
The .short afternoon excursions were under the leadership of

Mr, J. E. Wilson, Mr. H. B. Muff and Dr. Monckman, who
were thus able to show in the field some of the phenomena which
they had described in their papers. These excursions were well
attended and much appreciated by the visitors from a distance,
who in this way were enabled rapidly and pleasantly to gain a
grasp of the leading features of the local geology.
A well-arranged temporary museum, under the supervision of

Mr. J. E. Wilson, for the exhibition of specimens illustrating

the papers and the coal-discussion, was located in a large
room adjoining the section room, and was especially serviceable
in enabling those interested in the particular subjects illustrated

to examine the material at their leisure and to compare notes
upon it with the exhibitors. The lantern, so often a source of
annoyance at the sectional meetings, was ably managed through-
out ; and indeed the whole of the local arrangements for the
accommodation of the section were admirably planned and
carried out, the only drawback being that the noise of heavy
traffic on the stone pavement outside was at times troublesome.
To sum up the week's work, it may be remarked that there

was an unusual number of papers dealing with subjects of broad
general interest and therefore well suited for public discussion,

and a scarcity of those detailed studies in stratigraphy or classi-

fication which, though probably of more permanent scientific

value, are ill-adapted for presentation at these meetings ; the
local papers also were numerous and well above the average in

character
; petrology and palseontology were both adequately

represented ; but systematic geology received little attention.

The morning meetings were well attended throughout, but, as

usual, in the afternoons only the devoted nucleus of the section

remained.

ZOOLOGY (AND PHYSIOLOGY) AT THE
BRITISH ASSOCIATION.

'T^HE opening day (Thursday) was devoted to the president's
-'- address in the morning and the reports of various com-
mittees in the afternoon. The reports were as follows :

—

(i) Bird migration in Great Britain and Ireland.—Mr. Eagle
Clarke has completed the extraction of the voluminous records
of occurrences of birds in Great Britain and Ireland from the
periodical literature of 1880-1887. The information thus pro-

vided supplements in a most useful manner the original Light-

house data, and renders it possible for the first time to write an
authoritative history of the migrations of each British bird. Mr.
Clarke begins the series with a summary of details of the various

migratory movements of (i) the Song-Thrush (Tttrdus musicus)
and (ii) the White Wagtail (Molacilla alba).

(2) Investigations at the Naples Zoological Station.—The
utility of the British Association's table was again demonstrated
by the number of naturalists who had occupied it during the

year. Reports on work done there were submitted by Mr. H. M.
Kyle (anatomy of flat-fishes), Mr. E. S. Goodrich (structure

of certain polychaete worms), Prof. W. A. Herdman (Compound
Ascidians), Mr. R. T. Gunther (anatomy of Phyllirhoe and
certain Ccelenterates), Dr. A. H. R. Buller (fertilisation process
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in Echinoidea) and Prof. Ramsay Wright (methods of preserva-
tion of specimens).

(3) Investigations at the Plymouth Marine Laboratory.—The
British Association table was occupied by Mr. A. D. Darbishire,
who investigated the natural history of Pinnotheres and the
myology of Calanus ; and by Mr. W. M. Aders, who studied
the spermatogenesis of CaMenterates.

(4) Index Animalium.—Mr. C. Davies Sherborne has made
great progress in this important work, and the first part of his

catalogue of post-Linna;an names up to the year 1800 is now
ready fur printing.

(5) Plankton of the English Channel.—Mr. Garstang has com-
pleted the five quarterly surveys provided for, and a final report
will he presented at the Glasgow meeting.

(6) Zoology of the Sandwich Islands.—Mr. R. C. L. Perkins
is again at work in the islands, and reports that already the
forests are being extensively destroyed and replaced by sugar
cane. It is fortunate for science that the committee foresaw
this event, and were enabled to begin their investigations before
it was too late. Four parts of the second volume of the
" Fauna Hawaiiensis " have been published during the year.

On Friday, Prof. VV. B. Scott, of Princeton University,

U.S.A., gave an account of the Miocene fauna of Patagonia,
based on an elaborate investigation of the Santa Cruz beds.

The fauna was characterised by the abundance and variety of
Marsupials of Australian type, of Edentates (ground-sloths,

glyptodofis, and armadillos), of porcupine-like Rodents and
primitive Ungulates. There was no trace of tree-sloths and
anteaters, of rats, mice, squirrels, hares and rabbits, or of
carnivorous Eutheria. The place of the latter was taken by
flesh-eating Marsupials, as in Australia to-day. South America
was usually regarded as having no Insectivora, but some of the
small mammals examined by him appeared to belong to this

class. Among the hoofed animals one series was of particular

interest in showing the complete evolution of a one-toed type
from three-toed ancestors. This monodactyle positively " out-

horsed the horse," for even the splints had gone. Yet morpho-
logically it was no horse. It furnished the most conclusive
instance he knew of convergent evolution in widely separated
groups of animals. In conclusion. Dr. Scott showed that, after

the removal of the Miocene barrier, the true carnivora of the
modern fauna, together with the llama, deer, tapir, peccary, and
the hares and rats, immigrated from North America, while the
giant sloths and glyptodons extended their range to the
northward.

Dr. Gregg Wilson exhibited a number of eggs and embryos
of Ornithorhynchus, and described the water-side burrows and
nests made by this lowly mammal. The duckmole protects its

eggs and nest by blocking the passages between the nest and the
entrances with solid walls of earth.

Prof. W. C. Mcintosh communicated (through the secretary)

a paper on some points in the life-history of the littoral fishes,

iri which he discussed the mortality of certain shore fishes at
different stages of growth.

Major Ronald Ross then delivered a formal lecture on
malaria and mosquitoes, dealing more particularly with the
life-history of the sporotoan whose reproduction in the blood is

the cause of malarial fever, and with the part played by the
mosquito Anopheles in transferring the parasite by means of its

so-called "salivary" secretion to the blood of fresh human
hosts. Native children were the chief source of infection, since
their blood swarmed with the parasites. The prevalence of
malaria, however, might be reduced by efficient surface-drainage,
which would check the multiplication of mosquitoes by destroy-
ing the pools and ditches in which their larvoe were developed.

In the afternoon Prof. S. J. Hickson exhibited microscopic
preparations of Dendrocomefes, demonstrating the existence of
micronuclei in this suctorian, and the remarkable fusion of the
macronuclei during conjugation. He advocated the employ-
ment of brazilin with iron-alum as a convenient substitute for

the iron haematoxylin method of staining.

Dr. J. F. Gemmill described the anatomy of the head in
Cyclopean trout embryos. The cerebral lobes are more or less

united, and the trabeculcu cranii are fused together anteriorly,
and bent down below the median eye or eyes. The infundi-
bulum and pituitary body are entirely absent ; the optic nerves
are rudimentary or absent, and the eyes, though provided with
retina and choroid, have no choroidal fissure. In some specimens
the mouth opening is absent, and the lower jaw arch greatly
shortened.
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Prof. R. Burckhardt of Basel communicated two papers on
some causes of brain-configuration in selachians, and on the
systematic value of the brain in selachians. He showed the
profound influence of the position of the eyes and other super-
ficial organs upon the shape of the brain, and advocated the
employment of cerebral characters in the classification of
cartilaginous fishes.

On Saturday, ihe papers were of a more or less physiological
character, as follows :

—

Prof. Marcus Hartog :
" On a peptic zymase in young embryos,"

in which the author announced the confirmation of his discovery
in 1896 of a peptic zymase in young embryos of the frog, in the
entire embryo of the chick after twenty-four hours, and in the
extra- vascular blastoderm of the three days' chick. He con-
cluded that the law holds good for animals, as well as plants,

that the cell cannot directly utilise the reserves it contains, but
only the products of their hydrolysis, and this hydrolysis is not
a function of the living protoplasm, but of the zymases it forms.
These facts also explain apparent exceptions to Herbert
Spencer's law of division at the doubling of the volume. A cell

that is only accumulating reserve material has no need to con-
stantly readjust its surface to its volume. When, however, the
formation of a zymase enables it to utilise its reserves, and its

protoplasm grows at the expense of the products of their diges-

tion, the need for augmented surface declares itself, and we get
the repeated cell divisions so marked in the " segmentation " of
the embryo.

Dr. R. Irvine: "On the me<Jhanical and chemical changes
which take place during the incubation of eggs." Hen's eggs
during incubation lose weight daily, principally through the
oxidation of their carbon and hydrogen, parts of which pass of!"

as CO.2 and H.^O through the shell. The percentage of ash is

increased by absorption of lime from the shell.

Prof. Gotch described some recent experiments on the physio-
logical effect of local injury in nerve which led to the important
conclusion that an electrical disturbance was not always a con-
comitant of the passage of a nervous impulse.

In addition to the above. Prof. Johnson Symington read
papers on the articulations between occipital bone and atlas and
axis in the mammalia, and observations on the development of
the cetacean flipper, and exhibited a convenient hand-magnifier
for demonstrating slide-preparations to . lecture-classes (Erbe,
Tubingen).
The reports of committees on the following subjects were also

communicated:—(i) The physiological effects of peptone when
introduced into the circulation (Prof. W. H. Thompson). (2)

Comparative histology of the suprarenal capsules (Mr. Swale
Vincent). (3) The vascular supply of secreting glands (Dr. J. L.

Bunch). (4) Electrical changes in mammalian nerve (Dr. J. S.

MacDonald). and (5) The comparative histology of cerebral

cortex (Dr. G. Mann).
On Monday, Mr. R.T. Giinther read a note on Mneslra para-

siieSf Krohn, in which he submitted reasons for referring this

parasitic medusa to the family Cladonemidre (Anthomedusje),

owing to its possession of compound tentacles with clavate

appendages and other cladonemid characters.

Prof. L. C. Miall reviewed the respiratory organs of aquatic

insects. He contrasted the slight nature of the adaptations to

aquatic life which are exhibited by adult insects with the re-

markable modifications for the same end which occur in insect

larvae. He explained the difference as probably due to the fact

that profound structural changes in adult insects would interfere

with their powers of flight, which were of importance fur mating
and other purposes. Among larvae there were two piincipal

lines oi modification, (i) specialisation of the spiracular app.i-

ratus by which air could be inspired directly from the atmo-
sphere through the surface film of water, and (2) development
of a ciDsed tracheal system, by which air was extracted from its

solution in the surrounding water. This latter series culmi-

nated in a purely vesicular system, destitute of tracheae,and find-

ing its nearest parallel in the air-bladder apparatus of physoclist

fishes.

Mr. T. H. Taylor described the tracheal gills of S/muii'uw,

whose mode of respiration presented peculiar diflliculties still

unsolved.

Mr. J. J. Wilkinson described the pharynx of Eristalis, and
Mr. N. Walker the structure and life-history of the gooseberry

sawfly.

In the afternoon Mr. Stanley Gardiner opened with the in-

terim report of the committee appointed to investigate the
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structure, formation and growth of the coral reefs of the Indian

Ocean. Special attention was given to the island of Minikoi,

in the Laccadive group. It was clear from their observations

that in this atoll there had been an elevation of the original

reefs to a height of at least 25 feet above low tide level. All

their evidence showed that the lagoons of atolls were generally

formed by the solution of the central rock of originally more or

less fiat reefs.

Prof. R. Burckhardt followed with a paper on the anatomy
and systematic position of the Lcemargidae. He recorded the

discovery of luminous organs in nine species of Laemargidre

and Spinacidns. The affinity of these families of sharks was
further evidenced by his discovery of a cartilage hook in the

dorsal fins of Laemargtis.

Prof. Burckhardt also showed photographs and other illus-

trations of the nestling kagu (Ehinochetus), a rare flightless bird

of New Caledonia.

Prof. R. J. Anderson described the dentition of the seal ; and

Mr. Graham Kerr, on behalf of Mr. G. E. H. Barrett-Hamilton,

exhibited some skulls of Antarctic seals (chiefly Phocidoe) brought

home by the Belgian expedition.

On Tuesday, Mr. N. Annandale exhibited a number of photo-

graphic slides illustrating the appearance and habits of some
Malay insects under natural conditions. One striking series

represented the pupa of a Mantis {Hymenopus bicorjtts) seated on
an inflorescence of the so-called '"Straits Rhododendron"
(Melastoma polyanthuin), a detailed resemblance to which is

brought about by the colour and shape of the insect, and by the

extraordinary attitude which it adopts upon the flower.

Prof. E. B. Poulton also showed a large number of slides,

representing the collections of insects made by Mr. G. A. K.
Marshall in Mashonaland and Mr. R. Shelford in Borneo, as

arranged in the Oxford Museum to illustrate the general prin-

ciples of Miillerian mimiciy. An interesting series of mutilated

butterflies caught at large showed the comparative rarity of in-

discriminate injuries by birds, and the frequency with which
enemies aimed at the conspicuously marked tips of the fore-

wings and at the back of the hind-wings, where tail-like pro-

cesses were so commonly developed, these being just the places

where the bites would be least dangerous to the insects.

Other slides, illustrating mimicry and protective resemblance,

were exhibited by Mr. Mark L. Sykes ; and Prof. Lloyd Morgan
described some recent experiments upon newly-hatched chicks,

which showed that the avoidance of distasteful forms by birds is

not instinctive, but the fruit of experience. Chicks fed for a

time on palatable food placed on black-and-orange banded slips

of glass did not hesitate to attack the distasteful caterpillars of

the cinnabar moth when these were eventually oH"ered them ;

whereas chicks which had been accustomed to associate the same
col.iured slips with bad food refused to attack the similarly

striped caterpillars. These observations provided a sound
experimental basis for the Miillerian theory of mimicry.

Mr. F. W. Gamble described the results of investigations

made by Mr. F. W. Keeble and himself on the colour changes
of various prawns, especially Hippolyte varians, his paper being
illustrated by a series of living specimens as well as by lantern

slides. The prawns adapted their colours to those of surround-
ing weeds ; but, whatever their colour during the day, they
always assumed a characteristic blue colour at night. This
change, in newly-caught specimens, came on at the proper time
quite independently of the darkness, and the morning phase
would be resumed at daybreak, even when the animal was kept
in the dark. After a few days under such unnatural conditions,

however, the periodicity became altered.

A paper, by Dr. ^Eneas Munro, on the locust plague and its

suppression concluded the business of the section.

GEOGRAPHY AT THE BRITISH
ASSOCIATION.

'T'HE work in Section E at the Bradford meeting was some-
what limited in amount, but its quality was in no way

below the average. In fact, the number of " popular " papers
was smaller than usual, while those of a more serious character
predominated. The section was excellently housed in the
Church Institute, and the meeting began with a presidential

address of quite a novel character. Sir George Robertson' took
the British Empire as his text, and laid great stress on the
relative shrinkage of distances by the improvement of means of
communication by land and sea, a fact which in great measure
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neutralised such ill effects as might arise from continuous
expansion of territory.

The keynote struck by the president was geography as the
science of distances, and in unison with it a series of papers
dealt with problems of which distances and means of transport

were the essential features. Mr. E. G. Ravenstein discussed

the question of foreign and colonial surveys in a comprehensive
paper, in which he pointed out the manner and extent of the
official surveys of the chief countries of the world. While recog-

nising that the British Ordnance Survey fell short of perfection,

he considered that its accuracy was not equalled by the maps of

any other country. He strongly urged the adoption of a more
systematic method of surveying in Africa, in many parts of which
the only existing maps were produced by travellers with in-

adequate assistance and many other things to do. In comment-
ing on the paper. Colonel Johnston, the Director-General of the

Ordnance Survey, explained the position of South Africa with
regard to its surveys. He said that a nearly perfect system of

triangulation had been carried out, but this has not yet been
utilised by being made the foundation of a detailed survey.

Mr. B. V. Darbishire read a paper on military maps, with
special reference to the use of the Ordnance Survey Maps in field

manoeuvres.

Colonel Sir Thomas II. Holdich discussed the question of a
railway connection between Europe and India. He considered

the northern approaches to India across Kashmir or the Hindu
Kush from the Oxus valley to be impracticable. On the other

hand there appeared to be no insurmountable difficulty in the way
of a connection by the Hari-rud valley, through which approach

a distance of only 500 miles intervened between the farthest out-

posts of the existing railways, Kushk on the Russian side and
New Chaman on the Indian. The new line would pass by
Kandahar. This line could, in the opinion of the author, be
made to pay by local traffic, and he believed it would strengthen

rather than weaken the defences of India.

Mr. C. Raymond Beazley read a paper, which was largely

historical and statistical, on the Trans-Siberian railway.

Mr. G. G. Chisholm gave a very timely forecast of the prob-

able economic changes which may be expected to result from the

imminent development of the resources of China by modern
methods. These would include, in his opinion :—A rise in

prices in China, especially in the industrial regions ; a demand
for food-stuffs not likely to be supplied by China itself; a great

stimulus to the food-producing regions most favourably situated

for meeting this demand, more particularly Manchuria, Siberia,

and western North America ; and the creation of a tendency to

a gradual but prolonged rise in wheat and other grain prices all

the world over, reversing the process that has been going on
since about 1870.

Mr. Edward Heawood treated of the commercial resources of

tropical Africa, and his paper also partook of the spirit of fore-

cast, his expectations being that Africa will greatly increase in

importance by the cultivation of tropical plantations.

The travel papers which excited the most interest were those

contributed by Mr. Borchgrevink on his expedition to the

Antarctic regions and by Captain II. H. P. Deasy on his journeys

in Central Asia. Both were illustrated by remaikably fine lan-

tern slides. As the facts which they recounted have already

been published, it is unnecessary to summarise them here.

Physical geography occupied a large part of the time of the

section, and, with regard to this part of the work, it is impossible

to refrain from expressing the desire that some arrangement

might be come to with regard to the section in which papers

lying on the borderland between different subject? should be

treated. With regard to meteorology, for instance, might it

not be arranged to read all climalological papers—the essential

principle of which is geographical distribution—at Section E,

and only the theoretical papers or those dealing with instruments

and atmospheric physics at Section A ?

On this occasion the report of the committee on the climate

of tropical Africa, of which Mr. H. N. Dickson is secretary,

was read to Section E, and a remarkable discussion of the

geographical distributions of relative hupidity was presented

by Mr. E. G. Ravenstein to the same section. In this he

said that, notwithstanding the paucity of available material,

he had ventured, in 1894, to publish in Philip's " System-

atic Atlas," a small chart of the world showing the distri-

bution of humidity, and he now placed the results before this

meeting with some diffidence. His charts brought out the

broad leatures of the subject, and to reduce the sources of error
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he had limited himself to indicating four grades of mean annual
humidity, the upper limits of which were respectively 50 per

cent, (very dry), 65 per cent., 80 per cent., and 100 per cent.,

(very damp). The relative humidity over the oceans might
exceed 80 per cent,, but in certain regions (" horse latitudes ")

it was certainly much less, and in a portion of the Southern
Pacific it seemed not to exceed 65 per cent. One chart ex-

hibited the Annual Range of Humidity, viz. the difference

between the driest and the dampest months of the year. In

Britain, as in many other parts of the world, where the moder-
ating influence of the ocean was allowed free scope, this

difference did not exceed 16 per cent., but in the interior of the

continents it occasionally exceeded 45 per cent. , spring or summer
being exceedingly dry, whilst the winter was excessively damp,
as at Yarkand, where a humidity of 30 per cent, in May con-

trasted strikingly with a humidity of 84 per cent, in December.
This great range directed attention to the influence of tem-
perature (and of altitude) upon the amount of relative humidity,

for during temperate weather we were able to bear a great

humidity with equanimity, whilst the same degree of humidity,

accompanied by great heat, may prove disastrous to men and
beasts. Hence, combining humidity and temperature, the author

suggested mapping out the Earth according to sixteen hygro-

hernial types, 2l% follows:—(l) Hot (temperature 73° and over)

and very damp (humidity 81 per cent, or more) : Batavia, Cama-
roons, Mombasa. (2) Hot and moderately damp (66-80 per

cent.): Havana, Calcutta. (3) Hot and dry (51-65 per cent.):

Bagdad, Lahore, Khartum. (4) Hot and very dry (50 per

cent, or less) : Disa, Wadi Haifa, Kuka. (5) Warm (tempera-

ture 58^ to 72°) and very damp : Walvisch Bay, Arica. (6)

Warm and moderately damp : Lisbon, Rome, Damascus, Tokyo,
New Orleans. (7) Warm and dry : Cairo, Algiers, Kimberley.

(8) Warm and very dry : Mexico, Teheran. (9) Cool (tempera-

ture 33° to 57°) and very damp : Greenwich, Cochabambo, (10)

Cool and moderately damp : Vienna, Melbourne, Toronto,

Chicago. (11) Cool and dry: Tashkent, Simla, Cheyenne.

(12) Cool and very dry: Yarkand, Denver. (13) Cold (tem-

perature 32" or less) and very damp : Ben Nevis, Sagastyr,

Godthaab. (14) Cold and moderately damp : Tomsk, Pike's

Peak, Polaris House. (15) Cold and dry. (16) Cold and very

dry : Pamirs.

The actual mean temperature of the Earth amounted, accord-

ing to his computation, to 57° F., and this isotherm, which
separated types 8 and 9, also divided De CandoUe's " Mikro-

thermes " from the plants requiring a greater amount of

warmth.
Mr. Vaughan Cornish described his recent observations on

snow ripples with beautiful photographic illustrations, and Prof.

J. Milne gave an account of the large earthquakes recorded in

1899. Mr. R. T. Giinther described the peculiar character of

the coast of the Phlegroean Fields near Naples, and showed
that by observations of the numerous submerged buildings of

that district it might be possible to determine the date and
duration of the fluctuations of the land and sea level during the

last twenty centuries. The Association subsequently voted a
money grant to assist him in carrying out the researches which he
had suggested.

Dr. H. R. Mill exhibited and described the new insulating

water-bottle designed by Profs. Pettersson and Nansen, and
made by Messrs. Ericsson, for obtaining water-samples from any
desired depth and bringing them up without change of tempera-

ture. The new apparatus was tested by Prof. Nansen last

August on board the Michael Sars in the North Atlantic, and
found to be completely satisfactory.

Dr. Mill also read a paper on the treatment of regional

geography, in which he laid down the general principle that the

fixed conditions of the land surface had first to be described,

and then the mobile distributions, which were modified by the

fixed forms. As an example, he dwelt at some length on the

configuration of a section of the South Downs and the effect of

this configuration in determining the distribution of rainfall in

the district, a problem which he hoped to treat in greater detail

at a future date.

Mr. J. E. Marr described the typical land form known as a
moel, with special reference to the forms it assumed when
dissected by sub-aerial erosion.

Two educational papers of much interest were read. One by
Mr. T. G. Rooper dealt with the progress made in teaching of

geography in the elementary schools of the West Riding since

1883. He illustrated it by the exhibition of a series of remark-

able relief models on different scales produced by school teachers

and used by them in their regular work. Some of these were
of typical features, such as the Red Tarn, to typify a mountain
lake, others of the actual school district taken from the Ordnance
map, and others, on a small scale, of large parts of the country.

The second paper was by Mr. E. R. Wethey, who gave a demon-
stration of his method of teaching commercial geography by the

use of lantern maps, diagrams and pictures, a large number of
which, in novel and striking forms, he showed upon the screen.

Educational questions have always occupied a considerable

share of the time of Section E, and the committee very cordially

supported the proposal to recommend the Council of the Associa-

tion to form a new Section for the discussion of education in a
more complete and technical manner than could be secured in a
gathering of votaries of one isolated branch of science.

UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Oxford.—Mr. E. S. Goodrich has been elected to a fellow-

ship in natural science at Merton College.

Cambridge.—In his annual address to the Senate at the

opening of the term, the Vice-Chancellor announced that the

Benefactor Fund amounted to 55,000/., and that the Squire

Trustees had agreed to contribute 15,000/. towards the erection

of the Law School. The plans for the Botanical and Medical
Departments have been approved, and building will shortly

commence ; but fresh benefactions are still needed to meet the

urgent demands for further accommodation.
The new Department of Agriculture, under the able guidance

of Prof. Somerville, is now well started. The funds at its dis-

posal have enabled it to secure an efficient staff, and it is pro-

vided with an excellent experimental farm. The University

has sought to encourage the study by establishing a special

amination in agricultural science for the B.A. degree.

Dr. L. Humphry has been appointed assessor to the Regius

Professor of Physic ; Sir G. G. Stokes and Prof. Darwin electors

to the Isaac Newton Studentship in Physical Astronomy ; and
Dr. Tatham an examiner for the diploma in Public Health.

Mr. Leathem (St. John's) and Mr. Grace (Peterhouse) have
been appointed moderators, and Mr. Whitehead (Trinity) an
examiner, for the Mathematical Tripos.

Rooms for work in clinical pathology, bacteriology, &c., have

just been erected by the staff and presented as a gift to Adden-
brooke's Hospital. They will be open for work, under the

direction of Prof. Sims Woodhead, during the present term.

At Emmanuel College a research studentship of 100/. has been

awarded to Mr. J. Mellanby. Grants have been made from the

studentship fund of 60/. to Mr. G. F. Abbott, and of 40/. to

Mr. D. G. Hall. At Queen's College the Rev. C. H. W. Johns
has been elected to the office of lecturer in Assyriology.

Mr. C. R. p. Andrews, of St. John's Training College,

Battersea, has been appointed first principal of the new Govern-

ment training college to be opened at Perth, Western Australia.

Dr. Samson Gemmell, of Anderson's College, Glasgow, has

been appointed professor of clinical medicine in the University

of Glasgow, in succession to Prof. McCall Anderson.

Dr. Cullis, professor of mathematics at the Hartley College,

Southampton, has been appointed professor of mathematics at

the Presidency College, Calcutta.

Mr. J. F. Hudson, late lecturer in mathematics at Jesus

College, Oxford, has been appointed professor of mathematics

at the Hartley College, Southampton.

Mr. J. Stuart Thomson, formerly demonstrator of zoology

at the School of Medicine of the Royal Colleges, Edinburgh, has

been appointed lecturer in botany and zoology at the Municipal

Science, Art and Technical Schools, Plymouth.

The School of Engineering of Columbia University, New
York, announces a new course of study dealing with the con-

struction of automobiles, self-propelling road engines and
railway cars.

Prof, Goss has been made dean of the Engineering Schools

of Purdue University, Lafayette, Ind., and Prof. L. C. Glen, of

South Carolina College, has been appointed to the chair of

geology in Vanderbilt University,

Mr. Percy H. Foulkes has been elected first principal of

the Harper Adams College, Newport, Salop. He will enter
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upon his duties on January i, 1901, soon after which date the

college will, it is expected, be ready to receive pupils.

At a general meeting of Convocation of the University of

London, held on Tuesday last, the following were elected to serve

as members of the Senate under Section i?. of the statute of the

reconstructed University :—Mr. John Fletcher Moulton, Dr. J. D.

McClure, Sir A. Kaye RoUit, Dr. T. B. Napier, Dr. J. B. Benson,

Dr. T. L. Mears, Sir H. H. Cozens- Hardy, Dr. T. Barlow, Mr.

J, F. Payne, Sir Philip Magnus, Dr. S. Bryant, Dr. C. W.
Kimmins, Dr. F. Clowes, Prof. Silvanus Thompson, Dr. F. S.

Macaulay, and Mr. J. W. Sidebotham.

During the past week very many addresses have been de"

livered to students at the opening of the winter sessions of the

various science, technical and medical schools in London and

the provinces, in the course of which much excellent advice has

been given. An article dealing with some of the utterances

made to medical students is to be found in another part of the

present issue. In this column we refer, and only very briefly,
j

to two addresses given to students of other branches of know-

ledge, viz. those by Sir Alexander Binnie at the opening

of the Central Technical College, on October 2, and by

Prof. Le Neve Foster at the distribution of medals, prizes,

&c., to the students of the Royal College of Science, on

October 4. The subjects chosen for their addresses by both

speakers were well suited to the occasion, and should prove

of much service to the audiences who listened to them.

Prof. Foster took as his topic "Common Sense," in the course

of which he referred to the remark of Prof, Huxley that science

was organised common sense, and the two or three years'

training in science which students received at the college was,

therefore, simply training in ordinary common sense. If they

wished to succeed in any calling they must exercise the faculty

of thought. It was difficult to realise that times were changing,

but change was everywhere taking place, and they must throw

aside the idea that m the production of British manufactures the

methods that had come down to them from their forefathers were
necessarily the best. In Lancashire it was said that what Lan-
cashire did to-day Great Britain would do to-morrow. They might

say that what the scientific man did to-day the manufacturing man
would do to-morrow. The laboratory experiment of to-day was,

in fact, the manufacturing process of to-morrow. But if the student

desired to take an active part in the improvement of the indus-

trial life of the country and of manufacturing processes, he must
work hard and not place too much reliance on his teacher. All

that the professor could do was to give the student a general

ground-work upon which afterwards by his own experiments he
could build up his frame- work of knowledge. Sir A. Binnie in

his address contrasted the advantages which students of to- day
have over those educated in the middle of the present century,

and urged upon his hearers not to confine themselves merely to

the curriculum of study laid before them, or to take too narrow
a view or devote themselves exclusively to one particular branch
of learning. The aim of the speaker was to impress upon his

audience that to be a true student of science the mind must be
opened out and widely cultivated by observation to grasp every

detail, as it often occurs that it is among the almost unnoticed
minulise of a particular science that those wonderful correlations

that lead in the future to wide results are to be found. He
spoke of the necessity of acquiring a wide and broad view of the

subjects which should engage the student's attention for the

reason that he felt that education could only be complete when
studied as a whole, and the beauty of all the different sciences

brought clearly before the mind. Further, one can never tell,

when entering upon active work, into what avenues or by-paths
of practice he may be led, and to illustrate this Sir A. Binnie
referred to his own experience. He also urged upon his hearers

to study the history of their profession, and of the various dis-

coveries which have been made in the different branches ot

science to which they would apply themselves. Altogether the
students are to be congratulated upon the helpful advice tendered
to them.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, October 1.—M. Maurice L^vy in

the chair.—On the absorption of free oxygen by normal urine,

by M. Berthelot. Normal urine absorbs free oxygen in amounts
larger than those corresponding to the solubility of oxygen in
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water. The acidity is not altered by the absorption.— Remarks on
the acidity of urine, by M Berthelot.—On the distribution of the

horizontal component of the earth's magnetism in France, by
M. E. Mathias. As the result of work spread over a period of six

years in the neighbourhood of Toulouse, it was found that a very

simple formula would combine the results of all the observa-

tions, namely : AH= - i'26 {£>. long.) - 7*42 (A lat.), in which
aH was the difference between the measurement for an element
at a place X and that of the corresponding element at Toulouse.

It was further found that the above formula applies to the

whole of France.—On the selenides of nickel, by M. Fonzes-

Diacon. Nickel leaflets heated in a current of nitrogen

carrying small quantities of selenium vapour give cubical

crystals of a selenide of the composition NiSe. Another
selenide approximating in composition to Ni3S4 is obtained by
heating anhydrous nickel chloride in a current of hydrogen
selenide at a dull red heat. At 300° C. the diselenide NiSg
is obtained as a greyish-black, friable mass. All these pro-

ducts heated to a white heat in a current of hydrogen give a
sub-selenide, NigSe.— Oxycelluloses from cotton, flax and hemp,
by M. Leo Vignon. Purified fibres of various textile material

were submitted to the oxidising action of hydrochloric acid

and potassium chlorate ; the yield in all cases was the same,
about 70 per cent.

;
phenylhydrazine furnished the same

osazone. Small differences were observed in the reducing

powers of the oxycelluloses from different sources.—On the

mutability of Oenothera Lamarckiana, by M. Hugo de Vries.

This furnishes an example of the rare phenomenon of a

state of mutability in a pure species. The new
species appears suddenly without preliminary or inter-

mediate stages ; the transformed individual shows all the

characters of a new type, although the parents .and grand-
parents are absolutely normal. The seeds of the transformed

individuals give rise to the new type only, no tendency being
observed to revert to the characters of CE. Lamarckiana.—On
the Eocene of Tunis and Algiers, by M. L. Pervinquiere.—The
ravine of Chevalleyres and the retrogression of torrents, by M.
Stanislas Meunier. Attention" is drawn to the mode of forma-

tion of this col, the size of which would appear out of all pro-

portion to the small stream to which the ravine is undoubtedly
due. The transfer of rock masses, and other effects usually

ascribed to glacier action, may be traced to this torrent.— Ob-
servations of a meteor which fell on the evening of September
24, by M. Jean Mascart. The meteor, the nucleus of which
was star-like and very bright, was seen at 10.16 p.m. on
September 24 between Meudon and Bellevue.
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fl Great

Book-

II Great

Bargain.

Do pou realise lubat tl)e

encpclopaeaia Britantiica 1$ ?

No book exists which is at all to be compared

with the Encyclopaedia Britannica, The editors

Intended to embrace all knowledge in their Ninth

and monumental Edition of the great national!

library, and indeed the whole of the world is covered
j

in its 22,000 pages and illustrated in its 338 full-

page plates, its 671 maps and plans, its more than

9,000 other illustrations. But this generous ac-

ceptance of the magnitude, the merely physical mag-
nitude, of their task was not all, was not the best part oV
their plan for achieving it. The information contained in

the work was to be concise and brilliantly handled, as well as

full and universal, and it was also to be the best obtainable,

finest fruits of modern scholarship and research, so that the work
might be at once a book of reference and a collection of exhaustive

and brilliant treatises, so that it might interest and inform the gene-

ral reader, and at the same time satisfy the specialist in any branch.

The editors gained their end in the only way by which it could

reached, by acquiring the services of the highest authorities of the age.

Even those who know the book well, and are accustomed to the brilli-

ance which characterises its articles (they number 16,400), are always"

freshly astonished when they are reminded of the world-wide celebrity of

1,100 contributors who made the Encyclopaedia Britannica " the Greatest Worr
in the world." Wherever one looks one finds the work of men whose authority

is acknowledged the world over, men who not only have full knowledge of their''

subjects, but also have themselves furthered by their own original researcher

the science or the art of which they treat in the Encyclopaedia Britannica. Lore

Kelvin, Sir Robert Ball, Lord Rayleigh, Sir William Crookes, Sir Archibald

G-eikie, Sir Norman Lockyer. Professor Dewar, Professor Ray Lankester, Sir

Frederick Abel in science, Swinburne, Sir Richard Jebb, Sir George Macfarren,

Andrew Lang, Austin Dobson, William Morris, John Morley, Mrs. Humphrey War
Sir George Reid, W. E. Henley, George Cable, Matthew Arnold, Robert Louis Steven-

son, in music, arts, and letters ; such names are not only names for to -day, the words

of such writers will always carry with them an authority which no mere expert, how -

ever well informed, could claim for his. The work of such contributors is hardly to

measured in terms of money, yet one may admire the far-sighted generosity of the

publishers who willingly paid away more than £60,000 for the manuscript alone. And if

"

to this be added the cost of paper, type, illustrations, and binding worthy of such matte:

it appears that the Encyclopaedia is the most costly book ever offered to the public,

this is the book which you may now have for less than half the regular publishers' price.

[See Next Page.
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Do pou Realise tDat tbe Book is a

Book Tor you?

Whatever may be your profession, what-
ever may be the nature of your interests

and the direction of your ambitions, you
will find in the Encyclopaedia Britannica
much to help you at your work, to forward'
you in your hobby, to encourage you in your
ambitions. No man, however wide may be
his activities, however quick his under-
standing, can satisfactorily live off his own
personal experience. The Encyclopasdia
Britannica takes the reader over the whole
world, giving him the experience of others
who have travelled further afield or whose
path in life has fallen in other places. It

is a book calculated to appeal to everyone,
and since it has been brought within the
reach of everyone, it is interesting to remark
what a comprehensive list is to be made
from those who have purchased " The
Times" Reprint. The fifty-two peers in-

clude Lord Salisbury ; there are 20 bishops,

and 80 officers in the Army and Navy,
starting with Lord Roberts. Mr. Kipling is among the long list of authors, and the late Lord
Russell appears in the roll of judges. Finance and manufacture are represented by some of

the biggest names. Such a hst shows in what respect the Encyclopaedia Britannica is held
by the most distinguished men in the country. But there is another list which may be
made, a list no less significant, for it shows how the work is rated by those who still have
their way to make. There are clergymen who are not yet bishops (sixty out of the first

thousand subscribers to the Daily Mail offer were clergymen), officers who are not yet
generals, lawyers, doctors, engineers, architects, who still have names and a fortune to make.
Perhaps you think that these professions account for most of the names upon the registers,

but this is not so. Manufacturers, men engaged in business of every sort, accountants, lancl

agents, auctioneers, Government inspectors, make up a total as great as that of the learned
professions. The man of business is no less keen to possess a book which may be of

practical use to him. The third highest figure in the list belongs to merchants. They are
followed by manufacturers and managers in every sort of works, iron foundries, chemical
works, cycle manufactories, breweries, lace factories, collieries, boot and shoe factories,

cotton mills, laundries. The appeal of the book to practical men, moreover, could hardly
be better exemplified than by the number of farmers and market gardeners who are down
among the subscribers.

in the last announcement in which we put before readers of Nature the unique offer of
the great library, we attempted to suggest the grasp, the fulness, the brilliance which
characterises the scientific side of the many-sided book. The contributors whose names we
mentioned (such names as Lord Kelvin, Sir William Crookes, Professor Newton, Professor
Ray Lankester, Sir Robert Ball, Sir Archibald Geikie, Sir Norman Lockyer, Lord Rayleigh,
Professor St. George Mivart, Professor Dewar) are much more than experts fully equipped
with information, they are men who have not only written the history of their various
branches, but also helped to make that history by their own original researches. They are
men whose names are not only for to-day. It was on such a noble scheme that the editors

prepared the whole of the famous 9th Edition. In every department of knowledge they
claimed the services of men who were making history, of original thinkers. There is a very

jl Book tbat can neuer a^ain be sold on sucD

extraordinarp terms*
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il Book tl)att if pou are to d^t It iphile It 1$ to

be bad so easllp, pou must secure at once.

real sense in which the Encyclopaedia Britannica may be called a " practical book." Very
rarely in the history of learning could such a collection of talent be matched. The contribu-
tors were men who could speak with the authority of Discoverers, setting forth in every
province of knowledge the new spirit of the age. For if in the Encyclopaedia Britannica we
have the best fruits of the new learning in science, so also we have the new movement in

decoration set forth by Marris, the contemporary admiration for Elizabethan drama in the
work of Mr. Swinburne, the new founder for the period of the Renaissance presented by no
less an authority than John Addington Symonds. All the collected learning of the past is in the

pages of the EncyclopEedia Britannica, and there also in its fulness is the
new knowledge which most men only half know, the new point of view
from which we are ready to see things if only we may have authoritative

direction. Such direction is to be found on every subject in the Encyclo-
paedia Britannica. For the editors went the way to make not only a work
of reference, fit to answer a question, but also a collection of treatises

covering the whole world. That no book of reference has ever been put
together by such authorities as made the Encyclopaedia Britannica " the
greatest work in the world " goes without saying. 6ut it is equally true

that no man, even if he could gather from the ends of the earth the best text books written

on every subject, could make a library at all to be compared with the Encyclopcedia
Britannica. The charm and usefulness of the Encyclopaedia Britannica is that its possessor

has not only his own subject brilliantly treated to refer to, but everybody else's subject at his

service, and the naturalist may read Sir Richard Jebb upon some classical point with as much
confidence as he would turn to the contributions of Professor Cayley if he were a mathema-
tician. It is, in fact, a book calculated to interest everyone, and especially those to whom
the scientific method, as it is used by the greatest men, appeals strongly.

Do pou Realise tbe Bargain Otferea you?
The arrangement effected between the Daily Mail and " The Times " in the matter of

"The Times" Reprint of the Ninth and latest Edition of the Encyclopaedia Britannica,

makes it possible to put before the pubhc a bargain unprecedented in the history of book-
selling. An invaluable work, a complete library, which everyone desires to possess, is offered

at less than half the published price. That is the first point in the remarkable bargain. The
second point is this—that the price, the ** less than half-price," need not be paid at once ; it

may be paid in small monthly instalments of 12s. each. But there is a third, and most im-

portant, point in the bargain. It is this. Although you need not pay the price all at once,

you get all the 25 volumes at once, for they are sent you entire upon receipt of a preliminary

payment of 5s. For the sum of 5s., therefore, the 25
volumes of *'The Times" Reprint of the Encyclopaedia
Britannica is put into your hands to use from A to Z.

While you and your household are enjoying the possession
of the work, you complete your purchase by sending in

monthly payments of 12s., and when the purchase is com-
pleted you will have paid something less than half the price

which the publishers put upon exactly the same book. Is

this not a unique thing in book-selHng ? The novel arrange-
ment places the great national library well within reach ; it

is no longer an unattainable treasure, it is no longer a work
which necessitates a journey to a public library for the man
who would consult it. The Encyclopaedia Britannica may
now be, where such an invaluable treasury of all knowledge
should be, at everyone's elbow. And you may have it at

your elbow, for constant reference and study, by spending
the small sum of 12s. a month, which means saving from
your other expenses a little less than 6d. a day.

An Enquiry Form is given on tlia next page.

The 25

Handsome

Volumes

in tbe

Special

Cak-Case.
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Specimen Volumes, Bindings and Bookcase can be seen, and full details obtained, at the loilowing places:

LONDON. PROVINCES.
NEAR BOUVERIE ST., FLEET ST.
" Daily Mail" Office

("Encyclopaedia " Dept,), 4, Harms-
worth Buildings, Tallis Street.

NEAR THE BANK.
Messrs. Cramer & Co., Ltd., 46-40,

Moorgate Street, E.C.

NEAR MARK LANE.
Messrs. Eyre & Spottiswoode,
Id. Leadenhall Street.

NEAR CANNON STREET STATION.
Messrs. William Dawson & Sons,

Ltd., 121, Cannon Street, E.C.

WEST END.
Messrs. Cramer & Co., Ltd., 207 &
209, Regent Street, W.

NEAR CHARING CROSS.
Messrs. William Dawson & Sons,

Ltd., 23, Northumberland Avenue.

MANCHESTER.
Messrs. Forsyth Brothers, 126 &
128, Deansgate.

CARDIFF.
Messrs. Daw^son, Hayes Buildings,
Working Street.

EXETER.
Messrs. Dawson, 22, Gandy Street.

LEICESTER.
Messrs. Dawson, 73, Halford St.

Do 3^ou Realise tbe Deed ror l>a$te ?

We want you to realise that what we are telling you is absolutely true, and what we are telling

you and have told yoti before is just this, that ifyou wish to make sure of not missing this great
ot)portunity that we are giving to you you must make haste, you must send in your order promptly.
You will realise at once the need for haste when we tell you that in the first place the present offer

can remain open only for a limited time, and only a limited number op sets can be sold on these

present terms. Judging from the very large demand that has already been made for sets of the

Encyclopaedia Britannica upon the Daily Mail terms, the limited space of time will be still further
limited by the fact that before the date upon which this offer must be withdrawn has been reached, the

limited number of sets will have been taken tip. It is not only that after the date upon which this

offer must be withdrawn we shall not be able to accept any orders, but that also {and this promises to

be long before that lime), after we have accepted an order for the last set of which we can dispose.

all other orders will be too late. These
that ifyou wish to be in time you must
should like you to be able to come up to

where you can see for yourself, handle^

paedia JBritannica, where you can see the

the revolving bookcase, which has been

and is sold to them at an extremely low

fuller details of the bargain offer now
in any advertisement. But if you are

plain facts will surely make you realise

make haste. Of course, in every case we
one of the many offices that we have opened
and read, the volumes of the Encyclo-

different bindings, where you can see

specially manufactured for subscribers

price, and where also you can obtain

made to you than we can possibly give you
unable to make it convenient to callyou

can obtain equally full information, by using our Enquiry Form, or by sending us a post card, in both

cases the cost being to you only a halfpenny, and you may fully rely upon the information which will

be conveyed to you by the illustrated prospectus of the Encyclopaedia Britannica, this prospectus
containing not only an account of the book, but facsimile pages, extracts from numerous articles, and
si>eciniens of the coloured plates, maps, and other illustrations. In fact, this illustrated prospectus
may very well be termed a " sample book.'''' Every statement in it you may rely upon as being an
under, rather than an over statement of the facts. Of this we feel so sure that we know that when
you receive your books you will be astonished at three things : you will be astonished that we have been so

moderate in what we have saidabout them,you will be astonished atfinding them an even more valuable
and handsome possession than even you expected them to be, and, above all, you will be amazed that

you have been able to acquire this book, not only at such an extraordinary bargain price, but upon an
equally extraordinary and convenient system ofpayment.

ENQUIRY FORM.
To be sent to the "DAILY MAIL" OFFICE.

Please send me the Illusiraied Prospectus of the '^ Encyclopedia Britannica,''^

orderform, and full details of the ^^ Daily Mail" offer, and provisionally reserve

me a set of the Volumes.

[Name']

[^Address]-

This Enquiry

Form can be seat

in an open Enve-

lope wltli only a

Halfpenny stamp

Please address to the *'Wml^ /IftaU " {''ENCYCLOPAEDIA" DEPARTMENT),
4, Harmsvvorth Buildings, Tallis Street, London, E.C.

A full description of tlie Book is given in tlie preceding pages.

I'RINTED BY RICHARD CLAY ANB SONS, LIMITED, LONDON
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THE SUBORDINATION OF THE INDIVIDUAL
TO THE WELFARE OF THE SPECIES.

The Foundations of Zoology. By William Keith Brooks,

Ph.D., LL.D,, Professor of Zoology in the Johns
Hopkins University. Pp. viii + 339. (Columbia Uni-

versity Press. New York : The Macmillan Co.

London : Macmillan and Co., Ltd., 1899.)

THIS volume forms the fifth of the Columbia Uni-
versity Biological Series edited by Prof. H. F.

Osborn and Prof. E. B. Wilson, and it is appropriately

placed beside the well-known earlier memoirs which deal

with historic, phylogenelic and ontogenetic evolution.

The traditions of the series are sufficient warrant for

the admirable editing, printing and general appearance

of the volume.

The author arranges his work in fourteen chapters

corresponding to thirteen lectures, the sixth being divided

into two parts. The subjects which follow the intro-

ductory lecture are " Huxley, and the Problem of the

Naturalist," " Nature and Nurture," " Lamarck," " Mi-

gration in its Bearing on Lamarckism," forming the titles

of the second, third, fourth and fifth lectures. The sixth

deals with " Zoology and the Philosophy of Evolution,"

and its second part with the views of Galton and Weis-

mann. "Galton, and the Statistical Study of Inherit-

ance" is the subject of the seventh, and "Darwin and

the Origin of Species" that of the eighth lecture, the

subjects of the remaining lectures being " Natural Selec-

tion and the Antiquity of Life," " Natural Selection and
Natural Theology,'' " Paley, and the Argument from

Contrivance," "The Mechanism of Nature" and " Louis

Agassiz and George Berkely." The titles are quoted in

full, inasmuch as it will be recognised that the author's

arrangement is unusual, both as regards treatment and

the choice of some of the subjects. The same observa-

tion is true of the separate lectures : we everywhere

meet with interesting views and modes of statement

which are individual and original, and evidently repre-

sent the deep personal convictions of the author upon

subjects to which he has devoted much time and thought.

It may be questioned, however, whether the printed

lecture is not an inconvenient form in which to address

a wider audience than can be gathered in any hall or

theatre. The spoken lecture is the best of all forms of

communicating ideas, because we have the speaker's

personality associated with his thoughts. But the form

of a lecture is in large part determined because its sub-

stance is conveyed so easily and rapidly by speech and
hearing. The same idea must often be repeated in

diflferent words, in order that it may be grasped and
remembered before passing to others ; and an argument

may, and often should, be drawn out and enforced at a

length which would be unnecessary and even tedious in

a printed memoir. The lecturer has the great advantage

that he can omit or expand according as he realises the

extent to which his audience is in touch with him.

When ideas are conveyed in print, the conditions are, of

course, entirely different. When the reader does not

fully understand, he can pause and reflect, and can read
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again without losing the sequent ideas. Hence the form
can, and should, be far more terse and condensed, and
the argument does not need the same enforcement, while

the repetition so necessary in a lecture is apt to become
irritating.

Allowing for these qualities, which are essential to a
lecture, the chapters are most interesting and stimulating.

In estimating the life-work of Huxley, the author

rightly places in the foreground the great and successful

struggle for intellectual liberty.

" To what nobler end could life be devoted than the
attempt to show us how we may 'learn to distinguish
truth from falsehood, in order to be clear about our
actions, and to walk sure-footedly in this life.' If he has
succeeded, and every zoologist who is free to follow
nature wherever she may lead is a witness that he has
succeeded— if, as the end of his lifelong labour, intel-

lectual freedom is established on a firmer basis—this is

his best monument, even if the man should quickly be
forgotten in the accomplishment of his end. No
memorial could be more appropriate than the speedy
establishment of that intellectual liberty which is not
intellectual licence on a basis so firm that the history of
the struggle to obtain it shalU become a forgotten
antiquity" (p. 35).

Space prevents further allusion to the interesting

criticism of Huxley's philosophy, and the statement of

the particular parts of it which have proved to be of the

highest value to the author.

"The interminable question whether ' acquired charac-

ters ' are inherited " is not directly attacked by the

author ; but it is indirectly attacked in an extremely

interesting and effective way. Granted that such inheri-

tance is possible, the author inquires how far it is of

value in accounting for the facts of natural history, and
concludes that it is of no importance. The third lecture

especially deals with this subject, although it recurs in

various places throughout the volume. The discussion

opens with a most appropriate reference to the teachings

of Aristotle.

" Herbert Spencer tells us that the segmentation of the
backbone is the inherited effect of fractures, caused by
bending ; but Aristotle has shown (' Parts of Animals,'
I., i.) that Empedocles and the ancient writers err in

teaching that the bendings to which the backbone has
been subjected are the cause of its joints, since the thing
to be accounted for is not the presence of the joints, but
the fitness of the joints for the needs of their possessor.

It is an odd freak of history that we of the end of the

nineteenth century are called upon to reconsider a dogma
which was not only repudiated two thousand years ago,
but was even then antiquated."

The writer warns us that the tendency of exclusive

laboratory teaching may be to lead us to forget Aristotle's

principle ; and he devotes the whole of this most im-

portant chapter to the demonstration, from the discussion

of numerous e.xamples, that the problem of fitness is the

real problem which confronts the naturalist, and that it is

entirely untouched by the explanation of nature as

inherited nurture. The chapter concludes with a most

convincing reply to the opposing arguments of an English

writer. The author unfortunately omits a reference to the

publication from which he quotes. The same omission is

to be noted in other cases, as in the quotation from

Agassiz on p. 16.

C C
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In the chapter on Lamarck a powerful argument is

derived from " adjustments to the life of other beings than

the ones which exhibit the adjustment," such as the

poison-fang or sting, which are valuable to the possessor

because of their effect on other species. The author

finds " the production of adaptations of this sort by the

inheritance of the beneficial effects of use, or in any way

except by selection, quite unthinkable." Henslow's

volume, "The Origin of Floral Structures through Insect

and other Agencies" (Internal. Scientific Series) does

not appear to be known to the author, although by a few

well-chosen examples he shows the futility of the sup-

posed origin which is therein suggested.

"For all I know, the Lamarckian may claim that the

visits of insects have, in some way, modified the flower,

to its own good, by their mechanical action, by pulling

down this part, and by pushing up that, generation after

generation, until they have caused adaptive modification

in the flower. I do not know how much his ingenuity

may be able to make out of this hypothesis ; but no one
can believe that the hooks and spines, which are so

obviously adapted for distributing burrs and seeds, by
fastening them to the fur of passing mammals, have been
produced by the inheritance of the effects of this sort

of mechanical contact ; for these structures do not come
into use until they are dead ; and, most assuredly, dead
things cannot transmit 'acquired characters' to their

descendants. When a drop of rain or dew falls on the

dead, dry, twisted glume of the animated oat {Avena
sterilis), it untwists in such a way as to push like the leg

of a grasshoper, and, raising the seed, to send it off with

a jump. After the seed has fallen, this process is repeated
again and again, until the heavy end, where the seed is

placed, falls at last into some roughness in the ground,
when the glumes begin to kick and to struggle, and,

catching in the grass and roots, or on the rough ground,
to push the seed down and to plant it. The seed is

alive, but the glumes are dead and dry, and as com-
pletely out of the line of descent to future generations as

the dead leaves which drop from the tree."

This quotation illustrates the very effective manner in

which the Lamarckian principle is dealt with. In certain

striking cases it is shown to be obvious that the hypo-

thesis of Lamarck cannot supply an explanation, while

selection offers a probable solution. At first sight these

examples may appear to be exceptional and rare, but

the author shows us that

" all the adaptations of nature are of this sort. In all

cases, the structure, habits, instincts and faculties of

living things, from the upward growth of the plumule of

the sprouting seed to the moral sense of man, are

primarily for the good of other beings than the ones
which manifest them."

In support of this conclusion, the evidence of "the

insignificance of the individual, as compared with the

welfare of the species " is marshalled and illustrated in a

peculiarly convincing and striking manner. Of all the

examples, the most wonderful is certainly that of the

queen-bee in her relation to the other members of the

royal family and to the hive. A hive requires a queen,

but would be disorganised by the presence of more than

one queen at the same time. Until the queen-mother

has led out a swarm, the workers will not permit a young
queen, although mature, to leave her cell. In order to

preserve her from the reigning queen, she is walled up

with layers of wax and fed through a small opening.
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When swarming has occurred, a young queen is allowed

to escape : she in her turn is impelled to kill the rest of
the royal brood, but is prevented by the workers. Later
on in the season, however, when it is no longer possible

to swarm, the attitude of the workers entirely changes,
and they now " incite her to destroy her rivals." And
here we meet with a most wonderful adaptation. It is

obvious that any royal larva may, under certain circum-

stances, benefit the hive by producing a reigning queen,

or, on the other hand, under different circumstances,

may be killed in order to prevent a danger to the com-
munity. The instincts of the royal larva are such that it

prepares beforehand for the latter alternative, and facili-

tates its own murder without inconvenience or danger to

the queen, by spinning an incomplete cocoon which ex-

poses the soft abdomen to the sting. Darwin pointed

out in the "Origin of Species" that the social Hymen-
optera afford the most complete evidence of instincts

which cannot be due to use-inheritance inasmuch as

they are exhibited by the sterile workers, the offspring of

drones and queens with quite different instincts. Brooks

has used the same example with great effect to empha-
sise " the supreme importance of the species, and the

relative insignificance of the individual." Darwin's con-

clusion is also put with remarkable force on p. 95. This

most interesting and convincing chapter concludes as

follows :

" Some may ask whether it may not be possible that

while natural selection is the chief factor in the origin of
species, there may still be a residuum to be accounted for

by the ' inheritance of acquired characters.' For all I

know this may be not only possible, but actually the

case. I have never felt the slightest interest in a priori
demonstrations of the impossibility of this sort of in-

heritance ; and for all I know to the contrary, proof of

its occurrence may be found at any time, although I

know no good evidence of its occurrence. I had satisfied

myself, long before the recent revival of interest in the

matter, that whether it be a real factor or not, the so-

called Lamarckian factor has little value as a contribu-

tion to the solution of the problem of the origin of

species ; and renewed study has strengthened this

conviction."

It must be remembered, on the other hand, that such

inheritance would require an inconceivably elaborate

mechanism, which can hardly have arisen and been

sustained in order to account for a factor which is of

little value in evolution.

" Migration in its bearing on Lamarckism " is the title

of the succeeding lecture. The same subject was treated

of in one of the most fascinating of Wallace's classical

essays upon natural selection. It is interesting to com-

pare the two, and to recognise how very greatly the

interpretation of this difficult problem has been

elucidated by the younger zoologist. Wallace dwells

upon the lines of bird migration in their relation to past

geographical change, and to the special need for insect

food during the breeding season. Brooks treats the

problem as a part of the wide principle of the subordin-

ation of the individual to the welfare of the species ; he

doubts the dependence on geological change and the

great importance of food, and makes the illuminating

suggestion that security from the enemies of eggs and

young is the controlling factor alike of bird and fish
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migration, and he dwells on the risk to parents involved

in the process.

" Long journeys are hazardous. Every Californian

salmon which enters upon the long journey to the breed-
ing ground is destroyed, and the whole race is wiped out

of existence for the good of generations yet unborn.
Very few shad ever return to the ocean, and storm and
accident and ruthless enemies work their will on the

migrating birds and decimate them without mercy
;
yet

the dangerous return to safe breeding grounds still goes
on, in order that children which are yet unborn may
survive to produce children in their turn."

Want of space prevents any further criticism of this

most interesting volume. Enough has been said to prove

that all the lectures demand the serious consideration of

every student of evolution.

It is a peculiar pleasure to the British naturalist to

find the Darwinian principle illustrated and defended

with such remarkable force and success by a distinguished

American zoologist. E. B. P.

A MODERN TEXT-BOOK OF OPTICS.

Lehrbuch cier Optik. Von Dr. Paul Drude, Professor des

Physik au des Universitat Giassen. Pp. xiv + 498.

(Leipzig: Verlag von S. Hirzel, 1900.)

pROF. DRUDE'S name is well known to English

physicists. As a careful and exact worker, the author

of a book on the Physics of the Ether, and the suc-

cessor of Gustav Wiedemann in the editorship of the

Annalen des Physik, he has already made a high reputa-

tion for himself, and the book now under consideration

will serve to add to it. Text-books of optics, it is true,

are numerous, and the reviewer is apt to think that of the

making of many books there is no end. Prof Drude's

book, however, contains much that is novel—at any rate,

to English text-books—and the student will find up-to-

date information on many points of interest.

In some respects the book has much in common with

the late Prof. Preston's well-known text-book ; it gains,

however, in the end as a treatise on the subject by the

definite adoption of the electromagnetic theory, although

it is, of course, in consequence, less complete in that it

gives no account of elastic solid theories.

The first hundred pages deal with geometrical optics.

After a clear statement of the fundamental laws, includ-

ing the law of the minimum path, and Malus' law of

orthotomic systems, we have a chapter on the geometrical

theory of optical images. A definition of an optical image
is given ; it is then shown that the image of a plane is a

plane, and hence the analytical relation between the

position of a point and its image is found. From this,

following Abbd and Czapski, the geometrical theory of

a perfect image is developed clearly and concisely.

Throughout this part the book runs on similar lines to

Ur. Moritz von Rohr's " Geschichte des Photograph-

ischen Objectivs," recently reviewed in these pages

(Nature, vol. Ixi. p. 511), though, of course, the more
technical part is dealt with much more briefly than in

Dr. von Rohr's book.

Further chapters deal with the formation of images by

real rays and the effects produced by the limitations in

the size of the pencils in the case of actual instruments.
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The chapter on optical instruments is perhaps rather brief,

but it is not the main object of the author to describe

these. Throughout this part the book is very different

from anything yet published in English, and will well repay

study ; it is interesting to read and clearly written ; at

the same time, it is commendably brief, and contains little

long or cumbersome analysis.

The remaining four hundred pages are devoted to

physical optics. In the first section of this, which deals

with the general properties of light, there is, with one

exception, nothing particularly novel. The treatment of

interference, diffraction, the geometrical theory of double

refraction and the colours of polarised light follow the

usual lines ; it could hardly be otherwise. The whole is

brought up to date, however ; there is, for example, an

excellent account of Michelson's echelon spectroscope,

while the theory of the resolving power of an optical

instrument is given in some fulness ; it is all well done,

though the English reader will not find much to make
him prefer the book, as a text-book, to Preston. The
one exception is the chapter on Huyghens' principle.

In his elementary discussion on the rectilinear propaga-

tion of light, Dr. Drude makes a distinct step by adopt-

ing the methods given by Dr. Schuster {Phil. Mag.,

vol, xxxi. 1 891), while he completes the discussion by

giving Kirchhoff and Voigt's solution of the problem of

finding the disturbance at a given point due to disturb-

ances existing at some previous time over a surface

surrounding the point. To do this, he has, of course,

to make use of the differential equation satisfied by the

disturbances, and this is not found till a later stage in

the book ; but the student who has read sufficient

mathematics to follow the proof will probably be ac-

quainted with the fact that the differential equation

quoted does represent wave motion, and will not find

any logical difficulty in the order adopted, while the

proof will put the whole theory of diffraction before him

on a sounder basis. An English reader, however, who
realises what he owes to Stokes in this matter, may be

allowed to express surprise that there is no reference

in Prof. Drude's work to the great paper on the dynamical

theory of diffraction, published in 1849 in the ninth

volume of the Transactions of the Cambridge Philo-

sophical Society.

The second section of this part deals with the optical

properties of bodies, and here the distinctive points of

Prof Drude's method show themselves. After a brief

reference to the elastic solid theory of the ether and the

difficulties to which it leads, he adopts formally the

electromagnetic theory.

The optical disturbance at any point through which

light-waves are passing can be represented by the periodic

variations of a vector quantity, the light-vector, as Drude

calls it, and in a transparent isotropic medium this vector

follows the same laws as do the electric or magnetic

force in an insulating body. The electromagnetic theory

of light identifies the light vector either with the electric

or the magnetic force, Drude adopts the first of the two

alternatives.

In an aeolotropic medium, a third vector, the rate of

change of the electric displacement, or the electric

current, needs to be considered—in an isotropic body

this coincides in direction with, and is proportional to
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the electric force. For reasons which are stated, how-

ever, in a crystal, this third vector, the electric current,

is taken to represent the light vector. The consequences

of this theory are then worked out fully. The general

equations of the electromagnetic field are obtained from

the two laws (i) that the work done in carrying a

unit magnetic pole once round an electric current i is

4 TT/ ; and (2) that the work done in carrying a unit

quantity of electricity once round a magnetic current j is

The phrase magnetic current is perhaps not a very

common one, though some English writers have used it.

The magnetic current multiplied by 4 tt is equal to the

rate of change of magnetic induction ; thus the second

law is merely Faraday's law of induction of electric

currents.

In forming the equations care must be taken to

measure throughout in the same units, electrostatic or

electromagnetic, as the case may be. Prof. Drude
assumes that electric inductive capacity and permeability

have no dimensions and introduces a quantity, which

he tells us is of the dimensions of a velocity and equal to

thevelocity of light, as representing the ratio of the units.

The same result would have been reached more simply

by introducing two symbols, k^^ ^q, of unknown dimen-

sions to represent the inductive capacity and permeability

of a vacuum, and then showing that i/(»fo/xo)^ was of the

dimensions of a velocity.

From the equations thus found, together with the

known electromagnetic laws expressing the action which

takes place at the common surface of two media, the

laws of transmission, reflexion and refraction in isotropic

and crystalline transparent bodies can, as is well known,

be deduced so long at least as we avoid phenomena of

dispersion. They lead to Fresnel's sine and tangent

laws for reflexion, and these in reality are not accurately

satisfied ; but it is shown that the small amount
of elliptic polarisation observed can be accounted

for by the supposition that the transition across

the interface is not sudden. On this point a refer-

ence to a paper in the PAt7. Trans, for 1894, Part ii.,

by G, A. Schott, would not have been misplaced. In

fact, we may say that so long as the difference between

the properties of a refracting body and those of the ether

can be completely expressed by a change in the inductive

capacity, the simple equations of the electromagnetic

field suffice for the co-ordination of optical effects ; but

when this is no longer the case, when the supposition of

a mere change in refractive index is not sufficient to express

the action of the matter upon ether, modifications in the

equations which can not be entirely justified by reference

to known electromagnetic laws become necessary.

Absorption and dispersion, aberration and the action

of magnetism on light require further hypotheses for

their explanation, and the part of the book in which Prof
Drude deals with these and cognate phenomena is of

great interest.

The phenomena of absorption and of metallic reflexion

are explained by the hypothesis that absorbing media are

conductors like the metals.

The total current in such media is composed of two

parts, that of displacement or polarisation depending on
the rate of change of the electric force, and that of con-
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duction proportional to the force. From this it follows

that in the equation for a component of the electric force,

X, for example, a term in aX/(i/ appears ; we have a
viscous as well as an elastic resistance to the motion.

Prof Drude points out, as Lord Rayleigh had done
nearly thirty years before (PAi7. Mag.^ 1872), that the

numerical results derived from experiments on the metals

cannot be reconciled with such a simple theory ; it needs
modification, and the direction of the requisite change is

indicated by the theory of dispersion which is discussed

next.

Up to this point the theory has not been mechanical.

We know from purely electrical observations the laws of

electromagnetic force without needing to know the

mechanism, aitherial or material, to which that force is

due. Changes in the electric force give rise in a dielectric,

to an electric current. Maxwell's displacement current, and
the laws obeyed by this current in transparent bodies are

exactly those of light.

The light vector may be electric displacement, or it

may be some periodic change in the ether, e.g^. a twist or

a displacement of the ether particles, which obeys exactly

the same laws as electric displacement ; we do not

know, and, so far as the theory is concerned, we do not

need to know, which of these hypotheses is true.

When we are dealing with the action of matter, how-
ever, it becomes necessary to introduce some mechanical

conceptions. Thus Prof Drude, following von Helmholtz,

supposes that the molecules of a dielectric are composed
of charged ions which are set in motion by the electric

force when a train of light waves traverse the medium.
The current in this case across any section is made up
of the displacement current, together with the convection

current due to the displacement of the ions ; thus a new
variable, expressing the displacement of the matter, is

brought into Maxwell's simple equations. In conse-

quence a new set of equations, determining the motion of

the ions, become necessary.

Now, the external force on an ion will be proportional

to its charge and to the electric force. Drude supposes

that, in addition, its motion is retarded by a force pro-

portional to its displacement, and by a frictional force.

Of course, since we are dealing only with harmonic

motion, this is merely equivalent to saying that the force

of restitution can be expressed by a series of harmonic

functions. In this way equations are obtained similar to

those given by Sellmeyer's mechanical theory—a theory,

as Lord Rayleigh has recently shown, originally due to

Maxwell—from which the phenomena of dispersion can

be deduced. The same hypotheses serve to overcome

the difficulties of a theory of metallic reflexion based on

conductivity.

Fairly obvious modifications of the equations of motion

of the ions lead to explanations of the rotatory polarisa-

tion of sugar and quartz. The action of magnetism on

light is more complex ; it is deduced from an hypothesis

of molecular vortices. The ionic charges are supposed

to be in a state of rotation about the lines of magnetic

force, and the consequences of this on the equations of

motion are examined. This leads to a rational explana-

tion of the magnetic rotation of the plane of polarisation,

and of the Hall effect, while in another section the

Zeemann effect is touched on. The last chapter of the
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section deals with aberration ; it is supposed that the

ether in a moving body remains, so far as the motion of

the body is concerned, at rest. Thus another term has

to be added to the expression for the current ; the ions

are carried with the body, and give rise to a convection

current.

This assumption appears, however, open to criticism.

Since the total charge in any element of volume is zero,

the total convection current due to the motion of that

element, as a whole, must also be zero. The case differs

from that in which the oppositely charged ions are set

in motion in opposite directions by electric force. The

fact that the axes to which we refer the relative motions

of the ions are themselves in motion, introduces new
terms into the equations which are sufficient to account

for aberration without assuming the existence of this

convection current.

The consequences of this relative motion are ex-

amined, following H. A. Lorentz, to whose labour on

this subject so much of our knowledge is due, and an

explanation given of aberration and of Fizeau's celebrated

experiment on the effect of moving water on the velocity

of light.

In all this work Prof. Drude has been most successful
;

the electromagnetic theory, supplemented by the one

additional hypothesis of the moving ions, serves to co-

ordinate in a satisfactory way very many of the phenomena

of light.

Further knowledge may modify our views, but up to

the present Prof. Drude's book contains the most rational

account of the phenomena of optics which we possess ;

it is a book which should be read by all students, and

he is to be congratulated on having written it.

And now having said this, in conclusion a grumble

and a suggestion may be permitted. There is no index,

and though the table of contents is a full one, this can

never replace an index. Again, the book would be more

interesting and more valuable, and would give a fairer

account of the subject, if the references to original papers,

especially papers published some time back and in other

countries besides Germany, were more complete. A
second edition will be called for before long. Will Prof.

Drude increase the gratitude due to him for his work by

remedying these two defects ?

AGRICULTURAL EDUCATION IN THE
UNITED STATES.

Year-book ofthe United States Department of Agriculture,

1899. Pp. 880 ; 63 plates. (Washington: Government
Printing Office, 1900.)

THE present volume is a special one, the Secretary of

Agriculture desiring ''that the Year-book for 1899,

the distribution of which will occur during the last year

of this century, shall present to the reader a picture of

the development of agriculture in the United States

during the nineteenth century, and of its condition at

the present time." The volume contains twenty-six

reports, from the various bureaux and divisions under

the Department of Agriculture. These reports are

followed by an appendix giving particulars respecting

the various agricultural organisations now at work in the

country. The whole is copiously illustrated.

The various reports on the development of knowledge

NO. 1616, VOL. 62]

and of work during the past century are of course

written in a popular style, being primarily intended for

the information of the general community in the United

States ; we must not, therefore, expect to find in them

much exact science. They are, nevertheless, of great

permanent value, and should be carefully studied by all

those who desire that the agriculture and the agricul-

turist of Great Britain should exhibit the rapid progress

in improvement which this volume shows to be taking

place on the other side of the Atlantic.

As the subject of agricultural education is now occupy-

ing the public mind in England, it will perhaps be of

service if we briefly mention what is at present being

done in America, as set forth in the volume now
before us.

The Report dealing with education informs us that the

attempts to introduce instruction in agriculture into

elementary rural schools have failed. Now, however, a

hopeful movement has been started by the College of

Agriculture at Cornell University, and taken up by some

other State colleges, for the introduction of " nature

studies" into elementary schools. To accomplish this

object leaflets containing suitable matter for lessons have

been issued, and model lessons are given in the schools

by travelling inspectors. The first difficulty to be sur-

mounted is, in fact, the teaching of the teachers. Up to

the present time little has been done toward the estab-

lishment of second grade agricultural schools, and

agricultural subjects are not as yet taught in the High

Schools.

In America, the State College or University, with

the Experiment Station attached to it, have been the

prime movers in agricultural education. The colleges

have by no means confined their work to their own
students, but have actively carried on a large amount of

external teaching of various kinds. Thus, besides the

full course of instruction, lasting two or four years,

provided for the members of the college, short winter

courses of twelve weeks' instruction are in many
cases provided for the special requirements of young

farmers, and in some States these short courses have

been very successful. The staff of the college and

experiment stations also do much good by lecturing at

farmers' institutes. These institutes will meet for a

session of three days in various places, the time being

occupied by a series of papers and discussions. It is

estimated that about 2000 of these meetings were held in

the United States during 1898, attended by half a million

farmers. In Wisconsin the best papers are issued as an

annual volume, 60,000 copies of which are distributed,

one being placed in the library of every elementary

school. The practical influence of these institutes has

been very great. Several State colleges have also com-

menced correspondence classes in agriculture, and have

enrolled a large number of readers who receive assistance

and advice from the college. The influence of the ex-

periment stations has also been very great ; their inves-

tigations have produced a local interest in the study of

agricultural problems, and afforded examples of the aid

which science can render to the farmer. Without the

v/ork of the station the teaching of the college would

have appeared academic and theoretical, and would have

failed to commend itself to the practical man. The
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farmer's bulletins issued by each experiment station,

and distributed post-free throughout the State to every

farmer asking to receive them, are of considerable

educational value. The work of all the State colleges

and experiment stations is unified by the Association of

American Agricultural Colleges and Experiment Stations.

This Association consists of delegates appointed by the

colleges and stations, and by the United States Depart-

ment of Agriculture, and meets for several days once a

year to hear reports and discuss methods of work. The
Association has permanent executive committees, which

carry out the work initiated by the Association.

Although both colleges and experiment stations are

State institutions, they are more or less under the influ-

ence of the National Department of Agriculture, as every

institution receives annual grants from Government
funds, for the proper use of which the Department of

Agriculture is made responsible. The United States

Department of Agriculture is on a very large scale ; the

sum appropriated to its use by Congress in 1899 was

2,829,702 dollars. It includes many sub-departments, pro-

vided with a numerous staff of scientific workers. It has

excellent laboratories, a botanic garden, museum and

library containing 68,000 volumes, three-quarters of which

are on agricultural subjects. It undertakes investigations

of all kinds. It publishes in the Experitnent Station

Record summaries of all the work done by the experiment

stations. The publications it issues for gratuitous circu-

lation are most voluminous, and embrace all subjects

with which it is thought the farmer or student should be

acquainted. In 1899, 26,420 pages were published, and

7)075f97S copies printed. Of the present year-book the

edition is 500,000 copies, with 20,000 extra copies for the

Paris Exhibition.

We have already mentioned the sum annually spent by

Congress on the Department, we may conclude by saying

that the annual income of the State agricultural and
mechanical colleges is stated in the year-book to be

6,008,379 dollars, while the income of the experiment

stations amounts to 1,143,334 dollars. Such is in brief

the provision made in the United States for the improve-

ment of the science and practice of agriculture m the

country. R. Warington.

OUR BOOK SHELF.
Lehrbuch der Anorganische?t Chemie. Von Dr. A. F. Holle-

man. In gemeinschaft mit dem Verfasser bearbeitet

und herausgegeben von Dr. Wilhelm Manchot. Pp.
xii + 440. (Liepzig : Veit and Co., 1900.)

This is an advanced text-book of inorganic chemistry,
distinguished from others chiefly by the embodiment in it

of chapters of modern physical chemistry. The book,
indeed, gives the impression of having been produced by
shuffling the detached chapters of two others—one, an
ordinary treatise on inorganic chemistry, the second on
physical chemistry.

It is almost impossible to discern the system which
has guided the compilers. The book begins with some
generalities about the scope of science, and the differences

between physics and chemistry. It then proceeds to de-
scribe some chemical operations, such as dissolving,

filtering and distilling. This is done in language suitable

for children, and illustrated by two diagrams, in one of
which a filter paper is seen to project considerably above
the rim of the funnel. The elements having been named,
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oxygen is next described—such terms as critical temper-
ature being taken as understood by the reader, who has
just been told how to- separate salt from sand. After a
description of hydrogen, the indestructibility of matter is

discussed, and then comes water. The laws of chemical
combination and the atomic theory occupy the next few
pages, then chlorine and its compounds. We now come
upon the laws of Gay Lussac and Avogadro, ozone and
hydrogen peroxide, then modern methods of determining
molecular weights, with a discussion of semi-permeable
membranes. And so the book proceeds. Dissociation
is discussed between iodine and fluorine, electrolytic dis-

sociation between the halogens and sulphur, the phase
rule under sulphur, thermochemistry, including thermo-
dynamics between sulphur and nitrogen.

It is impossible to say anything in praise of this

arrangement or want of arrangement. It can hardly
be defended on logical or didactic grounds, and one is

tempted to think that there is nothing more than a
striving for novelty at the bottom of it.

The book does not aim at teaching how chemists do
their work, discover facts, and establish theories ; and
surely if it were desired to present descriptive inorganic

chemistry on the basis of the general theories of modern
physical chemistry, it would have been better to have
begun with an account of these theories and to have
woven them into the descriptive part throughout.

Whilst speaking thus of the general scope of Prof.

Holleman's book, it is right to add that in detail there

are features that call for commendation. The descriptive

part is well abreast of the times, and many of the inter-

calated chapters on physical chemistry are clearly and
concisely written. A concluding chapter summarising
Werner's voluminous papers on the metal-ammonium
compounds is a valuable addition.

On the whole, it may be said that as a work of
moderate dimensions conveying the chief facts of in-

organic chemistry and an account of those physico-

chemical theories which bear especially on inorganic

chemistry, Prof. Holleman's book will probably find con-

siderable acceptance in Germany, but it is neither to be
expected nor desired that it will set a fashion in its plan

of construction. A. S.

Flora of Bournemouth^ indudittg the Isle ofPurbeck. By
E. F. Linton, M.A. With map. New edition. Pp.
vii -f 290. (Bournemouth : Sold by H. S. Commin,.
Bright's Stores, and W. Mate and Sons.)

The local flora embodied in the pages of the book before

us appears to be usefully compiled, though perhaps the

volume as a whole would have been improved had it

been printed on thinner paper, so as to form a more
convenient pocket companion. Opening; with a short

introduction on the physical and geological characters

of the district, the author gives a list of some 1137
plants (flowenng plants and ferns) as occurring within

the area treated of, and adds localities, as is usual in

works of this nature. The book should prove useful to

those lovers of wild flowers who are visiting the Bourne-
mouth district, to many of whom it may perhaps be a

matter of surprise that so large a percentage of the

British flora occurs within a twelve-mile radius from the

town.
'

Carnations and Picotees for Garden and Exhibition. By
H. W. WegueHn, F.R.H.S. Pp. viii4- 125. (London:
George Newnes, Ltd., 1900.)

This is a book which will be useful to those who are

fond of carnations. The cultural hints are clear, and
lists are given of many of the best sorts. The text is

a little diffuse in places, but in a work of this character

that is a pardonable characteristic. The author is en-

thusiastic on his subject, and his book is worth reading,

if only to show what can be done with the flowers as

materials for open borders.
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LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of rejected

manuscripts intended for this or any other part of Nature.
No notice is taken of anonymous communications.^

Collateral Heredity Measurements in Schools.

As a result of the appeal, made in Nature last June, for aid

in the measurement of pairs of brothers and sisters, I have re-

ceived friendly help from a number of masters and mistresses up
and down the country. I think I have received between 400 and
500 data forms properly filled in. Considerable as this assistance

has been, I would still beg for further aid, as I want the collec-

tion to reach, if possible, 1000 pairs for each fraternal relation-

ship. I have at the present time several head-spanners free,

and shall only be too glad to send one to any teacher who will

undertake the necessary observations on six to ten pairs of

brothers or sisters. As I said in my former letter, the deter-

mination of the intensity of hereditary resemblance is a very

important matter, and it can, at any rate in the case of man,
only be achieved by co-operative eflfort on the part of those

interested in science. Karl Pearson.
University College, London, October 9.

The White Rhinoceros on the Upper Nile.

It may interest your readers to learn that during his recent

notable traverse of Africa from South to North, Major A. St.

Hill Gibbons shot on the Upper Nile, near Lado, a rhinoceros

which he considered to be the white or square-mouthed rhino-

ceros {R. simus), hitherto only known from south of the Zambesi,

and now, unhappily, nearly extinct there. His determination is

fully borne out by the skull, which I have had the pleasure of

examining, and which shows all the many characters that dis-

tinguish N. simus from the common species. A', bicornis.

That a rhinoceros of this group existed in Central Africa has

been suspected before. Dr. Gregory in " The Great Rift

Valley." mentions having seen in Leikipia, but failed to shoot,

three specimens which he believed to be R. simus. Some years

earlier Count Teleki shot a " White Rhinoceros" in the same
district, but his account has more reference to the colour than

to the specific determination of the animal, and his specimen

may only have been a pale-coloured R. bicornis.

Now, however, Major Gibbons has fortunately set the matter

at rest, as there can be no question that his animal is not R.
bicornis, but belongs to the rarer southern form, hitherto

supposed to be practically extinct.

The discovery of this animal in the Nile watershed brings it

geographically nearer to its European and Siberian ally, the

Pleistocene R. antiquitatis, both species being in turn, no doubt,

offshoots of the Pliocene R. platyrhinus of the Siwaliks.

Natural History Museum, Oldfield Thomas.
October 12.

P.S.—This find has an interesting parallel in Mr. W. Penrice's

-discovery in Angola of a zebra allied to the true Cape Zebra
{Equus zebra), now also nearly extinct there. But in that case

the species proves different by its shorter hair, and much broader
white striping, and has been named Equus penricei.

Disease of Birch Trees in Epping Forest and Elsewhere.
Ix Epping Forest, and in other districts around London,

birch trees have been attacked during the late summer by a
disease which causes them to die very rapidly. In a portion of

the Forest known as Lord's Bushes, thirteen diseased and twenty-
four completely dead trees were noted on June IQ within an
area of about one and half acres.

A few were attacked in the Forest in the summer of 1899,
but it was not till this year that the disease appeared in such a
destructive form. On Chiselhurst Common, Hayes Common
and Keston Common no signs of the disease were evident in the
early summer, but now dead or diseased trees may be found in

great numbers. Trees attacked in a similar manner occur at

Walton-on-Thames, by the canal between Weybridge and
Woking, at Lewisham and at Westerham.
The disease is probably due to a micro fungus, Melanconis

stilbostoina, Tul. , for it appears on the branches of both living
and dead trees. The diagnosis of the disease is almost precisely
that of Valsa oxystoma, described as the destroyer of Alnus
viridis in some parts of the Tyrol.
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It would be interesting to know if any of your readers have
observed the disease in the Midlands or in the north of England.

RoBT. Paulson.
10, Denholme Road, Maida Hill, October 8.

Sunspots and Frost.

In the study of winter cold, we find, I think, some striking

contrasts associated with different parts of the .sunspot-curve.

These contrasts, whether they are really due to sunspot varia-

tions or no, seem worthy of attention as a practical matter,

and an occasion for observing whether such relations are main-
tained in future.

Taking the Greenwich records since 1 841, let us see how
many frost days there were in each three-year group following

the sunspot maxima 1848, i860, 1870, 1883 and 1893 ; and how
those sums are related to the average (which is 164 in three

years). The following table shows this :

—

Three-year groups

1849-51
1861-63
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radiation of a blackened vessel of boiling water ; this gave no
decisive result.

On repeating the experiment with a smoothing iron at the

temperature ordinarily used, the surface in about a minute
glowed brightly. There is this difference from the excitement

by bright daylight, or gaslight, that the glow is comparatively

transient.

This renders it probable that a cylinder of iron heated by a

• spirit flame duly concealed would act as M. le Bon's dark
lamp does. A. M. M.

MEXICAN SYMBOLISM}
A RESIDENCE for some years among the Huichol

^~*- Indians of Mexico has enabled Dr. Carl Lumholtz
to enrich ethnology with a wonderfully detailed and
exhaustive memoir on their symbolism, and our thanks
are due, not only to the author, but to the authorities of
the American Museum of Natural History for the
appearance of this most valuable study, which is lavishly

illustrated by more than three hundred figures in the text

and four plates, three of which are coloured heliotypes.
It is extremely fortunate for students of American

archaeology and comparative religion that the symbolism
of pagan Mexican Indians should be minutely studied,
as this will throw light on the meaning of the inscrip-
tions on ancient Mexican monuments, and will afford
illustrations for the comparative studies of cults.

All sacred things are symbols to primitive man, writes
Dr. Lumholtz, and the Huichols seem literally to have no
end of theiTi. Religion is to them a personal matter, not
an institution, and therefore their life is religious, and
from the cradle to the grave wrapped up in symbolism.
From their symbolism it may be inferred that the main
thought of their prayers is food—corn, beans and
squashes. Even in the hunting of the deer, the primary
consideration is that the success of the chase means good
crops of corn. Agriculture depends upon rain, therefore
most of the symbolic objects express, first of all, prayers
for rain, and, by implication, for food, and then prayers for

health, good fortune and long life. In many cases the
supplicant himself is represented on symbolic objects in

the shape of a human figure or a heart ; but in others the
god is thus depicted.
The act of sending a prayer to a god is symbolised by

attaching a representation of the prayer to an arrow, the
painting of the rearshaft of the arrow is symbolic of the
special deity to whom the prayer is offered. In other
cases, the prayer is directed to the god by placing the
symbolic object representing the prayer to the temple of
the deity, or by tying it to his chair, or placing it in his
votive bowl.

Speaking in a general way, individual or personal
prayers are conveyed by arrows or back-shields ; these
latter are symbols of the rectangular shield that the
Huichol warrior wore to protect his back. The main idea
of the back-shield is that it protects against the heat of
the sun, and prayers expressed by it are largely for health,
but also for protection against evil, sickness, accident,
&c. Back-shields represent prayers of all kinds, such as
prayers for rain, good crops, and even that the supplicant
may have children ; it should be remembered that the
sarne mat served the warrior as back- shield and bed.
Tribal prayers were mostly conveyed by the usually
circular front-shields. Personal and tribal prayers may
also be conveyed by " eyes." These are crosses of
bamboo splints, or straw interwoven with coloured
threads in the form of a diamond, The eye is the symbol
of the power of seeing and understanding unknown
things

; the prayer expressed by this symbolic object is

that the eye of the god may rest on the supplicant.
The diminutive sandals of an ancient pattern that are

1 " Symbolism of the Huichol Indians," by Carl Lumholtz. Memoirs
of the American Museum of Natural History. Vol. iii. Anthropology II.
4to. Pp. 228. (iqoo.)

attached to a prayer-arrow may be taken as an example
of symbolism. Such sandals are now only worn by
shamans at the greatest feast of the Huichols—that which
is held for the underworld. They therefore become the
symbol of a prayer that this feast may come off; also
that nothing untoward may happen to the shaman at this
feast ; but as the feast cannot be celebrated unless a
deer has been killed, a pair of such sandals also expresses
a prayer for luck in killing deer. In olden time only men
wore sandals, which at that time were of the ancient
pattern referred to ; thus these sandals are also used to
express a woman's prayer for a husband.

Practically the same design may be the symbol of
various objects, for example, curved lines in general
indicate serpents, but when there are dots between
curved lines they mean ears of corn in the fields. Bands
of curved lines with dots between them are the tracks of
wind, rain and water in the fields. Zigzag lines stand
not only for rain-serpents but also for lightning, the sea
surrounding the world, hills and valleys projected on the
horizon, bean plants and squash vines. A cross refers

to the four cardinal points, but also signifies money,
sparks, &c.
There is a further complication in the strong tendency

to see analogies, even the most heterogeneous phenomena
are considered as identical. For instance, the following
are some of the objects that are believed to be serpents :

most of the gods and all the goddesses, the pools of
water and springs in which the deities live, the wind
sweeping through the grass, the moving sea and ripples
of water, flowing rivers, darting lightning, rain, fire,

smoke, clouds, their own flowing hair, their girdle rib-

bons, pouches, wristlets, anklets, maize, bow, arrow,
tobacco gourd, trails of men on the land—all are
considered as serpents.

On reading this suggestive memoir, one is struck with
the fact that the religion of the Huichols contains ele-

ments appropriate to two distinct stages of culture. In
former ages their ancestors were evidently nomad
hunters, who subsisted mainly on the meat of deer,
which they killed with bows and arrows. Probably at

this period they shot their arrows in the air in magical
rites, so as to ensure the killing of deer

;
possibly also

they attached pictographs or symbols to the arrows as
messages or prayers to the gods, but this was almost
certainly a later phase. On acquiring the art of agri-

culture, they continued the old practices for ensuring a
sufficient food supply. According to the Huichol myths,
corn was once deer, and at the feast preparatory to the
clearing of the cornfields the Huichols drink the broth
of deer-meat, which they call " making corn," and the
blood of deer is sprinkled on the grains of corn before
they are sown, that they may become equally sustaining,
for the deer is the symbol of sustenance and fertility.

Departmental gods generally originate when a people
become settled and take to agriculture. The prayer
arrows would then be deposited in the houses of the gods.
At this time, as at present, the moving principle in the
religion of the Huichols was the desire of producing
rain, and thus successfuljy raising corn, which now is

their principal food ; therefore is it that most of the
symbolic objects express first of all prayers for rain and
then for other blessings. Since the deer represents
sustenance, it may easily be perceived why in their

myths water sprang from the forehead of a deer.
There is no space to enter into the cult of that re-

markable plant the "Hikuli" {Anhalonium lezvinii),

which is to them the plant of life—the life of the deer
and the corn—and adds a further mystical element to

this instructive transitional religion. The philosophy of
life of these people may be best summed up in a state-

ment by one of themselves. " To pray for luck to the
god of fire and to put up snares for the deer—that is, to
lead a perfect life." Alfred C. Haddon.
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FURTHER INVFSTIGATIONS ON XENIA
IN MAIZE.

"DROBABLY few botanical discoveries of recent years
^ have aroused more interest than the remarkable
observations of Nawaschin upon the fusion of one of
the generative nuclei of the pollen tube with the defini-

tive nucleus of the embryo sac. Since further investi-

gations have rendered it not improbable that the process
is of general occurrence, its bearing upon some curious
phenomena met with in hybrids is of great interest as
affording an explanation, not only as to how hybrid em-
bryos, but also how truly hybrid endosperms can be
produced by crossing different races of plants. De
Vries' beautiful observations upon maize, which were
made almost simultaneously with those of Correns, have
already formed the subject of an article in this journal,

and they have recently been considerably extended by
some experiments conducted by Webber * in America.
As a result of his investigations, Webber concludes, in

all cases in which the hybrid corn shows a change of
colour, that this is due to the endosperm alone, the
translucent pericarp retaining, as might have been theo-
retically anticipated, the character properly appertaining
to the corn of the female parent. But in a large number
of instances it was found that, although the embryo on
germination showed that hybridisation had occurred, there
was no evidence of the transference of the qualities of the
male parent to the accompanying endosperm. On the

other hand, in some hybrid corns the endosperm exhibited
a spotted appearance, which might even {e.g. when
Gilman Flint was crossed with Stowell's Evergreen) be
restricted to only a portion of its substance. The author
suggests that the former case might be explained as
being the result of failure on the part of the generative
nucleus to unite with any nucleus within the embryo sac.

The spotted endosperms, on the other hand, might be
due to an independent segmentation of the second pollen
nucleus, which had failed to unite with the polar nuclei,
in which case the portion of endosperm so arising might
be expected to retain the characters of the male parent.
There is no inherent improbability in such a sugges-

tion, nor need it necessarily affect any views which may
be entertained as to the sexuality of the fusion which
we are (perhaps rather hastily) beginning to regard as
general

; the investigations of Boveri and of Hertwig
respectively have shown that the nuclei of both male and
female reproductive cells of sea-urchins can be made to
segment by appropriate means, and even produce larvae,
and this without any preceding fusion of the sexual cells
themselves.

It is clear, however, that much more investigation is

required before the points raised by Dr. Webber can be
cleared up, but it is to be hoped that so promising a field
of research will not be left to lie fallow, although the
work itself will necessarily prove arduous.

PORTABLE GAS PRODUCERS.
A IR-GAS, as it is popularly called, consists of an
^^^- admixture of ordinary atmospheric air with the
vapour of one of the volatile hydrocarbons, such as
pentane, gasolene or petroleum spirit. Travellers and
others having called attention to the production of a
natural gas in the petroleum-bearing districts, as at
Baku and elsewhere, it was not long before attempts
were made to imitate the workings of nature by pro-
ducing from the petroleum of commerce a combustible
gas. The carburetting of ordinary air by forcing a
current over liquid petroleum first seems to have been
proposed by Lowe in 1831, as in that year he took out a
patent for his apparatus.
" Xenia, or the Immediate Effect of Pollen in Maize," by Herbert J.Webber, U.S. Department of Agriculture, Btilletin 11, Washington, 1900.
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Air-gas producers may be roughly classified as
follows :

—

(i) Apparatus in which air \% forced under pressure
either through or over liquid petroleum, in which class
mention may be made of the apparatus of Jackson,
Miiller, Weston and Maxim.

(2) Apparatus in which, on account of the danger of
using large quantities of liquid petroleum, an absorbent
is used to take up the hydrocarbon, either in part or
entirely, the air being, as in the first case, forced under
pressure over or through the absorbent.

Considerable commercial importance attaches to certain
of the apparatus mentioned under the two classes given
above, both the "Alpha" apparatus of Miiller and the
" Sun '* apparatus of Hearson having had a considerable
success, both here and in America, for the lighting of
country houses and the like. It will be easily seen, how-
ever, that the necessity of having some motive power to
actuate the current of air introduces complex mechanism
which militates against the general adoption of such
apparatus. This disadvantage has, however, been met
by the apparatus comprising the third and last class of
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gaseous mixture become heavier, but it becomes cooler

by the rapid volatilisation of the petroleum, and this

cooling action is greater the more rapid the passage of

air through the receptacle. As the absorbents may be

regarded as solids, there is no danger either from the

presence of loose petroleum or of explosion.

These carburetters (or, as they are termed, aero-gas

fountains), in the form best adapted for lighting and
heating purposes, consist of a reservoir of ordinary tin,

with an air admission regulator at the top and a bent

-draw-off pipe at the bottom, the pipe being so designed

as to syphon out the gas and prevent the possible over-

iflow of any loose petroleum that might be left on the

'•bottom from an overcharge. Fig. i is a vertical section

•of such a carburetter. The carburetter is divided

Fig. 4. Fig 5.

horizontally by two perforated shelves, the object of
which is to produce a longer travel of the gas, and to
•distribute it through the perforations. Fig. 2 is a plan
of the top of this fountain, while Fig. 3 is a drawing of
one of the perforated shelves. The absorbent is a
species of wood pulp which is entirely unaffected by
the petroleum, and acts merely as a means of holding it

in suspension.
With the carburetter as applied to table and other

lamps, the burners used are argands, with steatite centre
and very wide gas ways. The light is of high illuminating
power and of remarkable purity. For street lighting the
carburetter forms part of the lamp, which has a hinged
top, so that when the carburetter is exhausted it can be

lifted out and a fresh one put in its place. For ships'
lights, as well as in railway and other signal lights, the
system offers peculiar advantages. With respect to
heating, all classes of stoves can be adapted for this
system.
There is one other most important branch of lighting

for which the carburetter is designed, namely, light-

houses, beacons and buoys. The advantages of gas as
an illuminant were early apparent to lighthouse
authorities, and in the Government inquiry into the
relative advantages of paraffin, gas and electricity as
sources of light for lighthouse illumination, the superiority
of gas was clearly pointed out, but owing to the necessity
of elaborate plant needing to be installed in the vicinity
of each lighthouse to be lit by gas, it was pointed out

that, despite its intrinsic advantages, it

could not be recommended on account
of the expense and difficulty entailed in

the production. Since those days, how-
ever, the Pintsch system of vaporising
oil for gas, despite its costliness both as
regards the gas produced and the plant

required, has been largely made use of
by the lighthouse services both at home
and abroad. The simple automatic car-

buretters that have just been described
will, it is clear, place within reach of the
lighthouse authorities the possibility of
making use of gas-light in place of the
paraffin lamps now in common use. Figs.

4 and 5 show section and elevation of a
third order dioptric apparatus in which
the carburetters are placed above. In
place of the oil tanks required for the
storing of the paraffin, the tin carbu-
retters can be served out to the various

stations ready charged, and these can be
returned when exhausted and fresh ones
supplied. As the absorbent takes up
about three-quarters of its own volume
of liquid, it is seen that the room required

for storing the fountains or carburetters

is little more than that needed for the

present paraffin supply. As the flame
given from this aero-gas is steady and
constant, the trouble of maintainmg the

old paraffin burners of many wicks, so as

to give a constant light, is obviated. By
doing away with the constant level and
pressure arrangements now in vogue, a
considerable economy will be effected in

light-house apparatus, while at the same
time the risk will be lessened of a failure

of some part of the mechanism.
In their application to engines for

motor-cars, launches, &c., these fountains

have a very wide field of usefulness, in

which they offer advantages that cannot
be secured without them.

J. A. PURVES.

NOTES.
We regret to see the announcement of the death of Sir

Henry Wentworth Dyke Acland, K.C.B., F.R.S., late Regius

professor of medicine in the University of Oxford. The funeral

will take place to-morrow (Friday) at Holywell Cemetery,

Oxford.

Prof. T, G. Bonney, F.R.S., has resigned the chair of

geology which he has worthily occupied at University College,

London, for a period of twenty-three years. The chair will

become vacant at Christmas.
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The works of the late Prof. E. Beltrami (consisting of three

or four large volumes) are to be issued on subscription by the

Faculty of Science of the University of Rome.

A Reuter telegram from Kingston, Jamaica, states that the

scientific expedition sent by Harvard University, to observe the

minor planet Eros during the approaching opposition, has

arrived there under the leadership of Prof. Pickering.

Sir Lowthian Bell, F.R.S., has been elected president of

the Institution of Junior Engineers in succession to the Hon.

C. A. Parsons, F.R.S.

The anniversary meeting of the Mineralogical Society will be

held on Tuesday, November 13, at 8 p.m., when a new set of

bye-laws will be recommended for adoption by the committee

and council of the Society.

A Reuter telegram reports that Mr. William Zeigler, a

wealthy citizen of New York, will supply the funds for an expe-

dition to start early in 1901 under Mr. Evelyn Baldwin, in the

hope of reaching the North Pole. The expedition will sail in

two steamers.

At the recant meeting: in Paris the International Geodetic

Association discussed the difiference of longitude between Paris

and Greenwich, with special reference to the discordant results

obtained by the French and English astronomers in 1888 and

1892. (ieneral Bassot attributed the want of agreement to an

imperfect knowledge of the constant of electrical transmission of

the signals. The difference of longitude will be measured again

next year.

A NEW departure, which should be of much assistance to

lecturers, has been made by the Sanitary Institute. Frequent

applications having been made to the Institute for the

loan of lantern slides and diagrams for lecture purposes, the

council have collected a large number of such slides relating to

sanitary arrangements and appliances, diseases, &c. , which can

be borrowed by members and associates for lecture purposes at

a small charge. A li.st of 611 slides at present available can be

obtained from the secretary of the institute.

The Board of TradeJournal says that information has just

been received, by the Imperial Academy of Science, of the dis-

covery of diamondiferous deposits on the Kamenka, a tributary

of the Sanarka. This, it is reported, is the first time that

diamonds have been discovered in this region, although the

existence of such deposits in the neighbourhood of the Sanarka

had already been indicated. It is stated that in structure and

colour the diamonds found resemble those of Brazil.

The annual general meeting of the London Mathematical

Society will be held on November 8, at 5 30 p.m. The follow-

ing nominations for the new council have been made :—Dr.

Hobson, F. R. S. , president. Lord Kelvin, Prof. Burnside, F. R. S.

,

and Major MacMahon, F. R.S., vice-presidents. Other mem-
bers:— J. E. Cimpbell, Lieut. -Colonel Cunningham, R.E.,

Prof. Elliott, F.R.S., Dr. Glaisher, F.R.S., Prof. M. J. M.
Hill, F.R.S , A. B. Kempe, F.R.S. , H. M, Macdonald, A. E.

Western and E. T. Whittaker. The treasurer (Dr. Larmor,

F.R.S.) and hon. secretaries (R. Tucker and Prof. Love,

F.R.S.) are renominated. Lord Kelvin will probably not be

able to give a valedictory address.

The foundation stone of the Imperial "Limes" Museum,
which is to be erected in the restored Roman fort of the

Saalburg in the vicinity of Homburg, was laid by the German
Emperor on Thursday last. The museum is to contain the

Roman relics which have been discovered in the excavations in

the neighbourhood of the " Limes Transrhenanus," the great

Roman wall which extended from the Danube to the Rhine. The
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excavations were begun in 1873, and have brought to light many
objects of great interest, which have hitherto been placed in the

Saalburg Museum 'at Homburg. They will be removed to the

new museum as soon as it is completed. The Emperor sent a
congratulatory telegram in Latin to Prof. Mommsen, who was
unable to be present at the ceremony.

The Philosophical Faculty of the University of Gottingen has
(says Science) proposed the following subject for prizes on the

Benecke Foundation : A critical investigation, based upon
experimental research, of those complex chemical compounds
which cannot be explained upon the ordinarily received theory

of valence, or can be so explained only by a forced interpretation

of the theory. This investigation should specially consider how
far the phenomena of molecular addition play a part in the

formation of these compounds and as to whether it is possible to

formulate a comprehensive theory of these complex compounds*
The first prize is 3400 marks and the second prize 680 marks.

Papers in competition must be written in a modern language,

and be accompanied by a sealed envelope containing the name,
a motto on the outside of the envelope corresponding to the same
motto on the paper. They should be sent to the Faculty of the

University of Gottingen not later than August 30, 1902.

In the year 1895 the Academy of Sciences of Berlin announced
the following problem for the Steiner prize :—"To completely

solve any important hitherto unsolved problem relating to the

theory of curved surfaces, taking into account, so far as possible,

the methods and principles evolved by Steiner. It is required

that sufficient analytical explanations shall accompany the

geometrical investigations to verify the correctness and com-

pleteness of the solution. Without wishing to limit the choice

of subject, the Academy takes the opportunity to call attention

to the special problems to which Steiner has referred in his

general remark at the end of his second paper on maximum and

minimum in figures in a plane, on a sphere, and in space."

The foregoing problem having remained unsolved up to the

present, the Academy again announces it for the year 1905.

For its solution a prize of 4000 marks is offered, with an addi-

tional sum of 2000 marks. Papers sent in competition may be

written in German, French, English, Italian, or Latin, and

must be submitted before December 31, 1904, to the Bureau of

the Academy, Universitats-Strasse 8, Berlin N.W. The re-

sult will be announced at the Leibnitz meeting of 1905. Each
manuscript submitted must bear a mark or nom de plume, and
be accompanied by a sealed envelope containing the name and
address of the author, and bearing outside the corresponding

mark or assumed name.

The Society for the Protection of Birds is offering two prizes,

of 10/. and 5/. respectively, for the best papers on the protection

of British birds. The mode of dealing with the subject is left

entirely to competitors, but among the points suggested for

treatment are the utilisation and enforcement of the present

Acts and County Council Orders ; the modification or improve-

ment of the law ; educational methods ; and the best means of

influencing landowners and gamekeepers, agriculturists and

gardeners, collectors, bird-catchers and bird-nesters. Essays

are to be sent in by November 30. Particulars may be obtained

from the hon. sec, at the Society's offices, 3, Hanover Square,

London, W.

During the last few weeks even the scientific recluse,

occupied as he mostly is in the recherche de fabsolu, has had

forced upon him, by serious and comic papers alike, the question

of electioneering cries. Perhaps, however, it will be news to him

that the subject of vivisection, so-called, has been pushed into

the forefront of electioneering polemics. Warning was indeed

given months ago that this might ^beJthe case^ as is evidenced



6o4 NATURE [October i8, 1900

by the contents of certain letters published in Mr. Paget's book.

These letters, addressed to several of Her Majesty's Ministers,

threatened, in no unmistakable terms, should these officials not

become anti-vivisectionists, to use against them at the next

election organised opposition, which would probably prevent

them being returned to Parliament by their respective constitu-

encies. To what extent this has actually been done we have no

means of knowing, but our attention has been drawn to a letter

in the North Down Herald and County Down Independent in

comparison with which the diatribes of Mr. Coleridge sink into

insignificance. The interest, however, of Miss Margaret

Alder's letter does not centre in its actual abuse, but in the

fact that she places vivisection first among various causes

which have rendered Englishmen " fit to kill, murder and rob

the peaceable and pious people of South Africa." This con-

clusion possibly explains why during the past few months many
physiologists—even those whose problems lie, for the most part,

outside the field of actual animal experiments—have received

daily papers and magazines in which attention has been

directed by means of blue pencil to letters and articles in which

the ingenuity of the pamphleteer has been used to distort the

aims and results of the physiologist. Henceforth the anti-

vivisectionist societies, one and all, had better be known under

their true colours. They are not honest organisations sustained

by conscientious thinkers, or even artistic sentimentalists, but

pigmy political cliques for turning the trend of political opinion

one way or another.

The lecture session at the Imperial Institute will be opened

on October 29 with a lecture entitled " The Federal Family,"

by Sir John A. Cockburn, K.C. M.G. This lecture is the first

of a special series of eight illustrated public lectures, relating

to the Australasian Colonies, to be given on Monday evenings

before Christmas. The remaining lectures will be as follows :

—

"Golden Victoria, its scenery, geological features, and mines,"

by Mr. James Stirling ; "Western Australia in 1900," by Mr.

George Berry ;
" The coal resources of Victoria," by Mr.

James Stirling ;
" The work of the Queensland weather bureau,

in its relation to the natural resources and commerce of

Australasia," by Mr. Clement L. Wragge ;
" The Australian

Alps, scenery, native vegetation, and mineral wealth," by Mr.

James Stirling ;
" New Zealand," by Mr. J. Carthcart Wason

;

*' Sunny Tasmania for English Invalids," by the Hon. Sir Philip

Oakley Fysh, K.C. M.G.

An important addition to the British Museum (Natural

History) has just been made in the form of mounted specimens
of two beautiful antelopes from the swamps of the White Nile,

belonging to species hitherto very imperfectly represented in

the collection. They are, in fact, the first complete specimens
of their kind which have ever been exhibited in England. The
species are Cobus viaria and C. leiicotis, both remarkable for

their sable hue (at least in the males), relieved by white on the

ears, and also the elegant and peculiar curvature of their heavily

ringed horns. Of the former species the Museum possessed

the heads of a male and female presented by the late Consul

J. Petherick in 1859, which are in such a bad condition that

they have not been exhibited to the public for several years,

while the latter was best represented by a stuffed head (also the

gift of the same gentleman), which is, however, so faded that its

true colours are completely lost. For the new specimens (which
have been set up by Rowland Ward) the Museum is indebted

to Captain Dunn, now stationed, we believe, at Omdurman,
by whom they were presented. Acknowledgments are, how-
ever, also due to Captain Stanley Flower, by whom the skins

Were brought to this country. The specimen of C. leucotis is

exhibited in the case devoted to new acquisitions, but, on
account of its larger size, the example of C. inaria is placed
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in the case in the West Corridor which will eventually form

the home of both.

The meteorological subcommittee of the Croydon Micro-

scopical and Natural History Club has just published its report

for the year 1899. It contains valuable information relating to

the daily and monthly rainfall statistics for eighty stations in

Kent and Surrey, together with notes relating to the tempera-

ture and weather for each month, by Dr. F. C. Bayard, the

hon. sec. of the subcommittee. The observations show that

the deficiency of rainfall throughout the district was about two
inches. The deficit does not appear very large, but some tables

showing the total departures from the average during the last

ten years reveals a serious state of things. For Greenwich, for

instance, the departures from the average of eighty years show
a deficit of twenty- eight inches, which is practically three inches

above a year's average rainfall. And again, for Surbiton, on
the western side of the club's district, the departures during the

same period show a deficiency of I9'5 inches, compared with

an average of forty years, or a deficiency of practically only five

inches below the average rainfall for a year.

The report on the administration of the Meteorological De-

partment of the Government of India in 1899-1900 has appeared

in the same form as in previous years ; the first part gives a

general account of the results of the more important sections of

the work of the department, and the second part gives the usual

details of administration, chiefly in the form of tables. Seismo-

logical observatories have been established at three stations. The
international and special cloud observations referred to in

previous reports will be shortly published, with a brief dis-

cussion. The arrangements for registration of snowfall in the

mountain districts and the measurement of rainfall continue to

form an important part of the work of the Indian Meteorological

office ; monthly returns from 2300 rainfall stations were published

during the year. The storm- warning work was carried out

satisfactorily ; ample and timely warning appears to have been

given of all the more important storms. The special warnings

of floods also appear to have given general satisfaction.

The current issue of the National Geographic Magazine

contains an article, illustrated by diagrams, on " The West
Indian Hurricane of September 1-12, 1900," by Prof. E. B.

Garriott, of the U.S. Weather Bureau, and another by Mr. W.
J. McGee, entitled " The Lessons of Galveston." The Lessons

in question are four in number, three of which are physical and

one is human. The former are as follows :— i. The danger of

building on sand, Galveston being founded on a sand-bank ;

2. " The bank on which Galveston was built is something more

than a simple heap of silicious grains and dust ; it is a record of

past wave work ;
" and " it is the duty of the nature student to

interpret natural records and guard against the building on the

storm records." Lesson 3 is that of coast subsidence, and, in

the opinion of the author, " it is the business of the geologist to

detect and weigh the evidences of subsidence or elevation of

coasts, and to estimate the rates of movement for the guidance of

local residents and investors, and it behoves such citizens to

avail themselves of the scientific researches."

To the Journal of the Franklin Institute, Mr. Lewis M.
Haupt, an American engineer of reputation in matters relating

to river training and harbour work, contributes a paper dealing

with the present condition of the navigation in the lower reach

of the Mississippi, in which he advocates that the principle of

reaction jetties should be applied for dealing with the contem-

plated improvement of the South-west Pass. The Mississippi

affords an outlet into the Gulf of Mexico for 15,000 miles of

navigable waterways. In the delta the main stream divides into

three principal branches, and although the water is of great
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depth in the channel before it enters the delta, in their natural

condition these channels are so shoal as only to afford sufficient

depth of water for the navigation of the smaller class of

steamers. About a quarter of a century ago Ciptain Eads

entered into a contract with the United States Government to

deepen one of these passes so as to give 27 feet at low water,

and to maintain this depth for a fixed period. Contrary to his

strong remonstrances the South Pass, the smallest of the three

outlets, was selected. Through this pass, by means of two

parallel training walls, the water was confined to a width of

700 feet, and by the scour thus created, aided to a large extent

by dredging, a channel having 26 feet at low water was made,

and has been maintained up to the present time. This contract

has now expired, and the dimensions of vessels in the meantime

having outgrown the channel, the Government have had to con-

sider the question of providing a deeper waterway. The Board

of Engineers to whom the matter has been referred have advised

that the South-west Pass should now be improved and deepened

so as to give a depth of 35 feet at loW water.

The Board of Agriculture has published its annual report for

the year 1899-1900 on the distribution of grants for agricultural

education and research, with statements respecting the several

colleges and institutions allied and the experiments conducted.

The larger portion of the funds distributed in grants by the

Board consists of subventions of a general character awarded to

eight collegiate centres of agricultural education in England and

Wales. Subsidiary grants have also been made to three dairy

institutes, and in aid of the cost of certain specific experiments

undertaken under arrangement with the Board. Examinations

have also been conducted under the joint auspices of the Royal

Agricultural Society and the Highland and Agricultural Society

of Scotland for the recently established national diploma.

Mr. Harold Wager reprints from Cn^ Journal ol the Lin-

nean Society an interesting paper on the eye-spot in Euglena.

He finds it to consist of a mass of pigment-granules apparently

imbedded in a protoplasmic matrix. The light absorbed by the

eye-spot seems to act upon a swelling near the base of the

flagellum, and thus to modify its movements. Euglena appears,

therefore, to possess a very simple form of light-organ, consisting

of a sensitive region—the swelling on the flagellum—and a

light-absorbing pigment-spot.

In a note contributed to the Reniiconto of the Naples

Academy, vi. 5-7, Dr. Giuseppe de Lorenzo discusses the

probable causes of the increased activity of Vesuvius at the be-

ginning of May list. This activity assumed the form of

" Strombolian " explosions audible as far away as Posiiipo, by

which masses of incandescent lava were hurled into the air to an

altitude of about 500 metres. These explosions Dr. de Lorenzo

attributes to the exceptional rainfall, which, filtering through

the volcanic cone, has penetrated to the column of lava. This

hypothesis appears in conformity with the observations of

Spallanzani, von Rath, Dana and others, and with the experi-

mental researches of Daubree.

Two papers on the figure of the earth have recently appeared,

one, by M. Marcel Brillouin, in the Revue ginerale Jes Sciences,

xiv., and the other, by Ingeguere Ottavio Zanotti Bianco, in the

Atti o( the Royal Academy of Turin, xxxi. M. Brillouin dis-

cusses the different geoidic surfaces adopted in the problem of

reduction to sea level, jand points out the relative advan-

tages of the geoids of Pratt and Helmert. Bianco's paper

contains extracts from the writings of Pratt and Helmert,

showing the relative part played by these investigators and by

Bruns in developing the general theory of geoidic surfaces.

The Selborne Society's magazine. Nature Notes, contains in

its September issue an interesting account of a mirage, seen last

June over the Needles (Isle of Wight) from the opposite shore,
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by Captain Giles A. Daubeny. It is not uncommon when look-

ing at a distant headland to see the appearance of a pointed

nose jutting out over the water—an effect caused by the forma-

tion of an inverted image near the water-line ; but in the present

instance four different horizons appear to have been observed

when viewing the rocks through a telescope.

The admirable series of memoirs published by the U.S.

Department of Agriculture on the harmfulness or otherwise to the

agriculturist and horticulturist of the commoner birds of North

America has recently been augmented by one from the pen of

Mr. F. E. L. Beal, dealing with the food of the bobolink, black-

birds and grackles. This memoir forms Bulletin No. 13 of the

Department. The bobolink is an exception to most birds

in that, both at seed-time and harvest, it inflicts immense

damage on the rice-crops of the Southern States. At present,

therefore, the harm it does far outweighs such benefits as it may

confer ; but as the bird could exist perfectly well without touch-

ing a grain of rice, hopes are entertained that means may be

found of checking its depredations on that Crop. Oa the other

hand, most or all of the so-called blackbirds (which are not to

be confounded with the species of the same name in Europe)

feed largely upon noxious insects and weed -seeds, and are there-

fore highly beneficial to the cultivator. Much the same may be

said of the grackles. As usual, the Bulletin is illustrated with

good figures of the species described, and the whole publication

does the greatest credit to the Government by whom it is issued.

Bulletin No 67 of the West Virginia University Experiment

Station is devoted to a communication by Dr. A. D. Hopkins

on the Hessian fly in West Virginia, and how to prevent losses

by its ravages. As the result of his investigations, the author

finds that the date of the appearance of the swarms of this

insect depends upon the latitude and altitude of the place, and

he gives a formula by means of which the former may be

approximately determined for any particular locality. From

this the dates may be calculated at which it is reasonably safe

to sow wheat in order to escape loss from the ravages of the

pest. The approximate limits of the best wheat-sowing period,

and also the approximate normals for the disappearance of the

fly in different districts, are graphically illustrated by means of

a map.

The September issue of the American Naturalist commences

with an interesting paper, by Miss (or ? Mrs.) Sampson, on

unusual modes of development among frogs and toads. Com-

mencing with a rt'sumd of the normal mode of breeding as

exemplified in the common frog, the author goes on to show

how different members of the group depart from this mode of

procedure. Two species, for example, the one from West

Africa and the other from Brazil, deposit their spawn in ne.sts

formed of leaves stuck together, the tadpoles moving in a mass

of froth, recalling that of the cuckoo-spit insect. In both these

instances the spawn is deposited in the neighbourhood of water,

into which the tadpoles ultimately fall ; but in a tree-frog from

Rio, in which the eggs are likewise hatched in a frothy mass

among leaves, the larvae actually die if they are put into water.

In another Brazilian tree-frog the tadpoles frequent cracks in

rocks, and adhere to the surfaces of the latter by means of an

abdominal sucker. Full reference is made to the mode of

development in the Surinam toad, and also to that of the mar-

supial frogs, in which the young are hatched in a dorsal pouch.

But perhaps the most extraordinary "nursery" arrangements in

the entire group are those of the Chilian Rhinoderma, in which

the tadpoles undergo their development in an enormous pouch

on the throat of the male. In the same journal Mr. F. Russell

has a paper on cranial abnormalities in the American races,

among some of whom the persistence of the frontal suture may

occur as frequently as 29 per cent.
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The October issue of the Entomologist contains a summary

of the capture of rare British insects during the past summer

and autumn. In addition to the swarms of the pale clouded

yellow butterfly (Coitas hyale), to which allusion has been

already made, no less than ten examples of the Camberwell

beauty ( Vanessa antiopa) are recorded as having been taken in

the south-east and east of England. Caterpillars of the death's-

head moth {Acherontia atropos) have been extraordinarily

abundant in potato crops during the season, and many other

rarities are recorded.

The Bulletin of the American Mathematical Society for

October contains a useful list of courses in mathematics

announced by seventeen German universities for the 1900-1901

session.

The Department of Mines, Victoria, has issued No. 7 of the

Reports of the Victorian Coal-fields, by Mr. James Stirling, the

Government geologist. It consists of descriptions, with illustra-

tions, of the fossil flora of the Jurassic beds of South Gippsland.

A SIMPLE description of the movements and obvious character-

istics of the members of the solar system, and other celestial

bodies, is given in Mr. W. T, Lynn's " Astronomy for the

Young" (pp. 51), the second edition of which has just been

published by Mr. G. Stoneman, London, E.G.

The lecture syllabus of the Hull Scientific and Field

Naturalists' Club for the winter session ranging from October

to March has just reached us, and gives promise of a lull and

interesting winter's work. Judging by the contents of the Trans-

actions of the Club for 1900, a copy of which has also been sent

to us, the institution is in a healthy and vigorous condition.

County floras have at present been pretty much confined

to flowering plants and fern allies. We welcome the precedent

set by the Yorkshire Naturalists' Union in issuing an Alga-Flora

of Yorkshire, being a complete account of the known freshwater

algse of the county, by Mr. W. West and Mr. G. S. West. The
present publication, which is only a first instalment, includes

208 species.

The October number of the Contemporary Keveiiv contains

two articles of scientific interest, one, by Prof. Marcus Hartog,

on " Interpolation in Memory," and one by Mr. A. Shadwell,

entitled " The true aim of Preventive Medicine." The current

issue of the Humanitarian has in it a very readable contribution

on " Heredity as a Factor in the Interpretation of Disease," from

the pen of Prof. D. J. Hamilton of Aberdeen.

A PROOF of old Semitic influence in South Africa is aff'orded,

according to K. Meinhof {Globus, Band Ixxviii. p. 203), by the

occurrence of the word "darami" or " ndalama " in various

Bantu dialects for " gold." An ancient Arabic word for gold was
"dirhem,"pl. " darahim." According to the phonetic system

of the Bantu languages this would necessarily be transformed

into "ndalama."

Mr. C. Fox-Strangways contributes some interesting notes

on Spitsbergen and Iceland in the Transactions of the Leicester

Philosophical Society for April, 1900. Having spent only a

short time on these islands, the author does not claim to record

much that is new regarding them, and his article is written

chiefly in explanation of a series of photographs which are

reproduced to accompany the notes.

The additions to the Zoological Society's Gardens during the

past week include a Brown Capuchin {Cebus Jatuelliis) from

Guiana, presented by Mrs. W. L. Gower; two Yellow-whiskered

Lemurs (Lemur xanthomystax) from Madagascar, presented by

Mr. J. B. Joel ; a Common Genet {Genetta vulgaris), European,

presented by Baron de Soutellinlio ; an Alligator (Alligator
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mississippiensis) from North America, presented by Mrs.
Bazalgette ; a Porose Crocodile {Crocodiltis porosus) from the
East Indies, presented by Miss Gwendoline Waite ; a Broad-
nosed Lemur (Hapalemur simus) from Madagascar, four Indian
Fruit Bsii?, {Pteropus medius), six Starred Tortoises (Testudo
elegans) from India, a Dusky Sloth [Bradypus infuscatus) from
Colombia, an Illiger's Macaw {Ara maracana) from Brazil, two
Salvin's Amazons {Chrysotis salvini), an Annulated Terrapin
(Nicoria anmilata), a Brazilian Tortoise (Testudo tabulata), an
Electric Eel (Gymnotis electricus) from South America, four

Wrinkled Terrapins {Cyclemmys scripta rugo'sus) from the West
Indies, a Common Water-Buck (Cobus ellipsiprymnus) from
South Africa, deposited ; a Violaceous Night Heron {Nycticorax

violaceus) from South America, purchased.

OUR ASTRONOMICAL COLUMN.
Ephemeris for Observations of Eros :—

R.A.' Decl.

Oct. 2 36 36 GO

35 3095
34 21 37

33 7-26

31 4874
30 25-82

28 58-65

2 27 27-35

New Planetary Nebula.—Mr. R. G. Aitken writes to the
Astronomische Nachrichten (Bd. 153, No 3667) announcing that

the object catalogued as star BD -t- 83°-357 is a small planetary
nebula. With the 36 inch Lick telescope the object appears to
have a stellar nucleus of about 10 5-1 1 magnitude centrally

placed in a circular nebulous envelope about 5"-6" of arc in
diameter. The complete object is about 9-5 magnitude, and
its position is :

—

+ 50 47 I3"4

51 4 38-6

51 21 32-0

51 37 51-5

51 53 35-1

52 8 41 -o

52 23 7-4
-1-52 36 52-0

h. m. s.

RA. 12 29 10
Decl. -i- 83° 21' -8

}(i85S'o).

Paris Observatory, Annual Report.—In his report of
the work accomplished at the Paris Observatory during the year

1899, M. Loewy, the director, states that a considerable part of

the time was spent in preparing for the Exposition. Special

photographs on a large scale were taken of the moon about the

time of first and last quarter, giving an image about i jSm. in

diameter ; considerable difficulty was encountered in the pre-

paration of the plates for these, and special mention is made of

the services rendered by MM. Lumiere in this matter. Among
the new instruments adopted are (a) the mercury bath designed

by M. Hamy for registering earth tremors, {b) a new micrometer
by Gautier for measuring the chart plates, [c) a new form of

chronograph designed by M. I'Abbe Verschaffel, director of the

Abbadia Observatory. This latter has been introduced for use in

the proposed new determination of the diff"erence in longitude

between Paris and Greenwich.
For the chart photographs ninety-six sheets have been issued,

and the first part of the catalogue, giving the exact positions of

stars down to the eleventh magnitude, will ba issued during the

present year. An investigation is in progress for determining

more accurately the photographic magnitudes of stars. Valuable

help has been given by M. I'Abbe Verschaffel, of Abbadia, who
has determined the coordinates of 3700 fundamental stars of

reference for the chart photographs. A fourth volume of the
'

' Atlas de la Lune," containing seven plates, has been published,

accompanied by a descriptive memoir.
M. Bigourdan has continued his study of the nebulae, having

now measured the poiitions and made detailed study of 6000 of

them ; to complete his programme of work 400 more still remain
to be examined.
The small equatorial Coude, which was the first instrument

of this type, has been entirely remodelled. A new objective has

been made by MM. Henry, of longer focus than the old one
(5-25 metres instead of 4 "22), the silvered mirrors protected

more from the action of atmospheric gases, and the whole in-

strument encased in a thick layer of felt. These modifications

have removed all the defects existing in the old telescope.
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RANGE-FINDERS}
^AVAL and military authorities are agreed that for accurate

shooting almost everything depends upon the range being
known with sufficient exactitude. It is not surprising, therefore,
that an immense amount of attention should have been devoted
to methods of rapidly determining the ranges of distant objects,
whether stationary or in motion. These methods may be
classified as follows :

—

(1) J/cr/;a«/t-a/.—In this method a trial shot is fired from a
gun, and so far as is practicable observation is made as to
whether the shot strikes the ground (or the sea) on the near or
the far side of the target. The results of the observation are
used to correct the next trial shot, and so on. The method is
clumsy and (at all events on board ship) costly ; it is inapplic-
able in a naval engagement where the ranges frequently alter
with great rapidity, and is, of course, totally inapplicable for
purposes of navigation. On the other hand, it involves the use
of no instrument beyond those ordinarily used in warfare.

(2) Flash andSoundMethod.—W^x^ the time-interval between
seeing the flash and hearing the report from one of the enemy's
guns is measured by a suitable chronograph or, by starting to
count at the rate of eleven in three seconds immediately on
seemg the flash ; the number arrived at on hearing the report
will roughly give the number of hundreds of yards in the range.
This method is, of course, inapplicable amid the din of a
general engagement, and besides it permits the enemy to have
the first shot.

(3) Optical Range-finders.—\w the determination of a distance
by an optical range-finder, length of base and titne available are
very important factors. Given plenty of base-length and plenty
of time, a theodolite, such as is used in surveying, satisfies all
the conditions except that of portability. However, time is

usually so important a factor for military operations that the
theodolite is completely excluded even for field service. If the
time is restricted, but the extent of base unrestricted, recourse
may be had to long-base, two-observer instruments, such as
those now in use by infantry and field artillery. When both base
and time are restricted, as they are on board ship—and moreover
the observer's station is itself in motion—the problem becomes
at once much more difficult and much more interesting. We
need not then be surprised that while military range-finders are
usually simple and cheap, naval range-finders are comparatively
costly and complicated.
The operation of all optical range-finders depends upon the

measurement, by some device or other, of the angle subtended by
a known base-length at the distance to be determined, the
base being almost invariably " broadside-on " to the
point. Where the known base is at the target and the
point is at the observer's station, the operation of deter-
mining the distance consists simply in measuring the angle
subtended by the base at the point. Instruments of this
class measure, say, the angle subtended by the height of a man
(assumed to be of mean stature) at the observer's station, and
require for their successful employment the co-operation, willing
or otherwise, of the enemy, and are therefore seldom applicable
under the conditions of modern warfare. Men who have returned
from active service in South Africa have stated that sometimes
they never saw a Boer in an engagement. Where the known
base IS at the observer's station, which is an essential charac-
tensticof all range-finders of general application (the instruments
previously described being in reality mere angle-measurers), the
operation of determining the range consists almost invariably in
swingmg the base round until it is '* broadside-on " to the target,
and then measuring the angle subtended by the base at the
target. The measurement of the angle at the target is very
commonly effected by making one of the base-angles a right
angle, and observing how much the other is "off'" the right
angle (mekometer, &c.), or else by observing how much the sum
of the base-angles is less than two right angles (naval ranee-
finder, &c. ).

Since a mere enumeration of the names of inventors of range-
finders would occupy the whole of the available time for a lecture,
It will be necessary to restrict the selection of examples to those
instruments which are, or promise to be, in actual operation
for warlike purposes. Attention then will be confined to the
following instruments :

—

(i) The Watkin mekometer, used by our troops in South
Africa.
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(2) The Watkin depression range-finder, used at certain
stations for coast defence.

(3) The Zeiss tele-stereoscope.

(4) The Barr and Stroud range-finder, used in the British and
other navies, in coast fortifications, and to some extent in the
field.

Restrictions of time unfortunately render it impossible to
describe the Watkin artillery range-finder, as well as the
Fiske instrument which is used to some extent by the U.S.
Navy.

(I) Mekometer.—1\):\% instrument consists of two parts con-
nected by a cord 25 or 50 yards long, which is kept tightly
stretched by two observers, each of whom supports one of the
parts. These two observers are designated respectively the right-
angle man and the range-taker. The former carries a small
optical square or instrument in which two mirrors are fixed at
45" so as to set out a right-angle.

The part carried by the range-taker consists practically of a
box-sextant in which one of the mirrors is adjustable by means
of a graduated micrometer-screw, on which the ranges are
marked for the base specified, the infinity mark corresponding
to the case when the mirrors are exactly at 45°. Each of the
parts of the instrument carries a prominent mark in a suitable
position, and the operation of taking a range on a fixed object
is as follows :—The two observers supporting the instruments
connected by the taut cord set themselves in such positions that
the cord is nearly "broadside-on" to the target; the range-
taker now stands still, while the right-angle man—by moving
forwards or backwards, with the cord always taut—adjusts his
position accurately, so that the image of the mark on the range-
taker's instrument, seen through his optical square, coincides
with the target viewed directly. He now shouts " On," when
the range-taker adjusts his micrometer-screw so as to bring the
mark on the other instrument into coincidence with the target,
and then the reading on the graduated scale gives the range.

For objects in motion the range-taker remains steady, while
the right-angle man, as far as possible, continuously shifts his
position so as to keep the mark on the range-taker's instrument
and the target in coincidence. In cases of rapid motion at right
angles to the line of sight, difficulties are experienced in keeping
continously " on," and in such cases the right-angle man shouts
"On" whenever the mark passes the target, and the range-
taker then seizes the opportunity of taking the range.
There are several serious objections to two-observer instru-

ments. In the first place, they cannot be used for the measure-
ment of the distances of sky-lines, trenches, hedges, &c., of a
more or less horizontal character, with no prominent vertical
features about them. Secondly, it not infrequently happens
that the two observers are working on different objects altogether
or on different portions of the same object, in which case an
entirely fictitious range is obtained. Most important of all,

they necessarily expose the range-takers. It has been stated
that several casualties have occurred in South Africa among men
engaged in range-finding. Under such conditions as those per-
taining in South Africa, it is obviously most risky to expose men
in the open. Single-observer instruments are free from all

these defects.

(2) Depression Range-finder.— li we have a vertical base, and
if the target is constrained to move in a horizontal plane, we
may dispense with the right-angle man altogether. The only
case where this plan can be adopted in practice is when we wish
to determine the range of a ship from a hill near the coast.

The base-line is now the vertical height of the observing station
above sea-level, and the range is obtained very simply by
observing the angular depression of the water-line of the ship.

Allowance has to be made for the effect which the tides produce
in varying the equivalent height of the base. Unfortunately,
the water-line of a ship—especially if the waves are at all high
—forms an exceeding bad object upon which to observe, and
this uncertainty can only be compensated by having a very long
base— /.<•. by having the range-finder at a very considerable
altitude, say 150 feet or so. We therefore cannot use such an
instrument on a flat coast, nor can we u«e it for determining
distances at night, unless we can sufficiently well illuminate the
water-line of a ship by means of a search-light.

(3) Zeiss Range-finder.—Thh is the first of the two single-
observer instruments which it is proposed to describe in the pre-
scribed limitsof time. The credit of the idea underlying the con-
struction of the instrument is due to the late Herr Grousillier of the
German Army, but as the firm of Zeiss, of Jena, have spent many
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years in working out the details of the instrument, it will

probably be known in the future by their name. In the tele-

stereoscope of Helmholtz two parallel reflectors are placed with

reference to each eye, in such a position as to produce the optical

equivalent of an increase in distance between the two eyes.

Then when we look into the instrument at a distant landscape
we shall get the appearance shown in Fig. i. If this picture

be viewed stereoscopically we shall obtain a mental impression

as to the distance of any part of the landscape by comparison
with the marks, and in this way get its approximate range.

Fig. I.—Field of view in the Grousillier-Zeiss stereoscopic range-finder.

This increases the stereoscopic effect. In the next place, by

placing a telescope before each eye (and the two telescopes may
conveniently be incorporated in the frame- piece supporting the

reflectors), we multiply the stereoscopic effect still further, e.g.

if the distance between the eyes has been artificially increased

tenfold by the reflectors, and if the telescopes magnify tenfold,

the stereoscopic effect will be increased altogether one hundred-

fold. In this way immense stereoscopic solidity is imparted to

the picture in the field of view.

Fig. 2.— Bridge of H.M.S Royal Soverfign, showing Barr and Stroud
range-finder on the top of the chart-house.

This instrument may be adapted to range-finding in the follow-

ing way -.—Suppose we imagine for the moment the instrument
fixed, and that we see in the field of view of each eye the image
of a pole 1000 yards away. Let permanent marks be made in

the focal plane of each telescope exactly coincident with these
images. Then, whenever we look into the instrument we shall

apparently see a pole at a distance of looo yards. Let a similar

pair of marks be fixed corresponding to i lOO yards, and so on.
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The instrument is highly ingenious and very pretty, and it will

no doubt offer a solution of the problem of military range-

finding should it prove sufiiciently accurate in practice.

{4) B. and S. Naval Range-fivder.—This instrument, with

a base of 4^ feet, has been adopted in her Majesty's Navy, and

Fig. 3, d Stroud range-finder on fortress mounting.

nearly all the larger ships are now equipped with one or more
of them. Fig. 2 shows a view of the charthouse of H.M.S.
Royal Sovereign, on the top of which the range-finder will be

seen near the Kelvin compass.
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This instrument, in favourable circumstances of weather,
will measure ranges in a few seconds of time with an accuracy
of something like 3 yards at looo yards, 30 at 3000. 120 at 6000,
and so on. Prof. Barr, of the University of Glasgow, and the
lecturer devised the instrument in its main features in 1888 ; it

took, however, a period of five years to make a satisfactory
naval instrument, and for the past seven years the improvement
of the optical and mechanical details has been going on.i

Fig. 3 shows the same instrument mounted for fortress
observation.

It is claimed for these instruments that they offer a solution
—of course not necessarily the only or the best—of the
problem of range-finding in all cases where want of portability
is not a drawback. 1

B. and S. Field Range-finder.—Fig. 4 shows a smaller
instrument of the same type with a base of 3 feet, which
weighs 1 2 lbs. One of these-instruments has been used by Major
Guinness in South Africa since the beginning of February, and
that ofticer reports that after carrying the instrument on his
ammunition wagon over all sorts of ground for six months it

was in no way damaged or deranged. The figure shows how

ngc-liiider.

the range-finder can be used for taking a distance with prac-
tically no exposure of the man.
The lecturer concluded by describing and exhibiting the

electrical telegraph for naval use which Prof. Barr and he had
devised at the request of the Admiralty, so as to enable the
captain of the ship in the conning tower to receive from the
range-taker continuous records of the enemy's distance and
to transmit the same and also orders to the guns. The
importance of trustworthy means for transmitting orders and
other communications from one station to another on a war-
ship is now fully realised. Thus, for example, it is reported
that in the opinion of Admirals Fournier and de Beaumont and
the officer in command, the loss of the French torpedo-boat
destroyer Frainee, which occurred about a month ago, was due
to the fact that the apparatus on board the vessel for the trans-
mission of orders was inadequate. The need for continuous
and almost instantaneous transmission of ranges to the gunners
will be obvious when it is remembered that in naval engage-
ments the range is continually and rapidly altering.
The lecturer concluded by expressing his thanks to Mr. J. J,

Hicks, of London, Mr. Steward, of London, and Messrs.
Zeiss, of Jena, for the loan of range-finders to illustrate the
lecture.

1 Readers unacquainted with the instrument are referred for details of
Its construction to Transactions of Inst, of Mech. Eng. (1806) or
Engineering, 1896 Part i. p. 233, &c.
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MECHANICS^ AT THE BRITISH
ASSOCIA TION.

^LTHOUGII no very striking paper was presented to the

I

section at this meeting, still several papers of value and
I

of considerable interest were dealt with.
I

In the committee of the section two very important pieces of

j

work were carried out. The committee on small screw gauges,

j

which has now been at work for some years, presented an
interim report in which the difficulties the committee had met

I with in obtaining standard gauges were very fully discussed, and
j

an account of some experiments on different forms of threads,

j

made by Mr. T. M. Gorham and Mr. W. A. Price in the

I

laboratory of Prof. liudson Beare at University College,

;

London, were described. The committee stated in their report
I
that they have now every hope of bringing their inquiry to a

I

successful conclusion, and the committee was therefore re-

j

appointed and a grant was secured for the necessary expense of

I

completing the work.

j

A committee was also appointed at Bradford to deal with the
question of the resistance of road vehicles to traction. Prof.
Hele Shaw read a short paper before the section, drawing
attention to the need of modern experiments on the nature of
the resistances encountered by vehicles on the common road.
He pointed out how the growth of the cycle and motor car
industry made information upon this point a matter of the
greatest importance.

There is no doubt that we are- on the eve of a very consider-
able increase in mechanical propulsion on common roads, and
at present designers of such vehicles have to rely largely upon
old experiments with solid steel tyres, and carried out on roads
very different indeed from the modern roads. The powerful
auto cars which can now be obtained make it comparatively an
easy matter to determine the tractive power necessary to move
a vehicle with any load upon any type of road, and no doubt
the work of the committee will largely consist—after a suitable
dynamometer and speed indicator have been arranged for—in
carrying out exhaustive experiments with different types of
vehicles and different types of tyres on all the various classes of
roads now in use.

A grant of money was secured from the Association for the
purposes of this committee, and we have every hope that when
the committee submits its report it will justify its appointment.

In the work of the section papers by local engineers bulked
largely. Perhaps the two most interesting and valuable were
a paper by Mr. J. Watson, the Waterworks engineer at Brad-
ford, in which the new Nidd Valley Waterworks were de-
scribed, and the paper by Mr. J. MacTaggart, the Superin-
tendent of the Cleansing Department of the City of Bradford,
entitled "The Disposal of House Refuse in Bradford."

In Mr. Watson's paper a short historical summary of the
various schemes for supplying Bradford with water was given,
followed by a very exhaustive and complete account of the Nidd
Valley scheme. This scheme, now rapidly approaching com-
pletion, is one which will cost the City of Bradford nearly
1,500,000/. and will afford a supply of about twenty million
gallons of water per day, and in addition will provide a large
compensation reservoir (Gouthwaite) for the land-owners along
the Nidd Valley.

It is essential for such a city as Bradford, where the chief
industry is that of the woollen trade, that the water shall be
very soft, and, of course, this led to some difficulty in finding a
suitable collecting ground for the city supply.
The section had the opportunity of visiting, under the

guidance of Mr. Watson, portions of the works on the Saturday
of the meeting.

In Mr. MacTaggart's paper very valuable information was
given as to the most modern methods in a big manufacturing
city for the disposal of the daily city refuse. So successful have
the various arrangements been, mostly due to the author, that
it is hoped in time the destruction of the whole of the refuse of
the city will be carried out, not only without creating any
nuisance, but without any cost to the ratepayers. The refuse
is chiefly dealt with by destructors, and the great merit of the
Bradford system is in the utilisation of the clinker produced in

the destructor furnaces for various useful purposes, the power
to work the machinery required for these purposes, and the
lighting of the works all being obtained from the steam generated
by the surplus heat of the destructors. A large number of speci-
mens were shown to the section of concrete paving-slabs.
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bricks and encaustic tiles manufactured from the clinker, and

some interesting figures as to the strength of these materials were

also given.

Another paper by a Yorkshire engineer, Mr. E. K. Clark,

dealt with the subject of the shop buildings in large engineering

works. The author had collected a large amount of statistics

and figures, both as to the method of construction now generally

adopted—viz., the shops all on one level—and as to the materials

commonly used in their construction, and the paper will form a

very valuable reference for any engineer engaged either in laying

out new engineering workshops, or in reconstructing old

buildings.

Mr. Glass contributed a lengthy paper dealing with the coal

and iron ore fields of Shansi and Honan, and railway con-

struction in China. The author was engaged in 1898 by a

syndicate to proceed to China, and to examine and make a com-
plete report on the coal and iron-ore fields of these two im-

portant provinces of China, and also to make surveys for the

railways which it would be necessary to construct in order to

utilise these deposits.

An interesting description was given of the general features of

the country, illustrated by some beautiful lantern slides from
photographs taken by the author, and also a very complete
account of the Chinese method of working these mineral deposits.

The author stated that it was somewhat difficult to arrive at very

exact estimates of the quantity of coal available in these great

fields, but it is believed there are more than 33,000 square miles

of coal-fields in Shansi alone, and that the present output of

Great Britain, which is more than 200 million tons a year, could
be maintained from the anthracite coal-fields of Eastern Shansi
alone for a period of 3000 years.

Samples of the coal have been analysed and show that it is a
good steam coal.

Similar favourable accounts were given in regard to the iron

ore deposits, and the author computed that it would be possible

to produce a ton of pig-iron from these ores at the very low cost

of I2s. i^d. per ton, assuming labour to be at the same rate as

it is now at Middlesbrough in England. The lowest price at

which the pig-iron was being sold at ttie foundries visited by the
author was a little over 20s. per ton.

The extraordinary richness of these mineral deposits and the
enormous area awaiting development show how pressing the
problem of reorganising peacefully the internal government of
China is for the civilised world.

On the day devoted to electrical engineering, two short com-
munications were read by Sir Wm. Preece and Mr. F. J. Behr,
dealing with the proposed Monorail High Speed Electric Line
between Manchester and Liverpool.

It will be remembered this scheme came before Parliament
last session and was rejected, largely owing to the strenuous
opposition of the existing railways.

The interesting feature in these papers was the account given
of the brakes and signals which it is proposed to adopt, which
must be an important matter on a line where it is proposed to

run the trains at frequent intervals, and at such an excessively
high speed as 1 10 miles per hour. Perhaps if the promoters had
been content to reduce the proposed speed somewhat at the
beginning, their scheme might have been more favourably con-
sidered.

A valuable paper dealt with on this day was one on the
measurement of the tractive force, resistance and acceleration of
trains, by Mr. A. Mallock. The author described the apparatus
which he used for the purpose, and gave an account of some
experiments which he has recently carried out on these important
questions. He concluded from his results that pendulum obser-
vations combined with a record of speed and power offer a
simple and effective means of determining the resistance to and
efficiency of electric or other kinds of motor vehicles.

On this day also, a communication from Mr. W. T. E. Binnie,
a son of the president, was read, describing a new form of self-

registering rain-gauge which he has invented. The accuracy of
the gauge depends on the fact that all drops falling from a tube
are of constant size, provided that the tube is either very small
so that the water passing down the interior chokes the bore, or
that some special device is provided to spread out the water so
as to vvet the entire circumference of the tube. If, therefore,
the weight of each drop were ascertained, it is clear that a
measure of the amount of water passing down the tube would be
obtained by counting the number of drops, and the electrical
appliances are concerned with this part of the work.
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An instrument made on this principle has been in operation
for some time, and the records obtained from it in a period of
five months give a total ekcess of i '6 per cent, over the register
of an ordinary rain-gauge.

Mr. W. Dawson contributed a paper descriptive of the
Demerbe system of tramway construction, a system which has
been tried on the Bradford Corporation tramways and found
very successful in the reduction of the cost of permanent way
repairs. In the Demerbe system the rail consists of a hollow
trough and the fish plate is placed inside under the ends of the
rails and exactly fits its contour, the fish-plate being forced into
close contact with the under side of the rail by driving in two
cotters. The rail, when laid in position, is completely filled,

by means of specially-designed tools, with concrete. The tie

bars are flat and very simply arranged, and the gauging of the
rails can, therefore, be done rapidly with almost mathematical
exactitude.

The system certainly seems to have considerable merits com-
pared to the girder system of tram rails.

Two other instruments described in short communications
were a combination integrating wattmeter and maximum
demand indicator, ithe invention of Mr. J. H. Barker and Prof.
Ewing, and a new form of calorimeter for measuring the wetness
of steam, designed by Prof. Goodman.
The former instrument is designed to measure two quantities,

the total amount of electricity used by a consumer and the
maximum number of lamps or their equivalent ever lighted at

one time. By this means it is possible to grade the charges for

electric energy, and it enables the consumer to be charged at a
lower rate for current he may use over and above the units

which would have been used had the largest number of lamps in

his installation burnt for one hour every day during t he whole
period the current was in use.

Prof Goodman's instrument is intended to get over some of
the more serious difficulties in measuring the wetness of steam
supplied by any boiler. He discards entirely the wire-drawing
system, and determines the wetness by condensing a known
weight of the mixed steam and water in a known weight of
cold water, and measuring the rise of temperature.

Prof. Beaumont, of Leeds, in a most interesting paper de-
scribed the photographic method of preparing textile designs
due to Szczepanik, a number of designs being shown which had
been produced by this process.

In continuation of a paper which was read before the Asso-
ciation at Liverpool in 1896, Mr. A. T. Walmisley gave further

information as to the use of expanded metal in concrete work,
and gave particulars of a number of important tests which have
been carried out to determine the increase of strength and the

adhesion between the concrete and the metal.

The attendance at the sectional meetings was very good,
and the president. Sir Alexander Binnie, may be congratulated

on a successful and useful meeting.

BOTANY AT THE BRITISH ASSOCIATION.
T N the absence of Prof. Vines the presidential address was read
-• by Dr. D. H. Scott. On the motion of Prof Bayley Bal-

four, supported by Prof. Marshall Ward, Prof. Bower and other

speakers, it was unanimously agreed to ask the Recorder of the

Section to convey to Prof. Vines the sincere regret of the

Botanists that he was prevented by illness from presiding over
their meeting.

The customary semi-popular lecture was this year delivered

by Prof Percy Groom, who chose for his subject *' Plant-form
in relation to nutrition."

On Monday, September 10, the Section of Geology joined

Section K in a discussion on the conditions under which the

plants of the Coal Period grew. The discussion was opened by
Mr. Kidston (Stirling), who gave a general account of the flora of

the Coal-measures, illustrated by a series of excellent photo-
graphs of the various types of Upper Carboniferous plants. Mr.
Seward dealt with the botanical evidence bearing on the climatic

and other physical conditions under which coal was formed. On
the geological side the discussion was opened by Mr. Strahan and
Mr. Marr. Dr. Horace Brown discussed the question of the

possible richness in CO2 of the coal period atmosphere, and gave
an account of some of his recent experiments with plants grown
in an atmosphere containing twice or thrice the present amount
of carbonic acid gas. Dr. Scott, Dr. Blackman, and Prof Hartog
also took part in the discussion from the botanical standpoint.
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General.

Prof. Bower, F.R.S ,
gave an account, illustrated by several

excellent photographs, of sand-binding plant as seen in the dunes
on the Scotch coast in the neighbourhood of North Berwick.

British sylviculture, by Samuel Margerison. In this commu-
nication atteniion was called to the large importation of foreign

timber, and the urgent need of Government aid in the produc-

tion of British timber. The author spoke of the existence of

much land in this country at present unproductive, or only

slightly productive, which is suitable for giving a native supply

of timber. He compared the results of Continental and British

sylviculture, and pointed out that in Britain the natural condi-

tions are not less favourable, but the management is generally

inferior. The author urged the importance of encouraging

forestry schools which should afford opportunities for detailed

research and teaching, with equipment, scientific and practical,

worthy of the subject.

The great smoke-cloud of the North of England and its in-

fluence on plants, by Albert Wilson. The author spoke of the

extent of the great smoke-producing district of the North of

England and the miserable condition of the vegetation in some
parts of the area. Among the various points dealt with in the

paper, the following may be mentioned, the long distance

reached by the smoke of large towns ; the discoloration of rain-

water ("black rain ") ; the effect of smoke on mosses and
hepatics as compared with that on higher plants ; the threat-

ened extinction of Ulota and Orthotricha ; the influence of

smoke on sunshine and air-temperalure in calm summer
weather and in anti-cyclonic weather during autumn or winter.

Embryonic tissues, by Prof. Marshall Ward, F.R.S. The
author urged the advisability of improving the current termin-

ology with regard to the nature and growth of the tissues termed
embryonic. Sachs termed all the tissues of the growing-points,

cambium, pericycle, &c., embryonic tissues. Prof. Ward would
restrict the term embryonic tissue to that of the embryo alone

before the desmogen strands are developed, the other tissues

being designated derived ox secondary tissues. The tissues of the

growing-points are derived from embryonic tissue, and differ

from it in that, instead of being capable of developing all or any
part of the plant, they are more or less restricted to the power
of developing shoots, leaves, &c., or only roots. The pro-

posed classification would apply equally to the lower organisms ;

some of the Algas and Schizomycctes appear to be always in the

embryonic stage. Prof. Ward also urged the desirability of

distinguishing between iht assimtlatory gjov/ih of true embryonic
tissues and the vacuolar p-owth of the derived tissues.

Physiology.

Dr. F. F. Blackman and Miss Matthaei communicated the

results of their recent work on the effect of the closure of stomata
on assimilation ; Dr. Blackman also gave an account of his

investigations on the so-called optimum strength of COg for

assimilation.

Formation of starch from glycollic aldehyde by green
plants, by Henry Jackson. Glycollic aldehyde has lately been
isolated in a crystalline state, and more recently it has been
shown by the author that this substance, under the influence of

dilute alkalis, very quickly condenses to two synthetic hexoses.

Leaves of Tropaeoluin and clover, which had been depleted of
their starch by growing in the dark, were floated in a three per
cent, aqueous solution of diose, control experiments being made
with cane-sugar, glycerine and distilled water, the whole series

being kept in the dark for six days. They were then tested by
Sach's method ; those floating in pure water were quite starch-

less, those in glycerine almost so, but those growing in diose

had accumulated starch in the tissues, though not to the same
extent as those placed in cane-sugar.

On the effect of salts on the COj assimilation of Ulva
latissitna, L., by E. A. Newell Arber. It was found that an
inhibition of the power of COj assimilation could be caused by
the presence or absence of certain salts in the medium. Ulva
was obtained free from starch and exposed to light in various

media. In distilled water only a very small amount of starch

was formed, while in tap-water containing traces of nutrient

salts the inhibition was only partial. The presence of NaCl in

the medium was found to be essential in order to obtain the

maximum of COj assimilation. A total or almost total absence
of NaCl caused a very marked inhibition, and no other salt could
be found to replace NaCl in regard to CO.2 assimilation. The
absence from sea-water of any one of the following salts,
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MgCLj. MgSOj, CaSO^, or KCI, did not inhibit the assimila-
tion. The presence of a nitrate in appreciable quantity in the
medium caused an inhibition.

The sea-weed Uiva latissima and its relation to the pollution
of sea-water by sewage, by Prof. Letts and J. Hawthorn. For
a number of years past a very serious nuisance has arisen from
the sloblands of the upper reaches of Belfast Lough during the
summer months, "the stench at low-tide being quite overpowering,
and the air heavily charged with sulphuretted hydrogen.
The nuisance is caused by deposits of the green sea-weed,

Ulva latissima, which in the two localities mentioned grows in
abundance, and during high winds or gales is washed ashore.
In Belfast Lough the quantity thus deposited is enormous.
Once deposited, these layers of sea-weed often remain more or
less stationary for months in the shallow bays or pools of the
neighbourhood, and in warm weather rapid putrefaction occurs,
and a perfectly intolerable stench arises, which is perceptible
over a wide area and seriously affects, not only the comfort of
the inhabitants of the district, but also the value of their property.
The evidence which the authors have collected tends to the

conclusion that the occurrence of Ulva latissima in quantity in a
given locality is an indication of sewage contamination, and
there can be no doubt as to the power which the weed possesses
of absorbing nitrogen compounds from polluted sea-water.
While thus acting as scavenger it may itself give rise to a very
extensive nuisance.

Further investigations on the intumescences of Hibiscus
vitifolius, L., by Elizabeth Dab. In a previous paper (/Voc.

Phil. Soc. Camb. vol. x. 1900, p. 192) the author gave the
results of some experiments, which pointed to the conclusion
that the conditions determining the formation of the outgrowths
were moisture, warmth and light. More recent work has given
the following results: (i) In a moist atmosphere, bright sun-

light and a high temperature, large numbers of intumescences
were formed m two or three days ; (2) outgrowths were pro-

duced under red, yellow and white- washed glass, but not under
blue or green glass ; (3) the distribution of outgrowths is

dependent upon that of the stomata ; (4) the checking of
transpiration in a damp atmosphere is one cause of the develop-

ment of the outgrowths, but this in itself is insufficient. There
is further evidence that an altered course of metabolism is also

involved.

Anatomy, Pal^^jobotany, &c.

On a fourth type of transition from stem to root-structure

occurring in certain monocotyledonous seedlings, by Ethel
Sargant. Van Tieghem dercribed three types of transition from
a stem to a root-structure ( 7>aiVi/ fl?'^ Botanique, 1891, p. 782).

Miss Sargant found a fourth type in certain monocotyledonous
seedlings. The best example is Anemarrhena asphodeloities,

but there are very clear traces of the same structure in some
allied genera. In Anemarrhena asphodeloidcs there are two
bundles in the cotyledon which pass downwards through the

hypocotyl into the primary root. During the transition each
phloem group divides into two. Each xylem group branches in

three directions. It sends a group of protoxylem elements to

divide its own two phloem groups from each other. Two
lateral protoxylem groups are also formed from the xylem of

each bundle in the space dividing the bundles from each other.

The four lateral protoxylem groups thus formed are reduced to

two by the fusion of adjacent groups in pairs. In the end,

there are four phloem groups and four protoxylem groups in the

root-stele.

On the presence of seed like organs in certain Palaeozoic

lycopods, by Dr. D. H. Scott, F.R.S. Specimens discovered by
Messrs. Wild and Lomax in the Lower Coal-measures of Lan-
cashire prove that the seed-like bodies described by Williamson
under the name of Cardiocarpon anomahim were borne on
strobili, agreeing with Lepidostrobus. Each megasporangium,
which was seated on the upper surface of the sporophyll, became
enclosed, when mature, in an integument springing from the

tissue of the sporophyll-pedicel. The integument closed in over

the top of the sporangium, leaving only a narrow crevice or

micropyle, which differed in its elongated, slit-like form from the

more or less tubular micropyle of an ordinary seed. Within the

megasporangium four megaspores were produced, one of which
occupied almost the whole of the sporangial cavity, while the

other three remained small, and were evidently abortive. The
integumented megasporangium, containing the single functional

megaspore or embryo-sac, became detached, together with the

remains of its sporophyll, from the cone. It appears to have
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been indehiscent, and presents close analogies with a true seed.

In a male strobilus, probably of the same species as the speci-

mens above described, the microsporangia were found to be pro-

vided with integuments, resembling those of the megasporangia,

but more widely open.

It is proposed to give the generic name Lepidocarpon to this

Lepidostroboid fructification.

The primary structure of certain Palaeozoic stems referred to

Araucarioxylon, by D. H. Scott, F.R.S. The Palaeozoic forms

oi Araticarioxylon have been shown to belong in most casesto

the stems of the extinct Gymnospermous order Cordaiteae, which

was in some respects intermediate between Cycadales and
Coniferae. The Cordaitean stems hitherto investigated resemble

Coniferae in the development of their wood, for the spiral first-

fortrftd tracheides are found in contact with the pith, the whole

of the wood, primary as well as secondary, having thus been

developed in centrifugal order. The specimens of Lower
Carboniferous age now illustrated are peculiar in possessing dis-

tinct strands of primary wood in the pith. In one, Araticari-

oxylonfasciculare, sp. nov., the pith is small, but the primary

strands of xylem are of large size, attaining their maximum
diameter when about to pass out towards a leaf. Their structure

is mesarch, and they closely resemble the corresponding strands

in Lyginodendron Oldhainium. The secondary wood has

narrow medullary rays, and resembles that of an araucarian

Conifer. The other species is identical with Araucarioxylon

antiquum of Witham. The interest of the two species (de-

scribed from specimens in Mr. Kidston's collection) consists in

their affording a link between certain of the Cycadofilices and
the Cordaite^.

On the structure and affinities of Dipteris conjugata, with

notes on the geological history of the Dipteridinae, by A. C.

Seward. F.R S., and Elizabeth Dale. The genus Dipteris is

represented by four recent species : D. conjugata, Reinw.

[= Polypodium {Dipteris) Horsfieldti, R. Br.], D. Wallichii,

R. Br., D. Lobbiaiia, Hk., and D. qtcinquefurcata, Baker.

Among Mesozoic ferns the genera Protorhtpis, Dictydphylluin

and Camptopteris afford examples of extinct types closely allied

to Dipteris, and widely spread geographically during the Jurassic

epoch.

The sporangial characters of Dipteris do not conform precisely

to those typical of the Polypodiaceas, and the anatomical

features afford additional evidence in favour of placing Dipteris

in a special subdivision of the leptosporangiate ferns.

The paper dealt with the structure of the stem, which
possesses a single annular stele, the roots, leaves and sporangia

of Dipteris conjugata, the comparison of the anatomical

•features with those of the Cyatheaceae and other ferns, and
concluded with an account of the geological and geographic il

range of such fossil ferns as may reasonably be placed in the

family Dipteridinae.

On the structure of the stem of Angiopleris evecta, Hoffm.,

by R. F. Shove, Girton College, Cambridge. This paper

dealt with the anatomy of the stem and roots of a plant of

Angiopteris evecta from Ceylon.
The steles of the stem are both mesarch and endarch in

Structure, but the protoxylem groups occupy for the most part

a peripheral position. The earliest protoxylem appears along

the inner edge of the steles, while the protophloem arises on
the outer edge of each stele as a discontinuous arc of small and
rather thick-walled elements. This arc of protophloem is never

completed round the stele, but the next stage in the develop-

ment of the tissues after the appearance of the protoxylem is

the differentiation of large sieve-tubes external to the proto-

phloem.
The conducting tissues of Bryophytes, by A. G. Tansley.

The most important part of our present knowledge of these

tissues is due to Haberlandt, who, in the Polytrichaceae, dis-

tinguished a hadroin [hydrom) or water-conducting system from
a leptom system, conducting plastic, especially nitrogenous
substances.

In the present investigation the lignified strand of prosen-

chyma in the thallus of certain Liverworts was shown to be
a hydrom strand, and its development was considered to be
correlated to some extent with the localisation of the absorptive
region of the thallus.

The rhizome of four species of Polytrichum was investigated,

and was found to possess the distribution of tissues characteristic

of the root of a vascular plant. The transition to the structure

of the aerial stem was followed, and some new points in the
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structure and course of the leaf-traces were observed ; new light

was thrown also on the constitution of the Polytrichaceous

stele, which is thought to consist of two regions distinct in

function and by descent. An attempt was made to trace out the

course of evolution of these conducting tissues in the Bryophytic
series.

The origin of modern Cycads, by W. C. Worsdell. The
author's conclusion is that the Cycads are descended directly

from some cycado-filicinean type possessing the structure exhibited

especially by such forms as the MeduUoseae and Lyginodendreae,
the chief point being that the fo//i2/i?ra//f-constructed one or

more vascular cylinders of modern cycads have been derived

from one or more concentrically-constructed cylinders of some
cycado-filicinean form. Those characters in the modern plants

which approximate most nearly to the primitive ancestral type

are found in those parts of the plant where they would most
naturally be expected, viz. :—^The axial organs : the primary node

or transitional region between stem and root, and the flowering
axis; the y^/zar organs : the cotyledon, the sforopkyll, a.nd the

integument of the sporangium. The author discussed the evi-

dence derived from an anatomical study of recent cycads, and
dealt with certain fossil types which he regarded as supporting

his conclusions.

Cytology, &c.

On the osmotic properties and their causes in the living plant

and animal cell, by Prof. Overton. A ^ery great number of

experiments on the permeability or the living protoplasm of plant

and animal cells has led to the conclusion that the general

osmotic properties of the cell depend on a phenomenon of elective

solubility, certain layers of the protoplasm being impregnated

with a mixture of lecithin and cholesterin. All substances that

are soluble in this mixture, and they include by far the greater

number of organic compounds, being able to penetrate into the

living cell. The rapidity of the passage of different compounds
into the cell depends on their relative solubility in water and in

a mixture of cholesterin and lecithin. A knowledge of the

osmotic properties of the living protoplasm throws much light

on the action of many poisons and other drugs.

Demonstration of the structure and attachment of the flagellum

in Euglenaviridis, by Harold Wager. The flagellum o[ Euglena
viridis possesses a bifurcate base, which is attached to the wall

of the excretory reservoir at the anterior end of the body (Journ.

Linn. Soc. Zool. vol. xxvii. p. 463). As it passes to the exterior

through the gullet, an enlargement occurs in the region of the

eye-sput. This structure can be seen in very favourable cases in

the living condition, but usually only after the action of reagents.

The best reagents for this purpose are either a i per cent, solu-

tion of osmic acid or a 2 per cent, solution of bichromate of

potash with a i per cent, solution of osmic acid. The structure

may be obscured by small grains of paramylon, which sometimes

accumulate at the anterior end of the body.

The behaviour of the nucleolus during karyokinesis in the

root-apex of Phaseolus, by Harold Wager. From a study of

the changes undergone by the nucleolus during karyokinesis in

cells of the root-apex of Phaseolus multijlorus, the following

chief results have been obtained.

(i) The nucleolus is the most conspicuous object in the

nucleus of the young meristematic cells. The nuclear network

forms a delicate peripheral layer only in the resting nucleus.

(2) The nucleolus stains deeply in hematoxylin, the nuclear

network slightly ; in safranin and gentian violet the nucleolus

stains red, the nuclear network light blue. (3) In the resting

condition of the nucleus the nucleolus is suspended to the

nuclear network by delicate filaments. (4) The nucleolus

often shows a vacuolar structure. (5) In the process of nuclear

division the nucleolus first of all becomes irregular in shape,

and the nucleolar substance appears to pass, by means of

the connecting strands, into the nuclear network, which

thereby becomes more prominent. (6) As the chromosomes

are formed the nucleolus disappears, but a portion of the

nucleolus is often visible in the equatorial plate. (7) The
chromatic substance of the chromosomes appears to be derived

almost entirely from the nucleolus. (8) As the daughter-nuclei

are being formed the chromatic substance of the chromosomes

runs together into small spheres, which ultimately fuse to form

the single large nucleolus.

On double fertilisation in a dicotyledon, Caltha palustris, by

Ethel N. Thomas. The polar nuclei of this plant unite before

fertilisation, but that there is no absolutely fixed period is shown
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by the very different appearance of sacs in which polar fusion

is taking place. The male generative nuclei, when first set

free in the embryo-sac, are extremely small and heavily stained.

Their chromatic substance is so densely aggregated as to render

the spermatozoid to all appearance homogeneous. Of the two
spermatozoids one passes to the middle of the sac and there

fertilises the definitive nucleus ; the other fertilises the nucleus

of the oosphere. By the time the male generative nucleus or

spermatozoid has reached the definitive nucleus, it has enlarged

immensely, and shows a light spongy structure with scattered

chromatin granules. The other spermatozoid increases very

little in size, and always remains dark and dense.

When the spermatozoids leave the pollen-tube they are

somewhat short and thick, and only slightly curved, but when
the one has approached the definitive nucleus, it has the typical

vermiform shape, with one or several coils.

Thaliophyta.

Germination of the zoospore in Laminariaceae, by J. Lloyd
Williams. The zoospore comes to rest and becomes spherical.

The single chloroplast divides in two. A tube is produced, the

spore-contents pass into it. At the end of the tube a swelling is

formed, into which the contents migrate and are shut off from
the empty spore-case and lube by a wall. This has been wrongly
described by Areschoug in the case of Dictyosiphon as an in-

stance of sexual fusion. In the enlargement, the chloroplasts

multiply, and additional eyespots appear on several, which,
however, disappear after a few days. The newly-separated cell

now divides, and forms a branched protonema-like structure.

Notes on Dictyola, by J. Lloyd Williams. The factors con-
cerned in the production of the fortnightly crops of sexual cells

were discussed. Experiments on the liberation of antherozoids
show the importance of bright light and cool temperatjure.

Dictyota is particularly responsive to changes in the environ-

ment.
The nuclear changes in the unfertilised eggs are peculiar.

The chromosomes are differentiated, a very irregular multipolar
spindle is formed ; this separates into a number of nuclei of
various sizes, in which at first the chromosomes are scattered.

These soon disappear, the nucleoli are formed, and the nuclei

appear in the resting condition.

The Azygospores of Entomophthora gloeospora, by Prof. Vuil-

lemin (Nancy) (communicated by Prof. Hartog). The genus
Entomophthora, as seen in the two species E. Delpiniana and
E. gloeospora, shows an intermediate condition between Basidio-
bolus, with its uninucleated segments, and Empusa, with its

continuous hyphse with scattered nuclei. The resting-spores of
Entomophthora may be terminal, lateral or intercalary. The
youngest spores contain a single nucleus, which undergoes a
series of four successive binary divisions until there are sixteen

;

there may, however, be irregularities as regards the number of
spores. In the next stage the nuclei approach so as to form
eight pairs, and the two nuclei of each pair then fuse ; this

fusion is repeated until there are only two left. These last two
may then fuse at once, so as to leave the now maturing azygo-
spore with a single nucleus, or they may remain apart. This
manner of development is interpreted as a case of true apogamy,
and regarded as corresponding to the sexual process in Basidio-
bolus.

Fungi found in Ceylon growing upon scale-insects (Coccidae
and Aleurodidae), by J. Parkin. Fungi associated with scale-

insects have till recently been little studied. A few species
have been mentioned from time to time as growing upon scales

of dead coccids, but, till within the last few years, hardly any
attention has been called to their probable parasitic character, or
to the possibility of their being employed to check the ravages of
scale-pests. Webber in 1897 pointed out for the first time the
parasitic habit of certain species—five in all —of Aschersonia on
scale-insects infesting the orange and other plants in Florida.
Zimmermann (Java) in the following year gave a preliminary
account of a fungus (Cephalosporium) attacking the green bug
(Lecanium viride), so harmful to the coffee, and described how
it may be artificially cultivated for infecting experiments.
The various kinds dealt with were referred to the following

genera :

—

Nectria, Torrubiella, Aschersonia, Cephalosporium,
Verticilliuni, Microcera, Campsotrichum (?).

Mr. Parkin drew attention to the wide distribution, especially
in and near the tropics, of fungi infecting scale-insects, and re-

ferred to them as the true cause of death of the insects. The
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paper was illustrated by a series of carefully-prepared specimens
and drawings.

On the life-history of Acrospeira mirabilis (Berk, and Br.),

by R. II. Biffen. Loose brown masses of the spores of this

fungus are occasionally found in Spanish chestnuts. These
spores are developed from the apices of hyphae coiled into a
spiral of, at the most, two turns, which becomes septate into

three cells ; the cell next below the apical one swells and hiecomes
thick-walled, thus forming a chlamydospore. The coiled hypha
may also develop into a spiral resembling the ascogonium of
Eurotium, which, after investment by branches arising from its

apex, breaks down into chlamydospores. In this way bodies

very suggestive of the spore-masses of some of the UstilagineJE

are formed. Endoconidia are found in old cultures. Some
evidence has also been obtained for the existence of an ascigerous

stage. ^On the structure of the root-nodules of Alnus glutindfUz^y
T. W. Woodhead. The nodules are traversed by a central

strand of short, thick-walled fibres, with transverse pits in the

walls. Surrounding this are 4-5 layers of cubical cells, rich

in protoplasm, followed by a small-celled bulky cortex. On
the outside of this is a phellogen, which produces a layer of

cork several cells deep. The cortical cells are largely occupied

by the organism which produces the nodule.

The organism is usually present as a globular sporangium at

the end of a short hypha. Towards the base of the nodule are

strands of cells occupied by disorganised contents indicating a
previous tract of growth of the organism : this is succeeded by
groups of cells filled with the organism in various stages. To-
wards the apex, and immediately behind the growing-point, the

cells containing the sporangia are immediately followed by cells

filled with fine hyphal filaments, which may be seen to penetrate

the walls of the young adjacent cells.

A Gymnosporangium from China, by Prof. F. E. Weiss. This--

fungus was first observed by Dr. A. G. Parrott in the spring of

1899 in Lao-ho-kou, in North Central China. Its spore masses.,

made the'r appearance in April after a few days' continuous rain

on the branches of Juniperus chinensis in the form of bright

yellow, gelatinous masses. The teleutospores are of the usual

type, two-celled, tapering towards both ends and somewhat
rounded at the apex. They possess eight germ-pores. What is

in all probability the Roestelia stage of this fungus was observed

during the summer on the leaves of the pear, Pyrus sinensis^

Ldl. A tree of this species growing in proximity to the infected i

junipers was attacked by a fungus of the Roestelia type»

producing typical aecidiospores.

In the appearance of its teleutospore masses this fungus;

appears most nearly related to Gymnosporangium Sabinae
(Dicks), a widely distributed form occurring in Europe and in

America, and to Gymnosporangium Cunningharnianum (Bar-

clay), a Himalayan form, both of which have their Roestelia

stage on a pear.

The biology and cytology of Pythium, by Prof. Trow. The
species described by the author was cultivated from conidia and
oospores found in rotten cress seedlings. The study of pure
cultures led to the following among other conclusions :—( i ) No^
zoospores are produced under any circumstances. (2) The
species is new and ranks as the most highly developed of the
genus. (3) The fertilisation-tube penetrates the wall of the-

oogonium at a spot prepared for it, passes through the peri--

plasm and penetrates deeply into the egg. One male nucleus,

passes down the tube and enters the egg. The oosphere clothes

itself with a delicate wall and increases in size. (4) The fusion

of the male and female nuclei is delayed until a thick oospore
wall has been developed. (5) The nuclei multiply by indirect

division in the mycelium and .sexual organs. The only nuclear

fusion is that of the male and female nuclei in fertilisation.

Observations on Pythium, by M. Poirault and E. J. Butler.

The authors examined seven species, two of which were unde-
scribed forms. In two species, Pythium gracile and P. inter-

medium, sexual organs were observed for the first time. Klebs'

results on the dependence of spore-formation in Saprolegnia on,

external conditions were carried a step further, it being shown
that a given spore could be induced to develop zoospores or
vegetative hyphre on appropriate treatment. The authors con-
clude that ^Mj'mw represents a stage in the colonisation of the
land, by saprolegniaceous ancestors resembling Aphanomyces.
It is closely linked to the Peronosporaceae through Pythium
intermedium, which possesses chains of gonidia, suckers, and a
thick-walled mycelium.
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Observations on some Chytridinece, by M. Poirault and E. J.

Butler. Four undescribed forms occur parasitic on Pythium.
Their life-history has been worked out by the authors. Chytri-

dium gre^arium was found on the eggs of the rotifer Metopidta

Lepadella ; the unknown resting-spores were discovered. Ob-
servations were made on Olpidiopsis Saprolegniae. The infection

takes place in the zoospore-stage of Saprolegnia, and is often

multiple. Penetration takes place by a fine tube, through which
the protoplasm of the parasitic zoospore enters the host, leaving

behind an empty capsule. A. C. S.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

OJCfORD.—The following lectures are announced for the present
term : Prof. R. B. Clifton, Acoustics

; J. Walker, Double refrac-

tion ; R. E. Baynes, Elementary mechanics of solids and fluids,

and Mathematical theory of heat ; Prof. W. Odling, Organic
chemistry, metallic bodies ; W. W. Fisher, Inorganic chemistry
(preliminary course) ; J. Watts, Organic chemistry (honours
course) ; V. H. Veley, Physical chemistry

; J. E. Marsh, Stereo-
chemistry; A. G. Vernon- Harcourt, The subjects of the pre-

liminary examination (chemistry) ; P. Elford, Mendeleeff's
periodic system. Introduction and group I ; P. Elford,
Chemists and their work ; A. F. Walden, Origin, meaning and
use of chemical symbols, formuhie and equations (elementary
course) ; Prof. W. J. Sollas, Physical geography ; Prof. W. J.
Sollas, Jurassic fossils ; Prof. H A. Miers, Elementary crystal-

lography ; H. L. Bowman, The metallic minerals ; Prof.

W. F. R. Weldon, General course of morphology (Coelentera)
;

J. W. Jenkinson, Elementary morphology ; E. S. Goodrich,
"Morphology of fishes ; R. W. T. Giinther, Polyzoa and
brachiopoda ; J. B. Thompson, Morphology of the ichthyop-
sida ; J. B. Thompson, Ichthyopsidan palaeontology ; Prof. F.
Gotch, General course of physiology, Part I. chemical processes

;

Prof. F. Gotch, Advanced course on muscle
; J. S. Haldane,

Subjects of the final honour school (physiology) ; G. Mann,
Histology : G. J. Burch, Physiological physics ; W. Ramsden,
Introduction to physiological chemistry ; G. Mann, Practical
histology ; W. Ramsden, Elementary physiological chemistry

;

Prof. S. H. Vines, Short elementary course (revision) with
practical work ; Prof. E. B. Tylor, Development of language,
writing, arithmetic ; H. J. Mackinder, The historical geography
of the British Islands ; H. J. Mackinder, The development of
geographical ideas ; H. N. Dickson, The atmospheric circula-

tion ; A. y. Herbertson, The geographic cycle ; Sir J. Burdon-
Sanderson, General pathology ; Prof. A. Thomson, Anatomy of
the nervous system ; Prof. H. H. Turner, Elementary mathe-
matical astronomy ; Prof. A. E. H. Love, Gravitational
attraction, and theory of the potential ; and the theory of
sound ; Prof. E. B. Elliott, Theory of numbers ; and substitu-
tions and resolvents ; Rev. F. J. Jervis-Smith, Dynamo and
motor machinery and electrical testing ; G. F. Stout, Child
psychology ; and the psychological development of the
categories of subject, cause and end.
The electors to the newly instituted Wykeham Professorship

of Physics will proceed to an election in November. Candidates
are requested to send in their applications by October 24. The
electoral body consists of the following :—The President of the
Royal Society, Sir George Stokes, Prof. Esson, Prof. Odling,
Mr. Hayes.
The Rev. E. C. Spicer, of New College, has been elected to

the University Scholarship recently instituted in connection
with the new School of Geography.

Cambridge.—The following is the speech delivered on
October 11, by the Public Orator, Dr. Sandys, in presenting for
the degree of Doctor in Science, honoris causa, Mr. Samuel
Pierpoiit Langley, Keeper of the National Museum, Secretary of
the Smithsonian Institution, and Director of the Astrophysical
Observatory in Washington ; the inventor of the "bolometer"
and the "aerodrome."

Trans aequor Atlanticum ad nos nuper advectus est vir
scientiarum in provincia insignis, qui etiam de astronomia
recentiore librum pulcherrimum conscripsit. In urbe quod
reipublicae maximae transmarinae caput est, viri huiusce curae
multa mandata sunt : primum museum maximum rerum naturae
spoliis quam plurimis ornatum ; deinde institutum celeberrimum
scientiae et augendae et divulgandae destinatum ; denique arx
et specula quaedam stellarum lumini in partes suas distribuendo
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dedicata. Luminis in spectro, ut aiunt, infra radios rubros
radii alii qui oculorum aciem prorsus effugiunt, viri huiusce
ingenio, instrumenti novi a,uxilio quod Bo\6fi€Tpov nominavit,
paulatim proditi et patefacti sunt. Nemo mirabitur virum
stellarum observandarum amore tanto affectum, etiam e terra
volandi desiderio ingenti esse commotum,—adeo ut, quasi alis

novis adhibitis, plus quam trium milium pedum per spatium,
etiam avium volaium aemulari potuerit. Fortasse aliquando,
Icari sortem non veritus, etiam Horati praesagia ilia sibi ipsi

vindicabit :

—

" non usitata nee tenui ferar

penna biformis per liquidum aethera."

Fortasse rerum terrestrium impatiens, rerum caelestium
avidus, ausus erit e terris " volare

sideris in numerum, atque alto succedere caelo."

The Senate of the reorganised University of London is now
complete, and is constituted as follows :—Chancellor—The
Right Hon. the Earl of Kimberley. Vice-Chancellor—Sir H.
E. Roscoe, F. R.S. Chairman of Convocation—Edward Henry
Busk. Crown Members—The Hon. W. Pember Reeves, Sir

H. E. Roscoe, F.R.S., Mrs. E. M. Sidgwick, Sir John Wolfe
Wolfe-Barry, F.R.S. Faculty Members—'Y\\Qo\Qgy—T\\&'^&\.
Principal Alfred Cave. Arts—Prof. M. J. M. Hill, F.R.S.,
Prof. W. Paton Ker, Miss Emily Penrose, Prof. G. C. Warn
Laws—Lord Davey, appointed by the Crown. Music—Sir

Charles Hubert Hastings Parry. Medicine—Dr. J. R. Bradford,
F.R.S., Dr. J. Kingston Fowler, Dr. E. C. Perry. Science

—

Sir Michael Foster, Sec.R.S., Dr. William D. Halliburton,
F.R.S., Prof. William Ramsay, F.R.S. , Prof. A. W. Rlicker,

F.R.S. Engineering— Prof. W. C. Unwin, F.R.S. Economics,
&c.—Prof. W. A. S. Hewins. Royal College of Physicians

—

Dr. W. PI. Allchin, Dr. P. H. Pye-Smith, F.R.S. Royal
College of Surgeons—Dr. A. P. Gould, Dr. II. G. Howse.
University College—Prof. G. C.Foster, F.R.S., Lord Reay.
King's College—Lord Lister, P.R.S., the Rev. Principal A.
Robertson, D.D. Lincoln's Inn—Lord Macnaghten. Inner
Temple—^Judge Sir Alfred Marten, Q.C. Middle Temple—Mr.
C. M. Warmington, Q.C. Gray's Inn—Mr. C. A. Russell,

Q.C. Incorporated Law Society—Mr. W. Godden, Mr. R,
Pennington. Corporation of London—Dr. T, B. Crosby.
London County Council—Dr. W. J. Collins, Mr. Sidney
Webb. City and Guilds of London Institute—Sir Frederic
Abel. Convocation Members—Arts— Dr. J. Bourne Benson, Dr.

T. D. McClure, Dr. T. Lambert Mears, Mr. J. Fletcher Moulton,
M.P., F.R.S., Dr. T. B. Napier, Sir A. K. RoUit, M.P.
Laws—Mr. Justice Cozens-Hardy. Music—Mr. J. W. Side-

botham. Medicine—Dr. Thomas Barlow, Dr. J. F. Payne.
Science— Mrs. Sophia Bryant, Prof. Frank Clowes, Dr. C. W.
Kimmins, Dr. F. S. McAulay, Sir Philip Magnus, Prof. Silvanus
Thompson, F.R.S.

The installation of the Earl of Rosebery as Lord Rector of
Glasgow University has been fixed to take place on November
16.

Prof. Brunhes, professor of physics in the University of

Dijon, has been appointed director of the observatory on the

Puy-de-D6me.

Mr. Holbrook Gaskell has given \oool. towards the
building and equipment of a new physics laboratory for Uni-
versity College, Liverpool.

Major R. H. Firth h^as been selected to succeed Colonel

J. Lane Notter, R.A.M.C, as professor of Military Hygiene at

the Army Military School, Netley.

A FELLOWSHIP of the annual value of 100/., for three years,

will be awarded at Newnham College, Cambridge, in June 1901.
Applications from former students of the college should be sent

by May i to the Principal, from whom further information may
be obtained.

The Essex Museum of Natural History will be opened at

West Ham this evening (October 18) by the Countess of
Warwick ; and the Municipal Technical Institute, which was
destroyed by fire a few months ago, will be reopened by Mr. J.
Passmore Edwards.

Mr. T. Graham Young, son of the late Dr. James Young,
F.R.S., has offered the sum of 10,000/. to the West of Scotland
Technical College Building Fund, provided that certain condi-

tions are fulfilled as to the site of the new College, the construc-

tion of a chemical department, and the completion of the

building within five years of next January.
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The trustees of the College of the City of New York are,

according to Science, considering the lengthening of the course

to seven years. They have asked that the appropriation of

200,000 dollars made to the institution by the Board of

Estimate and Apportionment be increased by 25,000 dollars.

The Berlin University has, it is stated, decided to alter the

conditions permitting foreigners to take the title of doctor of

philosophy. Foreigners are only to be allowed to graduate if

they hold certificates equivalent to that of the Humanistischer
Gymnasium, Realgymnasium, or the Oberrealschule of the

German Empire.

The Pioneer Mail, Allahabad, states that a petition is about
to be presented to the Lieutenant-Governor of Bengal asking

that the Behar School of Engineering may be affiliated to the

Calcutta University. " The one thing," the petitioners observe,

"which has hampered the progress of the school in the past

has been the uncertainty regarding its future. If Government
will now settle the matter finally by raising the school to the

status of a College, all obstacles in the way of the development
of technical education in Behar will be for ever removed."

The new Municipal Technical School which was opened by
the Earl of Derby a few days ago, at Bootle, an enterprising

be developed by the teaching of the grammar of iron-work in the
way indicated. In time it is hoped that this branch of the school
will need extension and that it may then be possible to equip a
mechanical laboratory provided with testing machines and demon-
stration appliances on a larger scale than can be used in an
ordinary class room. As to the cost of carrying out this work
under the new conditions, a sum of something like 700/. per
annum will be required from the rates. Fees, grants and Im-
perial funds will in all probability contribute about 3,700/. per
annum. Hitherto no rate has been levied for purposes of
technical instruction, and the educational work has been entirely

paid for from students' fees and Imperial grants.

SOCIETIES AND ACADEMIES.
London.

Royal Society, June 21.—"On the Spectroscopic Examina-
tion of Colour produced by Simultaneous Contrast." By
George J. Burch, M.A., Reading College, Reading. Com-
municated by Francis Gotch, F.R.S., Professor of Physiology,
University of Oxford.

It is well known that a neutral grey looks blue-green against

IE'' %^
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bright, owing probably to the transmission of some red rays by

the cobalt glass, but the addition of a film stained with Prussian

blue, by which these rays are absorbed, greatly improves the

red. On the other hand, a pale yellow film which cuts off the

violet causes ihe violet of the spectrum on the blue ground to

stand out brightly, while a purple film brings out the green,

which, owing to the green light transmitted by ordinary cobalt

glass, is generally a good deal enfeebled. In each case the con-

trast of the two spectra seen by different eyes is so well marked
that the experiment seems likely to be of service in teaching.

The complementary colour to red is shown to consist, not of

one simple colour-sensation, but of two at least, namely, green and
riolet, and in the author's case of blue also. Against a magenta
'background the complementary colour is seen to be spectral

green. But in this case the physical stimulus is complex. On
adding to the magenta a yellow glass, to cut out the violet, or

using candle light, the violet reappears in the complementary
spectrum, while if a blue glass is added instead, the violet

vanishes, and red stands out brightly in the spectrum. It may
be thus shown that the colour which has green for its comple-
raen'ary is not spectroscopically simple, and since the spectral

elemtnts of it have each a different and independent eflect upon
the spectrum of the complementary colour, the author concludes
that the green sensation has no special connection with the red,

or indeed with any single colour sensation.

Manchester.
Literary and Philosophical Society, October 2.— Prof.

Horace Lamb, F. R. S. (President), in the chair.—Mr. Thomas
Thorp described a method of producing a spectrum-like band
from a volumetric curve by the use of a photographic camera
with a cylindrical lens, and also gave a brief account of the solar

eclipse of May last as seen in Algiers.—A paper on plumbism in

pottery workers was given by Mr. William Burton, who dealt

with the subject from the technical point of view, showing how
the plumbism was caused by the inhalation or swallowing of

dust containing soluble lead compounds. It was pointed out

that the abolition of lead from the glaze was not a practicable

remedy, as leadless glazes suited to the conditions of the general

run of English pottery are not yet within the reach of the

manufacturers. Further, the abolition of lead from the glaze

would not affect those cases which arise from the use of enamel
or on glaze colour used in the form of dust or of spray, and no
one has yet ventured to suggest that the use of lead fluxes for

this purpose could be abolished. The existing remedies in the

shape of mechanical means for dealing with the dust in such a

way that it should neither be swallowed nor inhaled, the periodic

medical examination of the workers, and the proposed further

safeguards of converting all the lead used into compounds of

considerably lower solubility than those now employed, were
also treated of. The final opinion of the author was that the

combination of all these safeguards would, within a reasonable

time, render the operations of glazing and decorating pottery

with substances containing lead compounds as free from risk to

the operative as it was possible for any industrial occupation

to be.

Paris.
Academy of Sciences, October 8. — M. Maurice Levy in

the chair.—Note on the thirteenth conference of the Inter-

national Geodetic Association, by M. Bouquet de la Grye.
From the reports to the conference it appears that the whole of

Europe and North America will be shortly completely covered

by a network of triangles. Special observations have been
carried out under the direction of the central office in several

observatories to determine exactly the line of displacement of

the poles. An arc of meridian is being measured in Spitsbergen

by Swedish and Russian observers, and Great Britain has com-
menced the determination of an arc from the Cape to Alexandria,

which will join on to the European network through Asia Minor.—
Remarks by M. Guyon on the ConnaissancedesTemps for 1903.

—

Observations of the sun made at the Observatoryof Lyons with the

Brunner equatorial during the second quarter of 1900, by M. J.
Guillaume. The results are summarised in three tables show-
ing the number of sunspots, their distribution in latitude and
the distribution of the faculse in latitude.—The total eclipse of

•the sun of May 28, 1900, observed at Elche (Spain), by M.
Lebeuf. The results of the observations on the times of

•contact are given.—Researches on the inverse effect of the

magnetic field which ought to produce movement in an electrified

body, by M. V. Cremieu. The application by Lippmann of the

principle of the conservation of energy to the experiments of
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Rowland on electric convection shows that, reciprocally, magnetic
variations ought to produce a movement of electrified bodies

placed in the field. The experiments carried out by the author, a
detailed description of which, with two diagrams, is given in the

paper, show that the expected effect is not produced. The
deflection upon the scale should according to the theory have been
of the order of 100 to 140 mm. No measurable deflection occurred.

Telegraphy without wires with relays. Inconvenience of the

Guarini relays, by MM. Guariniand Poncelet.—On iron silicide

SiFej, and on its presence in commercial ferrosilicons, by M. P.

Lebeau. A mixture of iron and copper silicide is heated for

several hours to the highest temperature of a wind furnace. The
mass is extracted with 10 per cent, nitric acid, when a crystalline

mass of iron silicide, FegSi, is left behind, which is further

purified by successive treatment with soda solution, nitric acid

and water.—On a new pyrogenous product from tartaric acid,

by M. L. J. Simon. An acid, CvHgOj, was obtained, differing

both in melting point and solubility from the acid of the same
composition previously obtained from the same source by MM.
Wislicenus and Stadnicki. Its potassium and silver salts were

prepared.—Acetyl derivatives of cellulose and oxycellulose, by

MM. Leo Vignon and F. Gerin. Cellulose acetylated by means
of acetic anhydride and zinc chloride gives a tetra-acetyl deriv-

ative ; oxycellulose behaves similarly, and the derivative thus

obtained clearly retains its aldehydic functions.—The Albien

and Cenomanian of Hainaut, by M. Jules Cornet,

DIARY OF SOCIETIES.
TUESDAY, October 23.

Royal Photographic Society, at 8.—A Demonstration of the Ozotype
Printing Process : Thomas Manly.

FRIDAY, October 26.

Physical Society, at 5—Exhibition of Experiments illustrating certain

Phenomena of Vision : Dr. Shelford Bidwell, F.R.S.—On the Concentra-

tion at the Electrode in a Solution, with special reference to the Libera-

tion of Hydrogen by the Electrolysis of a Mixture of Copper Sulphate

and Sulphuric Acid : Dr. J. S. Sand.—Electromotive Force and Osmotic

Pressure ; Dr. R. A. Lehfeldr.

SATURDAY, October 27.

Essex Field Club, at 6.30.—Contributions to the Pleistocene Geology of

the Thames Valley. The Grays Thurrock Area, Part I.: Martin A. C.

Hinton and A. S. Kennard.
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THE ENGLISH GAULT AND UPPER
GREENSAND.

Memoirs of the Geological Survey of the United Kingdom.
The Cretaceous Rocks of Britain. Vol. I. The Gault

and Upper Greensand of England. By A. J. Jukes-

Browne, B.A., F.G.S. With contributions by William

Hill, F.G.S. Pp. xiv + 499. (Published by order of

the Lords Commissioners of H.M. Treasury, 1900.)

TO review this book is no easy task. To select is

difficult when details are so full ; to criticise

requires one to have studied, at any rate, certain districts

of Cretaceous deposits as thoroughly as Mr. Jukes-

Browne, by whom it has been written. So, in regard to

the latter, we reserve the right of private judgment only

on one or two small matters. A slip of the pen on

p. 411, line 47, substituting eastern for western, and the

reference to the map at the bottom of the same page (to

a less degree) will cause a passing perplexity to readers.

But who can help occasionally nodding in passing five

hundred pages through the press ? To have included the

Cretaceous deposits of Scotland and Ireland, would, we
think, have made the subject more complete, and not

materially increased the number of pages. We
think also that Neocomian is big enough and

distinct enough, physically and pala?ontologically, to be

released from its subject position of Lower Cretaceous.

Surely its claims to systematic independence are

as good as those of Oligocene. Yet that has been

officially welcomed while Neocomian is slighted. Mr.

Jukes-Browne has, however, coined a new, though

more subordinate name— that of Selbornian—to include

the Gault and Upper Greensand, from the place hallowed

by the memory of Gilbert White. We confess to retain-

ing something of primitive man's prejudices against

strangers, especially in nomenclature, but must admit that

its author makes out a very strong case for the novel

term. Briefly stated it is this : During the last twenty

years it has been gradually ascertained that the Gault

and Upper Greensand in this country are not two distinct

stages of the Cretaceous system, but that " the greater

part of the Folkestone Gault and the greater part of the

so-called Upper Greensand are correlative deposits formed
at the same time in different parts of the same sea." As
the author shows, uncertainties in regard to their usage
prevent us from borrowing either ,A.lbien or Cenomanien
from the French, and, as a comprehensive term is so

much needed, we have no choice but to coin a new one.

In a series of chapters Mr. Jukes- Browne, aided by
Mr. William Hill, whose services in the field as well as

in microscopic investigations have been of the highest

value, describes the Selbornian in different districts. First,

however, by way of clearing the ground, comes an
introductory chapter on the Upper Cretaceous system as

a whole ; a second contains an historical account of the

Chalk, Upper Greensand and Gault. For purposes of

reference, this epitome of various opinions will be very

useful, and has probably cost Mr. Jukes-Browne more
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labour than any other chapter in the book, for tracking

down misconceptions and errors is a longer business and

less exciting than hunting a fox, while the prey is equally

malodorous and worthless. A chapter follows on the

value of zones in the Cretaceous system, and another

with a general account of the Selbornian. The Lower

Gault, the most persistently argillaceous member, is a

little over 34 feet thick at Folkestone ; it increases to

90 feet at Devizes, is proved by borings to be 150

feet in Bucks, and in Bedfordshire may perhaps be still

thicker ; thence it thins gradually towards the north-

east, till at Roydon, in Norfolk, it is only 7 feet. After-

wards it disappears as a clay, being represented by part

of the Red Chalk from Hunstanton to Speeton. It is

separable into three zones—that of Ammonites mamtnil-

latus at the base, thin, sandy, perhaps sometimes

absent ; then that of A. i?iterruptus ; the third being

that of A. lautus. The Upper Gault with part of

the Upper Greensand, the zone oi A. rostratus, is litho-

logically variable, consisting of marly clays in the

south-east, in Bucks and in South Norfolk, it becomes

more sandy elsewhere (as in the Isle of Wight, and

especially in Dorset and Devon) while in most other

parts it is largely composed of the rock known as malm-

stone. The Warminster Beds, or the zone of Pecten

asper, arenaceous and containing chert, form the upper-

most division of the Selbornian. All have their equiva-

lents in the Red Chalk of Norfolk and the north-east. The
third and second are missing in the neighbourhood of

Cambridge ; while in the west the Haldon Beds begin

and end a little later than those of Blackdown.

Details are given of the sections in different parts of

England, including those pierced by borings under London

and in the Eastern counties, with lists of fossils and

information of economic value, while Mr. W. Hill sup-

plies two very interesting chapters on the lithology of

the Gault and Upper Greensand. From these and the

palccontological data Mr. Jukes-Browne concludes that

the Gault clays were probably deposited in a sea,

increasing in depth from about 150 to 200 fathoms, the

sands of the upper part indicating stronger currents,

possibly without any shallowing. He also discusses the

physical geography of the period and the direction from

which the sediment came. Here perhaps he touches on

questions too speculative for an official publication,

which should be restricted as far as possible to facts and

to such inferences as follow directly from them. In this

matter, while accepting Mr. Jukes-Browne's general con-

clusions as to physical geography, we doubt, for that

very reason, whether the mud can have been brought

from the south-east. If the region in which it was

deposited was then an elongated gulf, open in that

direction to the sea, we are unable to understand

how an inflowing current of any strength could have

been produced. If the gulf resembled the Red Sea,

the inset from without would be sufficient to balance

evaporation but not strong enough to carry the mud
very far ; while if it received important rivers, the flow

and consequent supply of material would be from the

opposite direction. Mr. Jukes-Browne, it is true, refers

to the possibility of a return coast current from the

north, but we fail to see how, in a gulf of this form, the

D D
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"blind-cord" action could be set up enough to be a

primary agent in the transportation of sediment.

Quitting this very debatable question, we heartily con-

gratulate Mr. Jukes-Browne and the Survey on this

instalment of a complete memoir on the Cretaceous rocks

of England. The possession of a synoptic view of any

one formation is a great boon to geologists, as it saves

them from the labour of hunting through a number of

separate Survey memoirs. In future it might perhaps be

well to shorten those explanatory of the maps by

reserving all broader question for volumes like the

present one. In this we note with especial pleasure

the inclusion of chapters written by a geologist

without any official position as an indication that

the Survey now welcomes external help. The "get-

up" of the volume shows improvement, but there is

room for more. The illustrations, for instance, suffer

from the thinness of the paper, through which the type

can be seen. This defect spoils an excellent outline

sketch on p. 152. A few plates, however, are printed on

separate paper, and yet the book is issued at a moderate

price. Difficult as it notoriously is to overcome the love

of saving a ha'porth of tar so characteristic of Treasury

officials, we wish the Director-General still greater

success in persuading them to come nearer to the level

of the volumes issued by the Geological Survey of the

United States. T. G. Bonney.

THE PRINCIPLES OF PA TENT LA W.

The Law and Practice relating to Letters Patent for

Inventions. By R. W. Wallace and J. B. Williamson.

Pp. Ixv -V 922. (London : W. Clowes and Sons, Ltd.,

1900.)

'T^HE subject of inventions is always an interesting one

^ whether to the manufacturer or to the man of science,

nearly all new improvements in commercial chemistry or

mechanics being, in these days of vigorous competition,

sought to be protected by Letters Patent. Whether the

English system of patent law is entirely satisfactory in all

its details is a matter on which there are many opinions,

and the Committee now inquiring into this may p ossibly

suggest some alterations being made.

As a guide to the existing state of the law up to the

most recent decisions in the Courts, Messrs. Wallace and

Williamson have issued this volume, which may be

called a treatise rather than a text-book. The arrange-

ment and division of the subject is clear ; starting from

the granting of the Letters Patent, the reader is carried on

to what is required of an inventor to render the grant

valid and up to the petition for extension. Very little

attention is given to the past history of the law, only

a few pages being devoted to the well-known cases

of the early part of the seventeenth century and a few

remarks made on the history of claims. On the difficult

subject, in which every discoverer of some new process

must be interested, of what is necessary to constitute a

patentable invention, the authors have not attempted to

lay down any definition of their own, but have devoted

two chapters to a careful collection of the important

decisions on the point. In fact, throughout ths book
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there is given the material for forming an opinion rather
than definitions.

For those who have not a well-stocked library of law-

books there is the very great advantage that this volume
gives verbatim extracts of nearly every important case,

and even for those who have the books at command it

will often save them the trouble of hunting up the

passages they most often need. For those profession-

ally interested in the subject there is a full and accurate

account of the various steps in an action for infringement,

which is very clearly set out ; and after 600 pages of

text there are some 250 of appendices containing the

various statutes, together with forms and precedents for

almost every conceivable case.

The principles upon which the specifications and
claims should be drafted are adequately dealt with, and the

question of amendment is gone into. There is a short

chapter on the procedure on petitions for compulsory
licenses, which procedure, curiously enough, does not

appear to have attracted the attention of those who would
be likely to benefit by it until within the last two or

three years.

The printing of the work has been well done in large

type and on good paper, the headings to the various

paragraphs being sufficiently clear. A conspicuous

feature of the work is the full index and the table of

cases, which gives with each case the date of the decision

and the subject-matter of the patent decided on. The
book may confidently be recommended to any one
desiring a complete account of the principles upon which
our system of patent law is founded, as well as to those

who constantly require a trustworthy book of reference.

HISTOPICAL CHEMISTR V.

Lectures on the History of the Development of Chemistry
since the Time of Lavoisier. By Dr. A. Ladenburg.
Translated from the second German edition by Leonard
Dobbin, Ph.D., with additions and corrections by the

author. Pp. xvi -f- 373. (Edinburgh : Published for

the Alembic Club by W. F. Clay. London : Simpkin,

Marshall, Hamilton, Kent and Co., Ltd., 1900.J

THE small knot of chemists in Edinburgh who con-

stitute the Alembic Club have already earned the

thanks of chemists by placing at the disposal of English

readers their valuable reprints of important chemical

memoirs, a series which it is hoped may run on long

and, if possible, at an increasing rate. The present

volume is a more ambitious undertaking, being the

translation of a substantial work which has long enjoyed

much favour in Germany as a lucid and not too bulky

account of the development of modern chemistry.

English chemical literature is not rich in original his-

torical writing, though there are at least one or two

British chemists who may be looked to with confidence

for the occasional production of a scholarly and readable

contribution. Going back a long way, it may be said

that Thomas Thomson's " History " is inferior to no book
of the kind published since—in respect to literary style

and readableness. But in those days the science was

narrower, and it was well within the ability of one man to

do justice to the whole subject. The exhaustive historical
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writings of Hermann Kopp, and the more recent con-

tributions of Berthelot, leave little to be desired in

completeness, and provide a repository of information

invaluable for purpose of reference. This, however, is

literature for the fully fledged chemist or chemical author.

The chemical student requires something different.

The importance to hmi of attending to the historical

aspect of chemistry is recognised by most teachers. It

is indeed maintained by some that there is no other

satisfactory way of approaching even the elements of

chemistry, than by performing experiments in historical

order. A Board School might be cited where the

older boys are given the Alembic Club reprints, and

asked to do the experiments as there described. What-

ever may be thought of this, it cannot be denied that a

study of chemical history is most important, not only for

a clear grasp of the origin and growth of our present

theories, but because of that more subtle influence on the

mind and imagination which perhaps may be included

in the much-abused word culture.

The full advantage of historical study is not to be

obtained by the reading of such a work as the one under

notice, but rather by the careful study of those original

memoirs or books which will ever remain landmarks in

the track of scientific progress. At the same time, a

connected history is a useful and perhaps a necessary

adjunct to these partial studies, and this want is met

extremely well by the book under notice.

Prof. Ladenburg has cast his story in the form of lec-

tures, and for the purpose in view this is a satisfactory

arrangement. In tracing the history of chemistry from

the time of Lavoisier to the present day a vast amount

of material has, of course, to be dealt with ; and of the

prodigious amount of reading and critical examination

entailed upon the author there is abundant evidence both

in the text and in the numerous references which are

appended. As to the general balance of the book it may
be said that the earlier part is fuller and more explana-

tory than the later. The account, for example, of the

controversy between Berthollet and Proust is very clear

and interesting, whilst the accounts of the controversies

that raged later in the century in regard to fundamental

questions of organic chemistry are much more compressed

and difficult to follow. The last chapter of the book is

little more than an enumeration of the chief chemical

topics that have engaged attention during the past fifteen

years.

However, looking at the book as a whole, it must be

said that Prof. Ladenburg has produced a most useful

history, extremely readable considering the inevitable

compression, remarkably free from the bias of personal

opinions, and giving a connected view of the progress of

chemical science which will be of great benefit to

students.

Dr. Dobbin has succeeded admirably in the arduous

work of translating narrative German into narrative

English. Here and there sentences are to be found

which declare their origin ; but on the whole the English

(or should one say British ?) flows smoothly, and there is

a remarkable absence of typographical errors or mistakes

of a more serious kind. Dr. Dobbin and the Alembic
Club may certainly be congratulated on their latest con-

tribution to chemical literature. A. S.

NO. I 61 7. VOL. 62]

OUR BOOK SHELF.
Untersuchun^en iiber Mikrostrukturen des erstarrleu

Schwefels nebst Bemerkungen iiber Sublimation^

ijberschmelzung und Vbersiittigiing des Schwefels und
einiger anderer Korper. By O. Biitschli. Pp. iv -f 96 ;

4 plates. (Leipzig : W. Engelmann, 1900.)

Untersuchungen iiber die Mikrostruktur kiitistlicher und
natiirlicher Kieselsduregallerten { Fabaschir., Hydro-
phan. Opal). By O. Butschli. Pp. 287-348 ; 3 plates.

(Reprinted from Verhandl. d. Naturhist.-Med. Vereins
zu Heidelberg^ N.F. Band vi. 1900.)

A PREVIOUS work by the professor of zoology at Heidel-

berg (" Untersuchungen iiber Strukturen," 1898), reviewed
in Nature (vol. Ix. p. 124), dealt more especially with

the microstructure of organic substances, comparing them
with the supposed alveolar structure of protoplasm. In

the first of the present pamphlets the author de-

scribes in minute detail his observations in the same
direction made on inorganic substances, more particularly

sulphur. Amongst the various globular and crystalline

forms produced by the sublimation and subsequent
transformations of sulphur, he describes some which
have a radial or concentric arrangement of vacuities or

air-spaces suggesting an alveolar structure. The subject

is, however, treated throughout from a crystallographic

rather than from a biological point of view, and much
the same ground has been covered in a more concise and
earlier paper by Dr. R. Brauns, the professor of

mineralogy at Giessen (" Beobachtungen iiber die

Krystallisation des Schwefels aus seinem Schmelzfluss,''

Neues Jahrb. f. Mineralogie, &^c., 1899, Beil.-Bd. xiii.

pp. 39-89 ; 7 plates).

The second pamphlet describes with equal minuteness
the appearances shown under the microscope by chips

and thin sections of dried gelatinous silica, as well as of
the natural forms of colloidal silica, tabasheer and opal

(including hydrophane and precious opal), which are all

very similar in their minute structure.

Both pamphlets are admirably illustrated with numerous
well-prepared microphotographs.

T/ie School Journey. A Means of Teaching Geography,
Physiography and Elementary Science. By Joseph
H. Cowham. With additional "Journeys" by G. G.
Lewis and Thomas Crawshaw. Pp. 79. (London :

Westminster School Book Depot, 1900.)

For many years the study of geography at the West-
minster Training College has been supplemented by an
excursion from Croydon to Godstone, under the guidance
of Mr. Cowham, the lecturer on education at the college,

and the author of several excellent educational works. In

this volume a description is given of the chief character-

istics observable during the ramble ; and horizontal and
vertical sections, as well as photographic illustrations,

elucidate the physical geography of the district traversed.

In addition, the book contains accounts of excursions to

Greenwich and Woolwich, and along a river bank in

Lancashire, contributed by two of Mr. Cowham's former
pupils.

The book appears at the right psychological moment

;

for the feeling that geography should, whenever possible,

be made an outdoor study, is spreading, and every state-

ment of experience is of value to teachers who want to

improve methods of instruction in geography but are un-

able to see clearly how to carry out schemes which have
been put on paper by persons who may not have given

full consideration to ways and means. Here, however,

we have notes upon actual excursions and how they

were planned and performed, and with these before them,
teachers should have no difficulty in arranging others it

they have some knowledge of physical geography. The
Geologists' Association and Prof Seeley s Geological
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Field Class provide teachers in London or the neighbour-

hood with exceptional opportunities for acquiring a

knowledge of the significance of the geological structures

and formations in the home counties, and Mr. Cowham's
book will show them how the facts can usefully be applied

to school excursions.

Air, Water and Food. By Ellen H. Richards and
Alpheus G. Woodman. Pp. 226. (London : Chapman
and Hall, Ltd. New York : John Wiley and Sons,

1900.)

Of the many volumes which have been written on these

subjects, there are few which, in the opinion of the writer,

can be more safely recommended to the student of sani-

tary science. Each of the three subjects is introduced

and fairly discussed in language which is clear, trenchant

and concise.

The authors are, moreover, no mere theorists, but

describe the operations of the laboratory in a business-

like fashion which leaves no doubt about their practical

knowledge. The diagrams are more successful as illus-

trations than the photographs, in which, as frequently

happens, the glass apparatus has such an ill-defined and
ghost-like appearance as to be unrecognisable by the un-

professional eye. In other respects the book is well

got up. J. B C.

Elementary Physics and Chemistry, ii., iii. By R. A.

Gregory and A. T. Simmons. Second stage, pp. vi -f

140 ; third stage, pp. vi + 114. (London : Macmillan
and Co., Ltd., 1900.)

These two volumes complete a work of three parts,

consisting of a course of experimental illustration of the

elementary principles of chemistry and physics. The
syllabus of subjects considered is based on the new
Code issued by the Education Department, but the

descriptions are by no means confined to it. The subject-

matter is arranged in the form of a succession of separate

gradated lessons, each consisting of description of appa-

ratus, method of conducting experiment, results obtained

and the reasons for them, short summary, and a set of

exercises. The books thus arranged seem especially

valuable to teachers having to give a comprehensive
course in a definite number of lessons—in Evening Con-
tinuation Schools, for instance—as the whole work to be
gone through may be at once divided into sections.

Numerous excellent illustrations add considerably to the

utility of the volumes. C. P. B.

Principes UHygiene Coloniale. Par Le Dr. Georges
Treille. Pp. iv -\- 272. (Paris : Georges Carre et C.

Naud, 1899.)

This useful little volume is addressed particularly to

those who wish to inform themselves of the physical

conditions of life in the tropics with a view to living there,

and to those who have an indirect interest in tropical

regions. The earlier portion of the volume deals with

tropical climatology in general, and in particular with

the climatology of the French colonies. A chapter is

devoted to considering the action of the climate on bodily

functions. The latter portion deals with public and
domestic hygiene. In the discussion on European habita-

tions in the tropics, one would have wished to see more
stress laid on the importance of Europeans living apart

from the natives—a custom which has been so universally

adopted in India, and which no doubt accounts to a large

extent for the comparative freedom of Europeans from
malaria in that country.

We fully endorse the indictment of the use of alcohol

specially in the form of absinthe, but we should have
liked to see more information on measures to be taken
to ensure a supply of good water for domestic purposes,

C. B. S.
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LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intended for this or any other part of Nature.
No notice is taken of anonymous communications.

^

Genesis of the Vertebrate Column.

In the review of " The Foundations of Zoology," by Prof,

W. Keith Brooks, which was contained in the last number of

Nature, the reviewer quotes from him the following sentence :

—

" Herbert Spencer tells us that segmentation of the backbone is

the inherited effect of fractures caused by bending."

Before the reader accepts this version of my view, he would do
well to read §257 of " The Principles of Biology." The simplest

expression of that view is contained in the criticism of Prof.

Owen's " Theory of the Vertebrate Skeleton," originally pub-

lished by me in the British and Foreign Chirurgical Re-

view for 1858, and now appended to "The Principles of

Biology." The sentence setting it forth runs thus :

—

"The production of a higher, more powerful, more active

creature of the same type, by whatever method it is conceived to

have taken place, involved a change in the notochordal structure.

Greater muscular endowm.ents presupposed a firmer internal

fulcrum—a less yielding central axis. On the other hand, for

the central axis to have become firmer while remaining con-

tinuous, would have entailed a stiffness incompatible with the

creature's movements. Hence, increasing density of the central

axis necessarily went hand in hand with its segmentation ; for

strength, ossification was required ; for flexibility, division into

parts."

There is here no mention or thought of "fracture"—no im-

plication of a dense part formed and then broken, but the

implication of dense matter being deposited in successive

separate portions, in such way as to fulfil the two requirements of

strength and flexibility. Herbert Spencer.
Brighton, October 21.

Albinism and Natural Selection,

A CASE of partial albinism in fishes which has recently come

under my notice is likely to be of general interest from the

evidence it apparently affords of the value of the normal specific

coloration of predaceous fishes, and of the serious disadvantage

of conspicuous abnormalities.

A white-skinned specimen of the common hake [Merluccius

;«£r/M^««j-, L.) was trawled in the Bristol Channel last week

amongst a catch of normal hake, and was sent to me from

Milford immediately on landing, owing to the fishermen's

impression that it belonged to some rare species unknown to

them.
It was, however, perfectly normal in all respects except its

remarkable leanness and the absence of all pigmentation from

the external skin and the inner lining of the buccal cavity and

gill-covers. The pigmentation of the retina and peritoneum

was normal.

In a normal hake there is a profuse black pigmentation over

the upper part of the body, as well as over the inside of the

mouth and gill-covers. ^The general appearance of a normal

hake is consequently dusky ; that of the abnormal specimen was

white.

The lean and emaciated condition of the white hake was very

striking, especially in the head region, where not only the bony

ridges of the skull and cheeks projected sharply beneath the

thin layer of skin, but even the lines of sculpture of the super-

ficial bones were plainly recognisable. In a normal hake, of

approximately equal length, with which I compared the

specimen, these details were quite invisible, and the bony ridges

were rounded off or hidden by the plumpness of the integument.

In girth and weight the albino was far inferior to the normally

pigmented fish. The albino measured 26I ins. in length to the

base of the caudal fin, and b\ ins. in length of head (from snout

to opercular spine). Its girth round the back of the head was 9

ins., and just behind the loth anal finray 9I ins. The normal

hake measured ^^\ ins. in length, and had the same length of

head as the albino. Its girth in the same two regions was 1O5

ins. and lo^ ins. respectively. The albino weighed 4 lb. 5 oz.,

the normal hake 5 lb. 9^ oz., both fish being gutted in the same

way.



October 25, 1900] NATURE 621

That is to say, although the length of the albino was only 4^
per cent, less than that of the normal hake, the deficiency in

girth amounted to II per cent, and the deficiency in weight

to 23 per cent.

The question arises whether the emaciation of body, and lack

of pigmentation, should be regarded as results of some disease

(which was not otherwise apparent) ; or whether the lean con-

dition should be attributed to the insufficient nutrition of a

predaceous fish whose stalking powers had been reduced by its

conspicuous appearance.

The hake is a predaceous and nocturnal fish, which preys on
mackerel, herring and other active fish, especially at night.

The bulk of evidence appears to favour the view that albinism

in fishes is a congenital, and not an acquired character {cf. colour

variation in flat fishes) ; and I am not aware that leanness of

body is specially correlated with the albino condition.

Perhaps some of your readers could refer me to other records

which would throw light on this case?

Plymouth, October 10. Walter Garstanc.

Tenacity of Life of the Albatross.

Sir William Corry told me some time ago that on one of his

steamships coming from New Zealand, an albatross, supposed

to have been choked dead, kept in an ice box at a temperature

which was always much below freezing point, was found to be

alive at the end of fourteen days. He has been kind enough to

obtain for me the following statement in writing from Captain

Reed. Of course the birds mentioned in this statement could

not really have been choked dead, but I think the facts are

very interesting. John Perry.
October 11.

The bird referred to was supposed to be killed by being

strangled with twine tied as tightly as possible round the neck.

This twine was not removed. The beak was closed and tied

and the legs crossed behind the tail and tied. It was then

wrapped in an old meat cloth and put with three other birds in

the return box at the end of the port snow trunk. It remained

there for certainly not less than ten days at a temperature of

from zero when machine blowing on that side to 18" F.

when blowing on the starboard side. The snowboy com-

plained that the bird "grunted" when he went near it

with his lamp, and Mr. Coombes, the ist Ref. Eng.

brought it out. When put down on the engine-room floor, it

could move its neck about and open its beak, and the eyes were

open and lifelike. The lower half of the body and the legs were

frozen hard. The fastening on the beak had come off. It was
alive for two hours after being taken out, and was then strangled

and put in the snowbox.
There was another bird treated in the same way, and hung

up by the beak in the meat chamber for over four days, and
then found to be alive and able to make a "grunting" noise.

The temperature of the chamber was never higher than 4"F.,

and often 8' to 10° below zero. Mr. Coombes, then ist Ref.

Eng., now in Star of Australia, and Mr. Boyes, then 2nd, now
1st Ref. Eng., both declare this to be quite true.

If opportunity offers on the passage home I will try how long

it is possible for these birds to live in these low temperatures,

S.S. Star of New Zealand, Wellington, Wm. J. Reed.
August 22.

The Peopling of Australia.

In the issue of Nature for October 4, Mr. J. Mathew
has questioned the accuracy of certain observations upon the

linguistic part of his book, " Eaglehawk and Crow," which
were made by me at the request of Prof. A. C. Haddon, and in-

cluded by him in the review of Mr. Mathew's book in Nature
for December 28, 1899.

I shall be glad if you will permit me to reply as briefly as

possible to the complaints in Mr. Mathew's letter.

Mr. Mathew charges me with being " unnecessarily caustic
"

in my remarks on his theories, and with attending to " petty

points " instead of the main issues. To the former charge I

must plead zeal for accuracy, and fear of the formation of hasty

conclusions. To the second I may be allowed to say, that as

the whole of Mr. Mathew's theory (linguistically at least) is

based upon the " petty points," their accuracy is vital to the

whole structure. Although on p. 44 of his book Mr. Mathew
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disavows the fallacy that " likeness of words in sound and
meaning is a proof of a common origin," he nevertheless
adopts it in very many of his comparisons. Take, for ex-
ample, the Malay and Central Australian words on p. 59

;

the south-west Australian and New Guinea words on p. 72, the
examples in his chapter on the Malay element in Australian,
and the satisfaction expressed in his letter to Nature at a
comparison between Australian, Malay and New Hebridean,
because the " terms for father and skin are the same."
My summary of his chapter on the Malay element in Aus-

tralian is quoted by Mr. Mathew in his letter as "ridiculous
nonsense." I maintain that it is a perfectly fair summary of his

actual words. He states on p. 5 that " Malay refers gener-
ally to the people of that race to the north of Australia without
distinguishing nationality," and on page 61 that the Malay in-

vasion came from the north. Speaking of »the invaders, he says
on page 61, "The straggling stream winds about here and there,

touches the shore at various places and recoils back inwards,"
but when I state that the meaning of this is " wandering about
the interior," he says the latter phrase is a "pure invention of

Mr. Ray's."

Although Mr. Mathew declares in his letter that the Malays
came from an indeterminable (though probably Sumatran)
locality, all the Malay words in his proofs are those of the
current literary or colloquial Malay, and several of them {e.g.

tangan, gigi, kapala, bapa, rambut), are by no means the com*
mon words used by the Malayan peoples of the Archipelago.
In two instances his words are incorrect : kaka is wrongly given
kaku (p. 59), so as to agree with Australian words \\V^koko,
kakkonja, and ' dtiwaii '

(p. 60), said to mean ' ear ' is pro-

bably meant for daun, " leaf," which only means the " external

ear," i.e. the ' leaf of the ear,' when conjoined with telinga.

That Mr. Mathew believes the Malay words were "scattered
all over the island continent" plainly appears from his examples.
He shows so-called Malay words on the coast of New South
Wales, East (Queensland, and the extreme east (p. 58) ; others

across ihe centre of Australia from the Gulf of Carpentaria

southward, and on Cloncurry River (p. 59), and others in West
Australia (p. 60).

Mr. Mathew states that in ihe Journal o{ the Anthropological

Institute for 1894-5, I have used languages as the basis of a
classification of the New Guinea Islanders. That is so, but my
method is not comparable with Mr. Mathew's. I showed that

certain New Guinea languages (Motu, Keapara, &c.) should be
called Melanesian because they agreed with the languages of the

Melanesian islands, almost entirely in grammar, and very largely

in vocabulary, and that others should be called non-Melanesian

because they had no agreements whatever with the Melanesian.

Can Mr. Mathew show by a similar grammatical and lexical

comparison, that the Australian is related to any other group of

languages? With regard to terms like 'bapa' and 'mama'
for ' father ' and ' mother,' my argument was that no depen-

dence can be placed on these words to show a connection of

languages. They are among the earliest vocables uttered by a

human being, and in very many languages of the world have

become appropriated to the earliest recognised human relation-

ships.

This is not the time or place to reply to the somewhat contra-

dictory propositions in Mr. Mathew's letter. He wishes me to

prove : (i) That words of ' mama' type are not adopted words

in Malay ; (2) that they were not earlier in use in the East

Indian Archipelago ; (3) that they are not more markedly

Papuan than the ' bapa ' type. I may, however, be permitted

to /remark: (i) That words for father containing the syllable

ma (of which mama is a reduplication) are the commonest in the

vocabularies of the tribes of Borneo, Celebes, Philippines, &c.,

least subject to Malay influence, whilst words containing the

.syllable ba or pa are confined to the nearest connections of the

Malay. Hence the words of ma (or mama) type are the

original, not adopted words, and (2) were necessarily the earlier

in use. Mr. Mathew's second proposition thus contradicts his

first. Also (3), the languages of the Papuans in West New
Guinea have forms of bapa for ' father,' those in Central

New Guinea have babe or apai. One Papuan and all the

Melanesian have forms of ma (ama or tama).

Mr. Mathew complains that I have not explained the New
Guinea numerals. Could I do this within the limits of a review ?

The convergence of Australian forms towards Cape York, stated

by Mr. Mathew, does not necessarily imply that the words came
from New Guinea, and his examples only show that the Saibai
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numeral may be connected with the Australian. On the opposite

New Guinea coast the numerals for ' one ' are very ditTferent to

the Saibai urapon. They are : natnbi (Morehead River), atnbior

(Wasi Kasa), iarangesa (Bugilai Tribe), iepa (Kunini Tribe),

alanok (Dabu Tribe), netat (Murray Island), nao (Kiwai Island),

vionoii (Purari Delta), farakeka (Papuan Gulf), aia (Yule

Island). Mr. Mathew asks us to believe that the Kalkadoon
numeral " hiadi" (two) is a Melanesian numeral used in

Australia 150 miles south of the Gulf of Carpentaria, when the

only comparable form in Melanesia is the Duke of York Island

rnadi (second). This is a flagrant example of the method
adopted, though disavowed, by Mr. Mathew.
The point missed by Mr. Mathew in discussing tlie phrase

" ori kaiza," which I called mongrel, is that he has no proof
thui' ori' and ' w'oi' are the same words. Considering that

the Gulf tribes have a word (in'va) for ' cassowary ' (the emu is

not found), and that nowhere else in New Guinea is there a
word similar to orz, meaning ' bird,' and also that it requires a
Torres Straits word to give 'ori' an Australian meaning, it is

highly improbable that it can explain words like waitch, wadgie,
tvarritch for "emu." The Saibai for 'big bird' is " koi urtii,'

for 'cassowary,' ' satmi.'

In his letter, Mr, Mathew objects to my calling comparisons
of Australian with Malay and New Hebridean " absurd and
misleading." He suggests, without any warrant, that I find

the absurdity in analogies between Malay and New Hebridean,
whereas I have directly affirmed the connection of Malay with
Melanesian (including New Hebridean) in the Joicrnal of the
Polynesian Society for 1896. The real absurdity is that of
supposing that there is a relationship between Australian, Malay
and New Hebridean, because " the terms for father, skin are

the same."
In conclusion, I must again express my regret that Mr.

Mathew should regard my criticism of his work as ' mere fault-

finding and ridicule.' I have studied these languages for many
years (without postulating theories), and have much material yet

unpublished. To point out the weakness of Mr. Mathew's
argument, with regard to method and deductions is fair criticism,

and should not lead to a charge of unsoundness and inaccurate

knowledge. If, as Mr. Mathew states, his materials are im-
perfect, why found a theory upon them ?

218, Balfour Road, Ilford, Essex, Sidney H. Ray.
October 14.

RECENT AND PROPOSED GEODETIC
MEASUREMENTS.

IN the history of geodesy and the discussion of the
problem of the figure of the earth, the measurement

of three arcs of meridian stands out conspicuously. These
are the Peruvian and Lapland arcs in the Northern
Hemisphere, and that of Lacaille in the neighbourhood of
the Cape of Good Hope. Those who took part in the
original measures worthily distinguished themselves,
but it is inevitable that with the demand for greater
accuracy in geodetic inquiries the necessity for repeating
the ancient measures should be acknowledged. Without
experience and with imperfect instruments, it is remark-
able that the old astronomers accomplished what they
did. To determine the approximate figure of the earth,

and to derive a fairly accurate value of the compression
was no mean achievement. But Lacaille's arc of meridian
soon fell into disrepute, and other measures have had to

be substituted by Maclear and others. Svanberg
repeated the original work of Clairant and his colleagues,

in Lapland, soon after its completion, and within these
last few years a new determination of the Peruvian arc
has been imperatively called for. There is no doubt but
that the French nation, who have so honourably distin-

guished themselves in the difficult task of geodetic
measurement, will be able to undertake this work, and
increase their scientific reputation. From 1734, when
the enlightened Government of the day undertook the
measurement of two of the aforementioned arcs, down to

our own time, when we have seen the Mediterranean
successfully bridged by a geodetic survey, and the interior

of Africa connected in one unbroken chain with our own

Shetland Islands, French inen of science have played a
conspicuous part in all questions connected with the true
figure of the earth. At a moment therefore when the re-
measurement of the famous arc of Peru has been forced
upon us, It would have been with a feeling akin to dis-
appointment if we did not find the French nation eager
to repeat the historic work with all the skill that long
experience has suggested, and all the accuracy that
modern science demands. The report of a committee of
tlic French Academy of Sciences, however, assures us
that the ardour displayed by the French in the past is nO'

whit abated, and that though the sacrifice of time and
money is considerable, these drawbacks will be cheerfully
borne. For the arc in Lapland another has been substi-
stuted on the Island of Spitsbergen, and the necessary
work of triangulation has been for some time quietly
carried on under the auspices of the Russian and Swedish
Governments ; while at the same time, the reports of Her
Majesty's Astronomer at the Cape of Good Hope tell us
what is being done in the way of supplementing
Lacaille's arc in the Southern Hemisphere. With this

activity before us, it seems a fitting opportunity to com-
pare the aims and the motives that inspired those who
inaugurated the earliest geodetic expeditions with those
that will influence and guide the latest surveys in the
same or similar regions.

In the middle of the last century a distinct issue was
presented to the scientific mind. Then the general
figure of the earth was an undetermined problem, and
whether the polar or the equatorial axis was the longer
was a vexed subject of controversy. It is amusing
enough now to read of the disputes between the partisans
of defective observations on the one hand, and the up-
holders of an incomplete theory on the other. To-day
no such broad issue is before us, the differences are of a
more subtle character, demanding great nicety of observ-
ation and more effective analysis. Then the true

difficulties of the problem were scarcely apprehended.
Only a iew years earlier, Fernel had attempted to deter-

mine the length of a degree by counting the number of
revolutions of his carriage-wheel between Paris and
Amiens, a method which recalls the earliest attempts of
Eratosthenes. Picard, it is true, had recognised the
necessity of employing means of greater accuracy, and
had taught the true principles of geodetic measurement

;

but the methods pursued by his descendants, and the

precautions taken to ensure accuracy and recognise the

surface to which the measurements are referred, con-
stitute almost a new science. For with accumulating
materials and greater experience, it has become necessary
to distinguish between three surfaces. First, the ellip-

soid of revolution, which corresponds most nearly to the

form of the earth ; secondly, the true geoid, that is to

say, the surface of equilibrium of water at rest under the

influence of centrifugal force, and the attraction of the

earth's mass ; and, thirdly, a corrected geoid, diftering

but slightly from the true, in which it is attempted to

eliminate the effect of unequal masses on the earth's

surface and in its interior. Theory shows that the true

length of the arc of meridian, measured on the corrected

geoid, will be given in terms of the measured base, if the

effect of local attractions has been correctly determined.
It is precisely in overcoming the difficulty of correctly

eliminating the effect of local attractions, and of reducing
the length of the measured base to the level of the water

surface of the geoid, that the measurements of this

century will mainly differ from those of the last.

A preliminary survey of the district undertaken by
Captains Maurain and Lacombe has shown that the

country of Peru possesses peculiar difficulties for an

accurate geodetic survey. The levels vary very consider-

ably with the distance from the coast, while here and there

mountains of a volcanic character rise to a height of 6000
metres. But for the interest attaching to a historic site,.
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and the desirability of continuing measurements outside

middle latitudes to which they have hitherto been almost
entirely confined, a project involving so many hardships

might well be abandoned. Not the least interestmg part

of the report of Captain Maurain is his description of the

country in which the pioneers of the last century carried

out their observations, often on the slopes of mountains
rising abruptly to the height of some 3000 metres. Of this

monumental work scarcely a vestige remains, and the

original line of route can be traced only from the written

records. The care with which the fundamental points in

a triangulation are now marked was not appreciated in

those early days, and even the pyramids constructed to

commemorate the ends of the arc, and the successful

Fig. I.- '1 he sh.ided poition of the- map shows the district in which the
ineasuremenis will be made.

termination of the work, have been demolished by the

Indians, who hoped to find buiied treasure under the

monuments, though the jealousy of the Spaniards has led

to almost equally deplorable results.

But the enterprise of tlie French will not be contented
with the simple re-nieasurenient of the arc of Bouguer,
which extended from the environs of Quito on the north

to Cuenca, somewhat south of Guayaquil (F'ig. i).

Captain Maurain's instructions led him to examine the

-country north and south of these stations, with the view
•of e.Ktending the arc to six degrees of latitude. In
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neither direction does the task become more simple.
Towards the north the two chains of the Cordilleras
unite in a confused mass, bristling with numerous
summits, rising to an altitude only less than that of
Chimborazo or Cotopaxi. On the southern side the
country becomes more open, but covered with forests,

and with a wet climate, suggestive of fever. Neverthe-
less, it seems possible to push northwards as far as Paste
in Columbia, and southwards to the Peruvian town of
Sullana, an arc of six degrees, or about double that
originally measured. The Finance Minister asks, as
Finance Ministers will, whether it is absolutely necessary
to carry the arc beyond the limits of the ancient survey,
and the answer of the French Academicians, as might
have been anticipated, is to insist on the inaintenance of
the whole scheme as contemplated in the preliminary
examination.
The entire programme is vast, and worthy the best

traditions of French science. Three bases of about
eight or nine kilometres in length will be measured, one
approximately central, and two of verification at the north
and south ends respectively. The difference of level

between the central base and the sea at Guayaquil,
where tide gauges will be erected, will be determined
with the greatest nicety. Throughout the arc fifty-two

stations will be selected for observation, of which three
will be fundamental, and the longitudes be determined by
telegraph. Magnetic observations will be carried on as
a matter of course, and in a country marked by so many
mountain masses special care will be taken to deter-
mine their extent and density, with the view of eliminating
the effect of local attraction. But, after all precautions, it is

not impossible that the measures be made on a lengthened
protuberance on the surface of the geoid, and that the
curvature of the line of route should differ sensibly from
that which would be found along a line nearer to the
Pacific or further inland. To decide this point, two
methods are proposed—one by means of pendulum obser-
vations, which will give the variation of gravity throughout
the whole region ; the other, by determining the difference

of geodetic and astronomical longitudes between a point
on the coast and the observatory at Quito. The army
of experts who have examined the plan and arranged
the details assures us that no difficulty has been over-
looked, and as a result an admirably equipped expedi-
tion will leave France next spring, to take up quarters
on the equator, where four years' hard and anxious work
awaits the members.
As already mentioned, towards the polar end of the

quadrant the expedition under the Russians and Swedes
has already made good progress. The arc measured
by Maupertuis and Clariaut extended through only fifty-

seven minutes in the latitude 66^, and Svanberg at-

tempted no greater distance than iV. But the modern
scheme includes an arc of more than 4^ in length, in the

much higher latitude of 77'-8i°. The general control

is in the hands of H. Sergieffsky, and trained as he has
been in the accurate school of Pulkowa, admirable re-

sults may be expected. The difficulties to be encountered
are probably not less, though of a different kind to those

that await the French in the tropics. Fifty stations will

be occupied in the course of the triangulation, which
compares satisfactorily with the fifty-two of the French
scheme. Two baselines only will be measured, in which
it is proposed to use Jaderin's steel tape line twenty
metres long. Very little is known of the success that

has attended this method, though its accuracy is vouched
for by Dr. Dollen's careful examination, and the French
prefer to rely upon the same apparatus that was used in

the determination of the French meridian. It was ex-

pected that the field-work in Spitsbergen would be
finished this summer, but we are still waiting information

concerning the amount of progress that has been made.
Lacaille's arc of meridian, measured in 1752, and
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practically the only measurement effected in the Southern
Hemisphere, was long a subject of perplexity in all

theoretical investigations of the figure of the earth, since
the result indicated that the earth's surface was less

curved in the Southern than in the Northern Hemisphere
;

but though the verification of the arc was an urgent
necessity, it was not till 1840 that Sir Thomas Maclear
commenced the work that solved the difficulty. The
apparently anomalous result offers a good instance of the
effect of local attraction in disturbing astronomical lati-

tudes. The astronomical amplitude of Lacaille's arc
(1° 12') was proved to be very nearly correct, but a
large local disturbance of the direction of gravity at the
northern end caused a zenithal error of some 8". Maclear
enlarged the arc to nearly 5°, and here geodetic opera-
tions practically ceased, till the present astronomer, Sir
David Gill, developed a scheme which dwarfs into insig-
nificance all previous measures, and which, if it can be
carried out, will prove of the utmost scientific value. He
regards all that has been accomplished in South Africa
as the first step in a chain of triangulation which, approxi-
mately traversing the 30th meridian of east longitude,
shall extend continuously through Africa to the mouth of
the Nile. He would make his chain follow, or rather
precede, the line of that taken by Mr. Rhodes's trans-
continental telegraph, proceeding northwards along Lake
Tanganyika, through the region of the Lakes Albert and
Victoria Nyanza, and along the Nile Valley. The
definite survey of Egypt has not yet been undertaken,
hut commercial and political motives will doubtless soon
bring this within the domain of practical science, and
assist the onward progress of the scheme. Sir David
Gill does not stop at the shores of the Mediterranean.
Onwards, by an additional chain of triangles from Egypt
along the coast of the Levant and through the isles of
Greece, he would connect the African arc with the exist-
ing^ European systems, till it reached an amplitude of
105°. Sir David Gill puts before us a number of con-
siderations by which such a scheme might be carried to
a successful issue, without by any means minimising the
difficulties which his experience teaches him stand
in the way. It is not necessary to dwell on these
obstacles, some of which are sufficiently obvious. It

should, however, be remembered that no other meridian
offers greater, if equal, facilities, or furnishes a better
prospect for the realisation of this magnificent scheme.
Sir David Gill has not confined his attention merely to
the elaboration of schemes ; he has accomplished much
good work him^elf, often with straitened means, and
by his personal iniiuence and indefatigable energy aided
and encouraged others. Under his auspices a chain of
triangles has been carried eastward from Cape Town to
Port Elizabeth, whence two branches have been carried
to the north, one ending at Kimberley, while the other,
crossing Natal, stops for the present at Newcastle in the
extreme north of the colony. Much exploring work,
hardly inferior in point of accuracy, has been carried
through Bechuanaland and northwards along the 20th
meridian, marking the boundary between German and
British South Africa. His latest report tells us that on
the eastern side of the continent stations were occupied
from Bongwe (Lat. 19° 51' S,, Long. 30" 19' E.) to a
point in 16" 30' S., and within sixty miles of the Zambesi.
There the smoke from extensive grass fires compelled
stoppage of field-work for the season, and his party
retired to the observatory to occupy themselves in the
work of reduction. The outbreak of the war and inter-
ruption by the Boers of telegraphic communication with
Cape Town have for the moment delayed the determina-
tion of longitude of distant stations, but we may be. sure
that once the country has settled down to normal con-
ditions. Sir David Gill will be ready to prosecute his
scheme with the ardour that has ever characterised his
undertakings.
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RECENT ANTARCTIC BOOKS.^
T^HE long-continued neglect of Antarctic exploration

has given place to a period of great activity.
Several expeditions have, during the last five years, been
hovering on the margin of the unknown, and penetrating
within it a i^vi steps farther than their predecessors.
Great preparations are being made for what ought to
prove the most determined effort to explore and study
those regions by means of simultaneous national ex-
peditions from this country and from Germany, and the
public will soon begin to ask where the Antarctic regions
may be and why people wish to go there.
The forerunners of the inquiring public have hitherto

been obliged to cull such information as may be obtainable
by the tedious process of consulting the records of original
voyages which have been " out of print " for a generation

I

at least
; but in 1898 Dr. Karl Pricker came to their aid

j

by producing his admirable compilation, "Antarktis,"
the introductory volume of Kirchhoff and Fitzner's
" Bibliothek der Landerkunde." Of this book it is im-
possible to speak too highly, and we must congratulate
the editors and publishers of the series on their choice
of a beginning. We must congratulate the English pub-
lishers also on having the courage to show the Britisli
public how much better the results of British pluck
and enterprise are appreciated in Germany than at
home. We know nothing less pleasant to contemplate
with regard to the long Antarctic record than the apathy
of the British public and publishers alike to the pioneer
work of Cook, the public-spirited enterprise of the
Enderbys, and the great achievements of Ross. The
fact that the account of Ross's Antarctic voyage has never
appeared in a popular edition is a mystery in the face of
the frequent inquiries for that delightful book.

Dr. Ericker passes lightly over the early history of the
Antarctic regions, not mentioning, we may note, Rain-
aud's excellent historical summary, " Le Continent
Austral," in which the myth of the Great South Land is

traced to its source. He takes up the work of Cook in
the eighteenth century, of the Russian expedition under
Bellingshausen, of Weddell, Biscoe, Balleny and the
other sealers sent out by Messrs. Enderby Brothers, and
deals in a thoroughly satisfactory manner with the simul-
taneous expeditions at the dawn of the Victorian era,
when the French under Dumont d'Urville, the Americans
under Wilkes and the British under Ross competed in
the investigation of the south polar seas. Probably it

was wise to pass lightly over the acrid controversy
between Ross and Wilkes, although the English reader
might have liked to see how such Homeric heroes
assailed each other in the pages of the Athenaeum half a
century ago.
The history of recent voyages stops with the trip of

the Antarctic to Victoria Land in 1895. This was in-
evitable in the case 'of Dr. Fricker's German edition;
but the translator might have endeavoured to convey,
in a supplementary chapter, some idea of the great re-
sults which have been achieved since the first publica-
tion. It would only have been fair to the author to have
given him the opportunity of revising his section on
Bouvet Island, with which the detailed description of
the various known lands of the Antarctic regions com-
mences. The translator might at least have added a
note to let the reader know that this interesting group,
which was sought in vain by Cook and by Ross, was
re-discovered by the Valdivia on November 25, 1898,
during the first scientific voyage conducted by Germans
to the edge of the Antarctic (see Nature, vol. Ix. p. 114).

1 " The Antarctic Regions," by Dr. Karl Fricker. Pp. xii + 292.
Maps and Plates. (London : Swan Sonnenschein and Co., Ltd., 1900.)
"Through the First Antarctic Night, 1898-99. A Narrative of the

Voyage of the Belgica among newly-discovered lands and over an unknown
sea about the South Pole." By Frederick A. Cook, M.D., Surgeon and
Anthropologist of .the Belgian Antarctic Expedition. Illustrated. Pp. xxiv
-h 478. (London : William Heinemann, 1900.)
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The description of the various portions of land seen

by Antarctic explorers is well done, and the critical

remarks of the author appear to be judicious and likely

to be of service to subsequent expeditions. Then follow

accounts of the ice-conditions, on which Dr. Fricker has

iceberg (300 feet high). (From Dr. Cook's " First Antarctic
Night.")

made himself an authority, climate and life. The book
ends with a chapter on the future of Antarctic explora-
tion, excellent when it was written, but now happily out
of date.

Mr. A. Sonnenschein has translated the book very well
indeed from the literary point of view. We
could scarcely have believed it possible
that a translation could be made so literal,

and yet so free from constraint, as this

one is. Still a scientific man cannot help
noticing some slips in the rendering of
technical expressions, and it may prove
useful to the general reader to correct
some of these. On p. 104, line 32, the
translator interpolates " Mount " before
" Erebus," not noticing that the author
refers to the temporary position of the
ship which was the mountain's god-
mother ; similarly, on p. 117, the objec-
tionable word "insects" is introduced after
" coral " without Dr. Fricker's authority.
On p. 120 "the lower parallel" scarcely
conveys the idea "a great-circle course"
which the author expressed. In several
places the geological dip of rocks is ren-
dered by slope, a totally different thing.

On p. 175 "layers of secondary forma-
tion " suggests Mesozoic rocks, but drift,

without regard to the geological character
of the stones, is the true meaning. On
p. 176 " precipitate rock" should be " sedi-

mentary rock." In several places the
word schciren is translated "dunes," but
it really refers to skerries or rocky islets

like those of the Skargard of Sweden.
The phrase "relative moisture" is used
instead of the familiar " relative humidity."

displaced from English writings. On p. 261 the word
" Translator " has been inadvertently added to one of the
author's footnotes.

The editorial note prefixed to the English edition is

not very satisfactory. It is gratifying news, which we
have not seen before, that 13elgium is

actively fitting out an expedition for Ant-
arctic exploration ; but the statement
that a Belgian expedition was sent out

in 1897 should have been supplemented
by the fact that it returned in 1899 with

rich results. The Valdivia expedition is

not noticed, although Mr. Borchgrevink's
return properly finds a place. It would
have been useful if the numerous recent

papers on Antarctic exploration in English
had been added to the bibliography, and
if the efforts of Sir Clements Markham
and the councils of the Royal Society and
the Royal Geographical Society in pro-

moting the British Antarctic Expedition
had been specifically referred to.

Dr. Cook is the first of the staff of the

Delgica to place his experiences on record

in book form, and his description is in-

tended for the general rather than the

scientific reader. Its great value lies in

the frankness with which the subjective

side of exploration in the polar regions

is dealt with, and in the professional ob-

servations on the health of the explorers.

It will be remembered that the Belgica,

after surveying part of the coasts of the

channel which continues Bransfield Strait

to the south between 64° and 65° S , sailed west and
south, and wintered in the Antarctic pack, where
for thirteen months the ship was fast in the ice.

The claims as to geographical discovery, and the
results of the scientific observations, may be left for

«<r

throughout
On p. 248

the translator suggests the use of the German word
fim in English ; but it seems to us that the French
equivalent nevd has received too general currency to be
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discussion when the oflficial report of the expedition

is published. Dr. Cook says very little about the

leader, M. de ("lerlache, whose resolution to push as
far as possible to the south does not seem to have met
with the approval of his subordinates, and it is notice-
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able that de Gerlache's portrait is not given in the

admirable series showing the officers and scientific staff

before and after their experiences.

The preliminaries of the expedition when one might

almost think time was wasted in Tierra del Fuego, are

described in considerable detail ; but the interest of the

reader will be mainly attracted by the description of the

first winter night (a night of seventy days) ever lived

through by human beings in the Antarctic regions. It is

described with a restrained realism that suggests many
thoughts. We do not admire the author's style in such a

passage as— " Even the sailors cannot resist the tempta-

tion to stand still and drink, with awe-inspiring amaze-
ment, the strange wine of action which hangs over the

mysterious whiteness of the new world of ice" ; but when
he comes to deal with the details of every-day monotony
in the narrow limits of the lonely ship, the narrative

acquires an intensity of interest which the simplest and
most correct expression could hardly increase. The
efforts of the scientific staff to carry on observations in

most unfavourable conditions deserve the greatest praise.

Dr. Cook attributes the terrible depression of spirits and
the circulatory troubles which affected every one on board
the Belgica to the absence of sunlight and the monotony
of the food. He never mentions scurvy ; but the symptoms
described read not unlike the incipient stages of that

disease. With regard to food, he raises a strong protest

against essences and "artificial" foods of every kind.

However nourishing these may be, their softness and
want of flavour excite repulsion. Something with a
taste, and tough enough for the teeth to have some work,
was what the officers of the Belgica sighed for. Of all

the foods on board, the Norwegian Fiskeballar^ or
" Fiskabolla," as it is written, were the objects of the

heartiest detestation. Either the supply must have been
-of inferior quality or the abundance produced disgust, for

only a few weeks ago we heard a person of intelligence

•declare spontaneously, on first tasting this delicacy, that

with a supply of fiskelDallar he could face a polar winter
with equanimity. Sugar and milk ran short, and their

loss was very severely felt. The experience of the Belgica
should be very carefully considered by those responsible

for victualling the new Antarctic expeditions, and com-
pared with that of the Fram. Dr. Cook, by the way,
throws doubt on the perfect health and general serenity

of Dr. Nansen's expedition ; but it appears possible that

with a small company of one nationality, personally
selected by the leader, and living together, the chance of
harmony is greater than with a larger number divided
into cabin and forecastle, composed of five nationalities,

and speaking as many languages.
Both the books which we have brought together in this

review are good, splendidly illustrated, and full of interest

;

but each would have been better of careful revision. Dr.
Cook is unhappy with his proper names ; we note Grand
(for Gand), Recluse (for Reclus), Bismark, Monacho,
Bellany (for Balleny), Jessup (for Jesup), and there is also

•carbon diolide, all of which are wrong. In both works
the comparison of temperatures on the centigrade and
Fahrenheit scales is sometimes at fault, and in one between
the hours of 4 a.m. on Sunday and 8 a.m. on Monday
several gentlemen succeeded in obtaining thirty-six hours
•of continuous sleep. Hugh ROBERT Mill.

NOTES.
Lord Kelvin proposes to give a valedictory address to the

London Mathematical Society on November 8. The subject

will be " The Transmission of Force through a Solid."

Things scientific are beginning to move in Egypt a little.

A notice has been published in the official journal that on and
after September i universal time will be adopted in Egypt,
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and the noonday signal given at mean noon of the 30th Meridian
East of Greenwich, i.e. East European time. The Ports and
Lights Administration have also notified that the time balls at
Alexandria and Port Said will on and after October i be
dropped according to the same time, and not local time as

heretofore. At present these time balls are dropped by local

arrangements, but before the end of the year the midday signal

ball at each place will be dropped automatically by electric

signal from Abbassia Observatory. Regarding meteorology,

there are now eight stations between Alexandria and Khartum
forwarding daily telegraphic weather reports, and these will be
increased shortly. Abbassia has now a complete self-registering

equipment, and hourly observations for 1900 will be published.

Mr. J. S. BUDGETT, of Trinity College, Cambridge, who, it

will be remembered, accompanied Mr. Graham Kerr on his

journey in search of Lepidostren, and who last year spent several

months investigating the zoology of the Gambia region, has just

returned to England from a second expedition to that river.

Mr. Budgett's main object was to obtain material for studying

the development of the Crossopterygian fish Polypteriis. In his

first expedition he obtained eggs and larvre which were said to

be those of this fish, but which, as it turned out, belonged

apparently to a Teleost. Mr. Budgett has in his recent expedi-

tion failed to obtain the Polypterus material, but he is to a

certain extent compensated for this by having obtained a mass of

other embryological material which appears to be of great

interest. Amongst this is a practically complete series of eggs

and larvae of the Dipnoan Protopterus whose developmental

history had hitherto remained quite unknown. It is an interest-

ing fact that the developmental stages of all three surviving

members of the important group Dipnoi

—

Ceratodus, Lepido-

stren and Protopterus, belonging to Queensland, South America

and Africa respectively—owe their discovery and first observa-

tion to workers of the Cambridge school of Zoology.

At the meedng of the Rdntgen Society on November i. Dr.

J. B. Macirityre will deliver his presidential address.

Lieut. C. Lecointe, who was second in command of the

Belgian Antarctic Expedition, has been appointed director of

the astronomical work at Brussels Observatory, in succession to

M. Lagrange, retired.

AReuter correspondent at Friedrichshafen describes another

ascent made with Count Zeppelin's air-ship on October 17.

The balloon remained for three-quarters of an hour at an eleva-

tion of 600 metres, and, after carrying out a number of successful

steering manoeuvres, alighted safely on the lake shortly before

6 o'clock, half a mile from Manzell. Herr Eugen Wolf, who
took part in the ascent, has given the following account of his

experience :— " The trial lasted an hour and twenty minutes.

The start upwards was first-rate. The air-ship moved at an

almost unvaried height of 300 metres and went against the

wind. All the steering tests proved the efficacy of the new
gear, and the air-ship satisfactorily answered the movements of

the steering apparatus. The horizontal stability of the vessel

was wonderful. Any list was easily counteracted by shifting the

sliding weight. The speed of the air-ship was such that, when
going against the wind, it outstripped the motor boats on the

lake. In still air its own speed was at least eight metres per

second. We descended at full speed in the direction of the air-

ship's shed rather faster than we expected, owing to an as yet

unexplained escape of the whole of the gas in one of the

balloons in the forward part of the ship. No damage of any

importance was sustained in the descent. The King and Queen

of Wtirttemberg and Princess Maria Theresa of Bavaria watched

the trial on private steamers."
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Sir Henry Dyke Acland, whose death we recorded last

week will probably be remembered more on account of the

influence he exerted on behalf of scientific education at Oxford

than for his contributions to natural knowledge. He was born

in 1815, and graduated in medicine in the University of Oxford in

1846, having previously been appointed Lee's Reader in Anatomy.

He became Radcliffe Librarian in 1851, and Regius Professor

of Medicine in 1857, which post he held until the year 1894.

He was a member of the General Medical Council from 1854 to

1874, and president in the years 1874-1887, when Sir Richard

Quain succeeded him. Referring to his work on the Council,

the Lancet says it was invaluable, and as he was likewise a

member of the Medical Education Committee of the Hebdomadal

Council of the University of Oxford, his influence on the scope

and direction of the course of studies of a medical student was

very great indeed, and was invariably directed towards the en-

largement of the scope of scientific training. Not only did he

use his influence for the good of the medical profession in his

own country, but he extended his interests to foreign countries,

and in 1879 sent an eloquent and encouraging letter to the

authorities of the Johns Plopkins University, urging his readers

to higher things and to the raising of the standard of medical

education. He always placed the greatest stress upon general

culture as a necessary qualification for the successful medical

man, and being himself of very wide interests and a man of

science, displayed an excellent example of a scientific and

scholarly physician. In 1869 he was appointed a member
of the Commission to inquire into the sanitary laws of England

and Wales, and did valuable work in connection with it. He
was the author of several works on medical and scientific sub-

jects, including an important memoir on the visitation of cholera

in Oxford in 1854, and another on village health and village life

written in 1884 for the International Health Exhibition.

A LITTLE more than a year ago the attention of the Council

of the Manchester Literary and Philosophical Society was

directed to the fact ithat Dalton's tomb in Ardwick cemetery,

Manchester, was in a very bad condition, owing to neglect. A
committee was appointed to take steps to put the monument in

a thorough state of repair, and there was no difficulty in obtain-

ing subscriptions for this purpose. A full-pige illustration of

the tomb in its restored condition appears in the latest number
of the Memiirs and Proceedings of the Society.

Referring to the age of the big trees of California, Prof.

C. E. Bessey records in Science that he once counted with much
care the rings of growth of the tree of which the stump con-

stitutes the floor of the so-called dancing pavilion. This count

was made from circumference to centre, and every ring in all

that distance was counted, no estimates or guesses being made.

The result was that 1147 rings were counted, and accordingly

it is safe to say that this tree, which was fully 24 or 25 feet

in diameter, and considerably more than 300 feet in height,

acquired these dimensions in eleven hundred and forty-seven

years. Prof. Bessey doubts whether any of the existing tree s

approach the age of two thousand years.

A DESCRIPTION of the condition of gases, materials and food

in a mine which had been tightly closed for fifteen months was
given by Mr. F. G. Meachem at the recent meeting of the

Institution of Mining Engineers. When the mine was reopened,

the air was analysed and was found to consist of 84 per cent, of

nitrogen, 12 per cent, of fire-damp, and 4 per cent, of carbon

dioxide. The gases were greatly compressed, and it is estimated

that about 1,500,000 cubic feet escaped from the first bore hole

in twenty-four hours. When the mine was entered, it was found

that the gases had had no deleterious effect upbn the food, or

the materials left in the mine ; in fact, everything left in the mine
was found practically undamaged. Bread had become as dry as
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biscuit, cooked bacon was as fresh as when left, and water in the

horses' tubs had not evaporated, although surrounded by per-

fectly dry coal-dust. Previous to the fire, oatmeal was supplied

to men working in hot places to mix with their drinking-water,

and this was found to be as sweet as when sent down the pit.

The rails and ropes were not rusted. Men's clothing was dry,

and in practically the same condition as when left. In the

stables, the chaff was unimpaired, and the horses readily ate it.

The timber in the pit did not seem to have undergone any

change whatever. In the three months that had elapsed since

the reopening of the mine, greater decay had taken place than

during the fifteen months that the pit was closed.

Malaria is not the only disease which is propagated by

mosquitoes. In the Atti det Lincei, ix. 5, Prof. Grassi and G.

Noe describe observations on the transmission of the filariae of

the blood by mosquito bites. The same species. Anopheles

claviger, which is mainly responsible for the dissemination of

malaria, also plays the part of host to Filaria iininitis. The

present investigation deals with the mode of exit adopted by

the filariae in passing from the mosquito to the punctured

animal, and it would appear that the parasites make their escape

by means of a rupture in the integum2nt of the labium. In the

succeeding part of the same journal, Prof. Grassi describes ex-

periments carried out by a committee with the assistance both of

the Italian Government and of the Mediterranean Railway Com-

pany, with a view to the prevention and cure of malaria in

infected districts. The experiments were carried out in the

plains about PcEStum, which have long been known as a hot-

bed of malaria (" malaricissima " is the epithet Grassi applies to

the region), and fell into two categories, namely, cure of the

disease by the use of quinine, and protection from the bites of

Anopheles claviger by the use of wire gauze as a covering for

windows, doors and even chimneys of houses, the inhabitants

of which were required to remain indoors from before sunset till

after sunrise, or to go about covered with veils at night. By
thus preventing mosquito bites, it was found that the malarial

regions could be safely inhabited even at the season when the

fever was at its height, and under such conditions the district

might be made as healthy as any part of Italy.

In opening the recent International A eronautical Congress at

the Meudon Observatory, the president, M. Janssen, rapidly

and very eloquently reviewed the most im portant points of the

progress made since the meeting of the last congress held at

Paris in 1889. During the interval, progress has been consider-

able in all directions, and new and important questions have

been dealt with. The military authorities of several of the

European countries have rendered much assistance in allowing

their balloons and requisite appliances to be used in scientific

investigations. In Germany alone no less than seventy-five

ascents have been made during the last five years, the results of

which have recently been discussed in a valuable work by MM.
Assmann and Berson. Since the last congress in 1889, M. Le

Monnier's idea of employing unmanned balloons has beea

realised ; the success of these ascents and the results obtained

by their means, notably in the investigations of MM. Violle and

Cailletet, have given rise to the creation of the International

Aeronautical Committee, which recently met in Paris under the

presidency of Dr. Ilergesell. M. Janssen also referred to the

important results obtained from kite observations, especially by

Mr. Rotch and M. L. Teisserenc de Bort. At the Berlin

Meteorological Office a new service has been established for

experiments, both with kites and balloons. The use of balloons

for astronomical observations was also discussed, and recom-

mended for observing the Leonid showers in November next.

This method was successfully used under M. Janssen's direc-

tions by M. Hausky, in 1898, and was adopted by other

countries in the following year.
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The U.S. pilot chart of the North Atlantic Ocean for October

shows the track of the Galveston hurricane. The storm was first

noted to the east of Martinique on August 30. Next morning

its centre passed slightly to the northward of Antigua, where the

barometer fell to 29-84 inches ; it traversed the southern portion

of Haiti on September i, and reached the southern part of Cuba

on the 3rd. The barometric depression, which had been quite

shallow, began to deepen over western Cuba, where the baro-

meter read 2979 inches on September 5. To the west of

southern Florida the storm increased rapidly in area and strength,

a reading of 28-10 inches and gales of hurricane force be!->2

noted on September 7 in lat. 26^ 40' N., long. 90° W. T.ie

storm-centre passed slightly southward of Galveston on Septem-

ber 8. The destruction of life and property at and near this

city was unprecedented in the history of West India hurricanes.

The strength of the storm decreased rapidly to the northward of

Galveston, again increasing in the region of the Great Lakes,

Newfoundland and the Grand Banks, where it attained great

violence, force 12 being frequently reported. The storm moved

to the north of the 60th parallel in about 20° W. on Septem-

ber 16. The recurving so far westward, long. 98°, is quite

unusual. Before recurvature, the storm moved in a W.N.W,
direction, and after recurving it took an E.N.E. course, its

progressive movement increasing greatly in velocity.

Naturalists will read with much interest a paper by Mr. R.

Hall in the October number of the Zoologist, describing his

experiences among the elephant seals of Kerguelen Island. The
visit took place during the winter of 1897-98, when Mr. Hall

ound these huge animals in great numbers. He believes that

they arrive in August on the island, whence, after breeding,

they depart in February or March. A large male may measure

as much as 20^ feet in length, and the weight of many of the

animals is estimated at between two and six tons. The finest herd

seen included a couple of dozen males averaging about 19 feet in

length. In disposition these seals are sluggish and peaceful,

although when attacked many of them will show fight. On
several days from sixty to seventy were killed, but iotty per diem

was considered a good average. It is to be hoped that steps

will be taken by Government to prevent the extermination of

these remarkable seals. Mr. Hall gives a characteristic photo-

graph of a group on shore. In the same journal, Mr. E. Selous

brings to a close his diary of the habits of the thicknee, or great

plover ( CEdiatemus crepitans), in the course of which he notices

that these birds indulge in dances comparable to those so

graphically described by Mr. W. H. Hudson in the case of an

Argentine plover.

The latest issue (vol. xiii. pt. 2), of the Journal of the

College of Science at Tokyo, contains a coloured plate and

description of a gigantic and gorgeously coloured medusiform

hydroid recently captured in deep water off Misaki. It is identi-

fied by its describer, Mr. Miyajima, with a form obtained in

Japanese waters during the Challenger expedition, and named
by Prof. Allman Monocaulus imperator, the generic title being

now changed to Branchiocerianthus. There are, however, certain

differences from the type-specimen of the latter, and other

examples are much needed in order to determine the value

of these variations.

The Yorkshire College, Leeds, together with the conjoint

Agricultural Council of the East and West Ridings, have just

published a pamphlet on sheep-breeding experiments in the

county, forming No. 13 of their series. It is a common custom
in Yorkshire to cross ordinary evves with pedigree rams of other

breeds ; and the object of the experiments has been to ascertain

whether such crosses are profitable, and which are the best.

The results are tabulated in the pamphlet.
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The October number of the Biologisches Centrablatt includes
a paper by lierr Stempell on the formation and growth of the
shells of molluscs

; and another, by Herr Wesenberg-Lund, on
the relation between the fresh-water plankton and the specific
gravity of the water in which it occurs.

We have received from the Trustees of the Indian Museum,
Calcutta, a fasciculus of the " Illustrations of the Zoology of
the R.I. M.S. Investigator," containing the plates to Fishes
(Part vii.) and Crustacea (Part viii.), and also the index to

Part i. (1892- 1 900).

The U.S. Department of Agriculture, in Bulletin No. 24,
has just issued a list of works on North American entomology,
compiled by Mr. N. Banks. With the exception of a few deal-

ing with the general subjects, the various memoirs are cata-

logued under the headings of the different groups to which they
refer.

We have received from Prof. Jamshedje Edalji a paper on
" Reciprocally related figures and the principle of continuity,"

which is remarkable as a collection of exercises in polar recipro-

cation. It contains reciprocal theorems corresponding to the

properties of the circle contained in Euclid's Third Book, as

also to many of the exercises in Todhunter's Euclid.

In the Berichte der naturforschenden Gesellschaft (Freiburg

i. Br), Dr. Otto Berg discusses the significance of kathodic

rays in connection with the mechanism of discharge. In con-

nection with the heating effects produced when kathodic rays

fall on a solid body, experiments with a thermo-element show
that (i) for given potential the heat produced is proportional

to the quantity of electricity carried over
; (2) the ratio of the

quantities of heat and electricity decreases as the potential

increases. The same journal also contains a paper by Dr. F.

Himstedt on observations with Becquerel and Rontgen rays.

Dr. Himstedt has observed no action of radium on a coherer,

but has found a noticeable reduction of resistance of a sele-

nium cell due to these rays. A similar diminution of resist-

ance amounting to as much as 50 per cent, is produced when
Rontgen rays fall on a selenium cell, and this effect might be

conveniently used to measure the intensity of Rontgen rays.

The same action is also produced by ultra-violet, but not,

accord ing to Dr. Himstedt's experience, by ultra-red light.

The American Naturalist states that the discontinuance of

the Italian scientific journal Erythea has been immediately

followed by the reappearance of Zoe, a journal of very much
the same scope, after a suspension of several years.

An interesting report is printed by the U.S. Department of

Agriculture (Division of Vegetable Physiology and Pathology)

by Mr. Hermann von Sc^renk, on two diseases of the red cedar

(/uniperus virginiana), caused by the attacks of two parasitic

fungi, Polyporusjuniperinus and P. corneas, the former new to

science. The paper is copiously illustrated by seven plates.

Prof. F. Pechoutre, of the Lycee Buffon, Paris, contributes

to the Revue ghi^rale des Scienas (for September 30) a veiy

interesting epitome of recent researches in vegetable cytology

and the process of impregnation in flowering plants. A very

useful summary is given of all the most important papers—an 1

they have been very numerous—published on the Continent, in

England, in Japan, and in America, during the last three years,

under the following heads :—Centrosomes and blepharoplasts ;

Chromatic Reduction ; Centrosomes and kinetic centres ; the

influence of organic substances on the action of nitrifying

microbes
; the Antherozoids of Angiosperms and double im-

pregnation
; the phenomenon of Xenia and the h)dDrid impreg-

nation of the endosperm. Under the last heading the
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observations of De Vries and Correns are referred to, but not

the most recent ones by Webber ; and several of the sections are

illustrated by excellent wood cuts.

Messrs. C. Baker, of High Holborn, send us their illustrated

catalogue of microscopes and accessories, and stains, reagents,

&c., for use in pathological and bacteriological research, in-

cluding necessaries for the study of tropical diseases and exam-

ination of blood. Tlie slide-lending department existing in

connection with this firm appears to meet a distinct want.

The Hampstead Astronomical and Scientific Society

encourages interest in natural knowledge by popular lectures

and instructive papers on scientific subjects. A course of six

lectures upon the astronomy of the spectroscope and photo-

graphic camera will be delivered on Monday evenings at the

Hampstead Library by Mr. P. E. Vizard, commencing on

November 12. The programme of papers to be read at the

meetings is an attractive one, and should be the means of

increasing the membership of the Society.

Four public lectures will be given in the library of the

Sanitary Institute under the auspices of the Childhood Society,

which exists for the scientific study of the mental and physical

conditions of children. The lectures will be as follows :
" Treat-

ment of Feeble-Minded Children in Asylums," by Rev. T. W.
Sharpe, C.B. ; "The Training of Teachers," by Prof. W. H.

Woodward; "Physiology for Teachers," by Prof. C. S.

Sherrington ;
" Causes of Failure in the Health of School

Girls," by Mrs. D. Colman.

The list of announcements of the firm of Gebriider Born-

traeger, Berlin, has just reached us, and is as follows :—" Samm-
lung geologischer Fuhrer "

: vol. v. Elsass (Vogesen), by Drs.

Benecke, Bucking, van Werveke and Schumacher ; vol. vi.

Riesengebirge, by Dr. Giirich ; vol. vii. Schonen (Schweden),

by Dr. Hennig ;
" Lehre von den Erzlagerstiitten," by Prof.

R. Beck (Part i.) ; "Flora der Deutschen Schutzgebiete in der

Sudsee," by Drs. C. Lauterbach and C. Schumann ;
" Werden

und Vergehen," by Carus Sterne, fourth edition, vol. ii.

The British South Africa Company has issued a pamphlet on

the rubber industry of its territories. The rubber-producing

plants of the territory are described as being mostly gigantic

creepers belonging to the natural order Apocynaceae. The

pamphlet is chiefly occupied with hints on the administrative

policy desirable for the protection and encouragement of the

industry. Apparently no serious effort has yet been made either

to ascertain the rubber-producing value of the native trees and

shrubs, or to encourage the cultivation of those species which

are found to be most valuable.

The edition of Darwin's " Origin of Species," just published

by Mr. John Murray for half-a-crown, is the cheapest scientific

book we have had before us for many a day. The volume is

clearly printed, has more than seven hundred pages, and a

collotype portrait of Darwin appears as a frontispiece. The

first edition of the work was published on November 24, 1859,

so the copyright will shortly expire, and probably other editions

will be issued by various publishers, but the book which Mr.

Murray has brought out will be able to hold its own against all

that follow it. If there is a person who claims to be a naturalist,

or even to have an interest in natural history, and does not

possess a copy of Darwin's immortal work, he should make

haste to add the new book to his library.

The Cambridge Scientific Instrument Company have issued a

list of apparatus d2si;;ned anJ used hy Prof. Ewing, F.R.S., for

the teaching of mechanics in engineering laboratories, and now

manufactured in their works. Several of these pieces of

apparatus relate to experiments on the elasticity of materials,

and to measurements of the modulu.ses of elasticity, by various

methods. Amongst these are the latest forms of Prof. Ewing's
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microscope extensometer. The remaining instruments and

devices are designed to enable students to make quantitative

experiments in mechanics. The importance of such mechanical

laboratory work, carried out by the students themselves, as a

supplement to their study of theoretical mechanics by books or

lectures, is now generally recognised. Well-made instruments

such as are supplied by the Cambridge Company are essential

to ensure accurate work by advanced students.

In the last number of the Berichle, E. Fischer gives an account

of further investigations on the division of racemic amido-acids

into their optical components. He found previously that by

replacing hydrogen in the amido-group in these acids by a benzoyl

group, compounds of much more strongly marked acid cha-

racters are produced, which are capable of forming well crystal-

lised salts with bases. By crystallising such salts of the active

alkaloids, strychnine, brucine, cinchonine, the amido-acids in

the form of their benzoyl derivatives have been divided.

Alanine, aspartic acid and glutaminic acid were the first to be

resolved by this method, and these have now been followed by

leucine, amidocaproic acid, phenylalanine and o-amidobutyric

acid.

In the same journal, v. Baeyer and Villiger discuss the action

of permanganate on hydrogen peroxide and assail the views of

Berthelot and Bach on the existence of oxides of hydrogen

higher than the dioxide. Berthelot found that at a low temper-

ature permanganate is decolourised without evolution of oxygen,

which he ascribes to the formation of hydrogen trioxide (HjOj).

The authors, on the other hand, find that at - 16°, though more

slowly, the same volume of oxygen is evolved as at the ordinary

temperature. Bach concluded that, as an excess of oxygen

above the calculated quantity was evolved with permanganate,

"Caro's acid" (hydrogen peroxide in sulphuric acid) contained

hydrogen tetroxide. The authors find this observation correct,

but the interpretation at fault. Tliey ascribe the decomposition

to the catalytic decomposition of Caro's acid, due to the presence

of manganous sulphate. Of the nature of the process which

occurs when hydrogen peroxide and permanganate react, the

authors bring facts in support of the view of Weltzien and M.

Traube,who consider that the permanganate oxidises the hydro-

gen of the peroxide, thereby liberating the oxygen of the latter,

and not that the free oxygen is made up of oxygen atoms derived

from both peroxide and permanganate.

The additions to the Zoological Society's Gardens during the

past week include a Patas Monkey ( Cercopithecus patas) firom

West Africa, presented by Mrs. Creighton Hall ; a Green

Monkey ( C<'rtY>///A^fM.f callilrkhus) from West Africa, presented

by Mr. Cecil T. Reaney ; a Bonnet Monkey {Macacus stnicus)

from India, presented by Mr. Anthony J. Smith ; a Macaque

Monkey {Afacacus cynotnol^ts) from India, presented by Mr.

G. H. Jalland ; two Muscat Gazelles {Gazella tnuscateusis) from

Arabia, an Indian Desert Fox (Cants leucopus) from India,

presented by Mr. P. Z. Cox ; a Bonnet Monkey {Macacus

sinicns) from India, a Sooty Mangabey {Cercocebtis fult-

ginosus) from West Africa, a Ruffled Lemur {Lemur varius),

a Black-headed Lemur {Lemur bninneus) from Madagascar,

a Short-tailed Wallaby {Macropus brachyurns), a Great

Kangaroo {Macropus giganteus), four Brown's Parrakeets

{Platycercus browni) from Australia, a Blue-necked Casso-

wary {Casuarius intensus), two One-Wattled Cassowaries

{Casuarius uniappendiculatus) from New Guinea, seventeen

Speckled Terrapins {Clemmys guttata), three Painted Ter-

rapins {Ckrysemys f'icta), ten .Mligator Terrapins {Chelydra

serpentina) I'rom North Amerl .a, an Elephantine Tortoise

{Testudo elephantina) from \\\z Aldabra Island, an Oldham's

Terrapin {Cycfemys dhor) from the Malay Peninsula, a Missel

1^x\x^i\v{Turlnsvisc^vorus), European, deposited.
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the authority of the Faith, so was that of Plato ; and, in the
second period of the Nliddle Ages, of the Arabian versions
of Aristotle and Galen. It is not easy for us to realise a time
when intellectual progress, which involves the successive
abandonment of provisional syntheses, was unconceived ; when
truths were regarded as absolute ; when reasons were not tested
but counted ; when even Averroists found final answers either in

Aristotle or in Galen. Thus in the irony of things was Harvey
withstood by the dogma of that Galen who, in his own day, had
earnestly appealed from dogma to nature.

In the Isagoge of Porphyry is set forth distinctly a problem,
which during the Middle Ages rent Western Europe asunder ; a
problem, says John of Salisbury, which engaged more of the
time and passions of men than for the house of Cresar to con-
quer and govern the world ; a problem, indeed, which in our
own day is not wholly resolved. This was the controversy of the
Realists and Nominalists, first brought to a clear issue by
William of Champeaux and Roscellinus respectively. Now Plato
held ideas not as mere abstractions but as creative forces ; and
we shall see how potent was this function in mediaeval thought.
Every particular, every thing, was regarded by the realist as the
product of universal matter and individual form. Now form
might be regarded, and variously was regarded, as a shaping,
determinative force or principle, pattern or mould, having a real

existence apart from stuff; or, on the other hand, as an abstract
principle or pattern having no existence but as a conception of
the mind of the observer. And for the Realist, not individuals
only, but genera and species also have their forms ; either pre-
existent {iiniversalia ante rem) or continuously evolved in the
several acts of creation {universalia in re). For instance,
the Church for the Realist is a thing apart from the wills of
successive generations of individual men ; Man has fallen, not
only in many or all individual cases, but also as a kind—a kind
having an independent existence ; in the Sacraments again
there may be a change of hypostasis without change in sensible
matter. Now, if forms pre-exist (ante rem), the will of God
must be predetermined; or if form be an immanent function
acting in re, we are landed in pantheism. Thus Erigena, the
brilliant prophet and protestant of the first period of the
scholastic philosophy, was virtually a pantheist, as Spinoza was
the last great realist. Aquinas, who determined the philosophy
now ruling in Rome, brought about a compromise, which covers
up rather than solves the difficulty. The problem, it is evi-
dent, was no hair-splitting ; it dealt with the very nature and
origin of being, and it agitated the minds of earnest men at a
time of fervid and widespread enthusiasm for knowledge.
Now closely allied to the argument concerning universals was

that concerning "matter and form." Whether the terms used
were "form and matter," "force, energy or pneuma and
matter," "soul, archceus or life and body," "determinative
essence and determinate subsistence," "male principle and
female element," "the potter and the -clay of the potter";
or whether again they were "effect and cause," "nature and
law," " being and becoming," the riddle lay in the contrast of
the 'static and dynamic aspects of things ; in the incessant forma-
tion of variable individuals in the eternal ocean of existence.
Even Francis Bacon never got out of the tangle of Form,
Cause and Law. It has been the temptation of philosophers
of all times, and even of Harvey himself, than whom none had
put better the conditions of scientific method, to suppose that
by means of abstraction kinds may be apprehended ; that thus
they may get nearer to the inmost core of things ; that by purg-
ing away the characters of individuals they may detect the
essence and the cause of individuation ; not perceiving that the
content of notions is indeed in inverse proportion to their
universality. We see this error continually to-day. For
instance, we may discuss the causes of typhoid fever, and
bewilder ourselves by forgetting that there is no such thing as
typhoid fever, and that the only causes of a general notion are
the psychological causes of its generation in the mind of the
thinker at the time ; that which is due to objective causes is

of course not the notion, but the particular case—a very different
affair.

Before motionless stuff—before the problem of the " primum
mobile," even Harvey himself, when he had come to the end of
his admirable experiments and began to indulge in contempla-
tion, stood helpless. In his need for a motor for his machine he
was not able to divest himself of the language nor even of the
philosophy of his day. In his day he could not help regarding
rest and motion as different things, and motion as a
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superadded quality. The motion he attributes, not to a
property of the heart, but of the blood—to its "innate
heat," which is as far as he could possibly have got.

But, by way of explanation, he adds that the innate heat
of the blood " is not fire, nor derived from fire " ; nor is

the blood occupied by a spirit, but is a spirit ; it is also "celes-
tial in nature, the soul, that which answers to the essence of the
stars ... is something analogous to heaven, the instrument of
heaven." In denying that a spirit descends and stows itself in

the blood or elsewhere, as an "extraneous inmate," he bravely
says : " I cannot discover this spirit with my senses, nor any
seat of it "

; and yet, in the treatise " De Generatione," he pro-
pounds a theory of the impregnation of the female, not by any
material from the male, but by the influence upon her of a
"general immaterial idea" ; which, even for his own time, was
very substantial realism. The riddle which oppressed the great

thinkers, from the Greeks to Lavoisier, was, then, the nature
of the " Bildungstrieb"—of the " impetum faciens." What
makes the ball to roll? Does heart move blood, or blood move
heart ? and, in either case, what bestows and perpetuates the
motion ? Telesius, the first of the brilliant band of natural

philosophers in Italy of the sixteenth and seventeenth centuries,

still sought this principle of nature in the " form " of the peri-

patetics. Gilbert regarded his magnetic force as "of the nature
of soul, surpassing the soul of man." Galileo, although willing

to conceive circular motion as perpetual, and even self-existent,

was unable thus to conceive rectilineal motion. All these

naturalists, including Harvey, and even Descartes, followed the

medioeval world and Aristotle in deriving the source of motion
directly from that of the spheres—from the quintessence (vid.

Arist. De Coelo ; and Met. xii.). Till Copernicus transfigured

the cosmos, and Galileo and Nevvton carried terrestrial physics
into the celestial worlds, the heavenly bodies were regarded as

animated beings, themselves active, and, by propa;ation from
sphere to sphere, animating all " sublunary " matter, wheels
within wheels, even to its innermost particles.

Of the origin of energy we have not solved the riddle ; we
have given it up ; but instead of finding its sources without

we find them within. Harvey's contemporary, Francis Bacon,
sagaciously guessed that heat is an expansive motion of par-

ticles ; but he regarded heat and cold as two contrary principles.

Almost in the same generation the brilliant John Mayow per-

ceived a substance in the air "allied to saltpetre," which passed
in and out of the blood by the way of the lungs or placenta. So
innate heat gave way to phlogiston, and soon afterwards oxygen
and the conservation of energy turned out to be the "form"
"spirit," "essence," "primum mobile," "causa efficiens,"

" potentiality," and the rest of them ; so by Lavoisier, a vast

pile of metaphysics was blown into the air. But to kill a strong

theory outright takes many a generation ; realism, shaken by
Abelard, and scotched by Hales and Ockham, not only survived

to mislead Harvey, but it stretches its withered hand over us

still—in the nursery, in the schoolroom, in the university, and
in the great arguments of life.^

As strong as realism was a third adversity—the pride of the

human mind. The asceticism derived from the East, disdainful

of carnal things, brought the dualism of matter and spirit into

monstrous eminence ; and in respect of medicine, in a few

generations it turned the cleanest people in the world into the

most filthy.- Almost to this day the mechanical arts, presum-

ably concerned with lower categories, have been regarded as

base ; and the crafts, even of the laboratory, as unworthy of

great souls.

Anatomy had to labour also against both ecclesiastical and
popular antipathy ; chemistry and mechanics were gross pur-

suits unless endowed with the perilous distinction of alchemy and
sorcery. Unfortunately, this charge upon the dignity of man
was made heavier rather than lighter by Petrarch and the

humanists of the Renascence ; and in Oxford of the seventeenth

century we find that Boyle was bantered by his friends as one

"given up to base and mechanical pursuits." In a certain

important respect medicine suffered greatly from this prejudice.

It is obvious that, speaking generally, medicine would find its

most positive and direct control in those diseases and in those

1 The readers of Nature know how effectively this mischievous

survival has been attacked recently by Prof. Perry, Mr. Heaviside and other

contributors. But evjn greater men, whose blows still resound through
the centuries, have attacked it in vain.

- Those curious in such things will notice that the mediaivalisin^ clergy

of our own day have discarded in their persons that fair linen which m their

fathers was the emblem and example of cleanliness.
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therapeutical experiments which are manifest on the outside of

the body. Yet surgery fell under the proscription of a handi-

craft, and as such was eliminated from the colleges of physicians

both in London and Paris. Thus the genuine work of such men
as Pare and Gale were without influence upon medicine, and

thus it came about that Francis Bacon said of the physicians of

Harvey's day that they saw things from afar off, as if from a

high tower. From Erasistratus to Celsus, physicians practised

medicine as one art. Galen taught, not the simplicity, but the

unity of medicine ; and Littre points out that this unity is con-

sistent in the Hippocratic writings. Surgery, by virtue of its

imperative methods, was kept clear of philosophy on the one
hand and of humanism on the other. Fortunately for Harvey,
his master, Fabricius, was as great a surgeon as anatomist ; and
such was Fallopius. Thus it was that medicine, at the end of

the Middle Ages, had not recovered the standard of Alexandria.

And against this adversity, also, had the founder of physiology

to contend.

Happily the Arabian scholastic philosophy took its root in

Alexandria when neo-platonism had veered towards Aristotle,

and it was therefore more uniformly peripatetic than the Christian

scholasticism. It is one of the signs of the greatness of

Aristotle that, thus garbled and glossed, his power made itself

felt in the thirteenth century, chiefly by the great Franciscans
Alexander Hales, Roger Bacon, and William Ockham—Roger
Bacon, whom we may call the first of the natural philosophers
of the West. This former renascence determined the second
period of the Middle Ages : the period distinguished by the
Arabian version of Aristotle, by a check to the chimseras of

realism, by some liberty of secular knowledge—for even bishops
came out of the school of Toledo—and again by the coming of

the Friars, whose influence upon the thought of the Middle
Ages was a curious proof that, as all ways are said to lead to

Rome, so all systems of thought, in spite of the thinkers, led to

natural science. The logic and rhetoric of the Dominicans,
by their rationalism, defined, and in defining restricted, the
dominion of the Faith. Men got used to reason, and made a
language for thought. And in the history of the unlearned
Friars Minors we find, as elsewhere in history, that mysticism is

more favourable to natural knowledge than the passionate dog-
matism of Clairvaux or the dogmatic rationalism of St. Thomas.
The Victorians, as Gerson after them, despised reason rather

than feared it ; mysticism makes for individual religion, as in

Glisson and Newton, rather than for the Church. Hence it

may have been that independent thinkers, like Hales and
Bacon and Ockham, entered the Franciscan Order. The
former renascence bred also a more tolerant spirit. Albert
of Cologne owed as much to Avicenna as St. Thomas
to Averroes : sages technically damnable, yet " mighty spirits,"

worthy of reverence. Dante put in hell, but on green
meadows, in an open place, lofty and luminous, not only
Aristotle, Plato and Socrates, but also Euclid, Ptolemy, Hip-
pocrates, Avicenna, Galen and "Averroes who made the great

commentary." Universities were founded in France, England
and Italy. But the natural science which made the second re-

nascence irresistible was absent from the former ; and at the

end of the century a reaction set in. During the two following
centuries in Spain freedom of thought was crushed out by the
Church ; but in the conflagration of books of philosophy, medical
works, such as the "Colliget" and the Commentary on Galen
of Averroes, were largely spared ; yet in the fourteenth and
fifteenth centuries the very name of Averroes, '

' the mad dog
that barked against the Christ," not only became ecclesiastically

accursed, but also began to signify loose life as well as free

thought ; a resentment of which there was no trace in Albert or

Aquinas.
Averroism, however, held its ground at Padua, which had

become celebrated for medicine as Bologna for law ; and
although Averroism, like any other philosophy taught as a
separate study, decayed, yet, effetevas it was, it kept the ground
open at a time when the tide was turning against free thought ;

when the commercial supremacy of Venice was declining, when
the Spanish Inquisition was established in Rome, and when even
the influence of the Florentine humanists was rather against
natural knowledge than for it. No doubt the coarse and dis-

ingenuous scepticism of the physicians of North Italy and their

pretentious manners alienated the humanists, not only from
themselves, but also from natural philosophers such as Tfelesius

and Galileo ; and Averroists and humanists alike stood by at the
burning of Bruno. Harvey entered Padua at a fortunate time

;
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he found Galileo engaged in teaching, and also in methodical
research ; and Galileo -was not only a great discoverer, but
was the first to formulate fully and clearly that method which
we know under the name of the inductive method. The dis-

covery of Greek texts had destroyed the conventional Aristotle
and the conventional Galen ; Gregory, by the reform of the
calendar, had put the axe to the root of astrology ; Newton was
soon to carry terrestrial physics into celestial spheres ; and
Boyle was soon to create chemistry ; while anatomy was fully

awake already. In England, moreover, with the accession of
Elizabeth more spacious times were assured, and Charles pro-
tected Harvey. Clinical teaching had been established at Padua
by Fracastorius and Montanus, to be pursued in Heidelberg,
Leyden and Vienna. Physiology, however, awaited Harvey.
Seryeius had buried his conception of the lesser circulation under
a pile of theology ; Columbo and Fabricius had prepared
the way, not so much by the value of their discoveries as
by their practice of the experimental method in this science ;

for the anatomists, Galenists to a man, had done next to nothing
for physiology.

The genius and courage required to make discoveries like that
of the circulation of the blood cannot be measured directly ;

there is no method of determining the specific gravity of such
adventures ; I have tried, however, to shadow forth the weight
of the social systems, opinions, prejudices and habits against
which Harvey's gigantic effort was made. Almost in the year
of the puljlication of the " De Motu Cordis" (a.d. 1628), the
Parliament of Paris issued an edict that no teacher shall promul-
gate anything contrary to the accepted doctrines of the ancients.

Under such conventions Harvey's discovery burst like an earth-
quake ; under corrupt Galenism, venerable sophistries, current
abstractions bequeathed by realism, and long-winded dialectics on
critical days, coctions, derivatives or revulsives, and dogmas
based on uncritical subservience to texts. His work stood out
even more ascendant against a lurid background of folk super-
stitions—of vampyres, witch-burning, magic, cabbalism, astro-

logy, alchemy, chiromancy and water -casting. In terrestrial and
celestial physics, Galileo, persecuted as he was, had some strong
current with him ; Copernicus was before him, Kepler was
beside him : but in physiology upon the path of Galen the
waters had closed as upon the track of a great ship, and among
Harvey's contemporaries and immediate forerunners there was
none to claim a share with him in the discovery of the central

fact of physiology, or in his application of the method which
opened the way to Pecquet, Glisson, Steno, Wharton, Willis,

Haller and Bernard.

THE ANNUAL CONGRESS OF THE GERMAN
ANTHROPOLOGICAL SOCIETY.

"T^HE thirty-first Congress of the German Anthropological
Society was held in the University town of Halle from

September 24-27. In addition to its rich University collec-

tions, a special interest is attached to Halle as being the seat

of the oldest German society for encouraging the study of

natural science, viz. the Leopoldina- Carolina Academy, which
is thus comparable to the Royal Society in this country. To
students of prehistoric archeology, the Prussian province of

Saxony is chiefly interesting from the fact of the existence

of copper-mines at Eisleben, some little distance from Halle.

The meetings were hefd under the presidency of Prof. Virchow,
assisted by Prof. Ranke. At the opening session on Monday,
September 24, the presidential address (dealing with the

general progress of anthropological study and teaching) was
followed by a series of addresses from representatives of the

University and town of Halle, of which that of the local secre-

tary. Dr. Fortsch, is particularly noteworthy as containing a
sketch of local prehistoric archaeology, a field of research in

which Dr. Fortsch has been particularly active, and which he has
popularised with evident success. Of the subsequent communi-
cations to the Congress, the majority of which dealt with archae-

ology, there appear to us most worthy of mention the discussion

opened by Prof. Virchow on the "Earliest appearance of the

Slavs in Germany," and the account (illustrated with excellent

lantern slides) given by Dr. Birkner (Munich) of the investiga-

tion of the graves of the German Emperors in Speyer. Prof.

V. Fritzsch (Halle) and Dr. Lehmann-Nitzsche (La Plata) ren-

dered interesting accounts of discoveries of prehistoric man in

Thiiringia and in the Argentine respectively, the latter record
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being still the subject of investigation as regards the exact

antiquity (Tertiary period) claimed for the find.

It is a matter of some surprise that the department of Physical

Anthropology should not have been the subject of more papers

than were actually presented at Halle, which University claims

the two Meckels and Welcker among its former professors of

anatomy. The chief contributions to this subject were those of

Dr. Schmidt-Monnard (Halle) on the relation between the

growth and the weight of children of both se.\es ; of Dr. Eisler

(Halle) on the Musculus sternalis \ and of Prof. Klaatsch

i Heidelberg) on the method of research adopted by anatomists,

illustrated specifically by observations on the "short head " of

the Biceps femoris muscle in the mammalian series.

The chief excursion of the Congress was made on Wednesday,
September 26, to Eisleben, where the copper-mines already

referred to were visited, and demonstrations of copper-smelting

were given by representatives of the Mansfeld Co. Subse-

quently the local collection of prehistoric pottery, &c., was
inspected.

The concluding session was held on September 27, when the

presidency (for the ensuing year) was assumed by Prof.

Waldeyer (Berlin). It is a matter of interest to note that the

Congress was made the occasion of circulating "special

inquiry" sheets regarding the structure and building of boats in

all parts of Germany. General proposals regarding cartography

and systematic records for provincial localities were brought

forward by Dr. Voss (Berlin).

In addition to the anthropologists already mentioned in the

foregoing notes, there were present Freiherr v. Andrian-

Werburg (Vienna), Prof. Hein (Vienna), Prof. Montelius

(Stockholm), Prof. Koganei (Tokio), and others to the number
of alxjut one hundred and twenty.

ANTHROPOLOGY AT THE BRITISH
ASSOCIATION.

nPHE Section of Anthropology had a very .successful session
-* under the presidency of Prof. Rhys ; indeed, it was one of

the very best meetings of Section H in the history of the Asso-

ciation. Nearly every department of the subject was represented

and that too by new and original contributions. It is interest -

ing to note the different lines which members of the Universities

of Oxford and Cambridge are at present taking up. The field

of Classical Archeology is offering rich prizes to Arthur Evans,
Hogarth, and Myres ; while the expeditions of Hose, Stanley
Gardiner, Haddon, Skeat, and others are providing material for

a more complete knowledge of primitive peoples.

I.

—

Physical and Experimental Anthropology.
(l) Somatology.

Dr. John Beddoe, in a short paper on the vagaries of the
cephalic index, described two long-headed skulls which had the

general characters of dolichocephaly, but the one that appeared
the more typical had a latitudinal index (living) of 82 3, owing
to retarded ossification of the posterior part of the temporo-
parietal suture ; but for this the author thought the index would
not have exceeded 77. Prof. Macalister, as at the last meeting
of the Association, deprecated the importance usually ascribed
to the cephalic index.

Prof. A. Francis Dixon read a paper, entitled "On certain

markings on the frontal part of the human cranium and their

significance." An examination of the frontal region of the
cranium shows that, in many cases, grooves or channels are
present on the bone, corresponding to the branches of the
supra-orbital nerves. Their presence indicates a want in pro-
portion between the growth in length of the nerves and the
amount of expansion of the underlying part of the cranium.
The nerves might be looked upon as constricting cords which
become depressed in the developing bone as the cranium expands.
In races in whom the grooves are common, and strongly marked,
we would expect the presence of a tendency towards increased
development and capacity of the frontal part of the cranium

;

while, on the other hand, in races in whom the grooves do not
occur, or are rare, and but feebly marked, we would expect to

find much uniformity in the .shape and size of the cranium, in-

dicating that none of its various parts are tending towards an
increased development. In this connection it is interesting to
note that the frontal grooves are almost never found in Australian
and Tasmanian skulls, that they are rare among Mehinesians,
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slightly more common among Polynesians, while among Bush-
men and negroes, especially in Zulus and Kaffirs, they are very

common, and often extraordinarily well marked.
Mr. W. L. H. Duckworth described nine crania collected by

Mr. J. Stanley Gardiner in his expedition to Rotuma. As
might have been expected from the position of the island, the

skulls could be resolved into two types, one of the form of

cranium usually found among Polynesian peoples, though
possessing something of a Mtingolian aspect ; the other was of

distinctly Melanesian affinities. The paper was well illustrated

with lantern slides.

A second paper by Mr. Duckworth was on some anthropo-

logical observations of the Pangan tribe of aborigines in the

Malay Peninsula made by Mr. J. Laidlaw in the Skeat Expe-
dition. Mr. Duckworth measured one adult male skeleton

the stature of which was about five feet, which is the average

height of I he men measured by Mr. Laidlaw. The latter

describes the people as having a skin colour of varying shades

of dark brown, and the black hair is in some cases frizzly and in

others more or less curly or wavy. Mr. Duckworth regarded

the skull as of a negroid type with infantile characteristics. It

is probable that the skeleton in question belonged to a half-breed

Negritto and Malayan individual.

The developmental changes in the human skeleton from the

point of view of anthropology were described by Dr. David
Waterson. A comparison was instituted between the bones of

the embryo and those of the lower races of mankind and of the

higher apes, both as regards their relative length and their cha-

racters. As it has been shown that the curvature of the spine in

the lumbar region is a post-natal development, and one adapted
to the assumption of the erect attitude by the infant, it can also

be shown that in a similar way che configuration of the bones of

the lower extremity alters after birth, before the infant can
stand erect.

Prof. A. Macalister discoursed on perforate humeri from
ancient Egyptian skeletons. In examining those from Libyan
graves, he was struck with the large number of humeri which had
a supra-articular perforation, the proportion of such among these

old Egyptian remains being much greater than among other

races. He found that these perforations reached 57 per cent,

among the ancient Egyptians, whereas among average Engli.sh

people they ranged about 3 per cent., and ID per cent, among
Neolithic skeletons, while the percentage rose to 53 in the

skeletons of Indians from Arizona.

A paper on the sacral index was read for Prof. D. J.
Cunningham. Inasmuch as the true length of the sacral por-

tion of the vertebral column is not indicated by the shortest

distance between the apex and base of the sacrum, but rather

by the length of the curve formed by the sacral vertebrae, it is

proposed that, in making measurements for the determination

of a sacral index, " length " should be measured by using a tape

along the concavity of the sacral curve, and not by calipers, one
limb of which is placed upon the base and the other on the

apex of the sacrum. Breadth (measured by calipers in the

ordinary manner) multiplied by 100 and divided by length,

measured in the manner indicated, gives the true sacral index.

The curvature of the sacrum may be conveniently plotted by
taking a tracing from a strip of soft metal which has been pre-

viously adapted by pressure to the front of the sacrum along its

middle line. The index of curvature may be expressed by ihe

number derived by multiplying the height of this plotted curve

by 100 and dividing by the number corresponding to the true

length of the sacrum.

Dr. Cunningham communicated a second paper on the micro-

cephalic brain, which also was read by Dr. Dixon, and illus-

trated with a large number of lantern slides. The brain of the

microcephalic idiot may exhibit features which do not merely
represent a " fixed" embryonic condition. In one specimen the

arrangement of the fissures and sulci is found to approach more
closely the ape than the human type, and in almost every furrow

some simian character can be detected. These simian characters

must not be considered mere fretal conditions rendered perma-
nent. The ape-like condition existing in this brain does not as

a whole correspond to that of any one ape, or group of apes, but

there is a complicated mixture of features some of which are

characteristic of high apes, while others find a parallel in the

brain of low apes. The microcephalic brain may be regarded

as a partial "atavism." So far as its .surface markings are con-

cerned, the specimen noted has reverted in part, or wholly, to an
arrangement which, in all probability, existed in some early

stem-formof man
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Dr. J. G. Garson read a paper, with lanlern illustrations, on

a system of classification of finger-print?.

(2) Psychology.

Prof. G. T- Stokes read a paper on the sense of effort and the

perception "of force, and Prof. Marcus Hartog contributed

another on interpolation in memory. In the discussion on the

latter paper, Prof. Lloyd Morgan contended that psychologists

had not so completely overlooked the practical perceptual judg-

ment as Prof. Hartog seemed to suppose.

Mr. E. W. Brabrook presented the final report of a com-
mittee which has been acting in conjunction with the Childhood

Society for the scientific study of the mental and physical

conditions of children.

II.—Ethnology.

(i) Sociology.

Mr. E. S. Hartland read a paper that attracted a good deal of

attention, on the imperfection of our knowledge of the black

races of the Transvaal and Orange River Colonies.

(2) Technology.

Dr. A. C. Haddon read a paper, illustrated by laptern slides

and specimens, on the textile patterns of the Sea-Dayaks. The
Sea-Dayak women weave short cotton rep petticoats and cotton

sleeping wraps which are covered with beautiful and often intri-

cate patterns. The patterns are made in the following manner :

the warp is stretched on a frame, the woman takes the first

fifteen to thirty strands and ties them tightly with strips of

leaves at irregular intervals, according to the design, which she

carries in her memory. The next fifteen to thirty strands are

similarly tied, and this process is repeated until all the threads

have been utilised. The warp is then removed from the frame

and dipped in a reddish dye, which colours the free portions of

the warp, but the tied-up portions remain undyed ; thus a light

pattern is left on a coloured background, when the lashing is un-

tied. If a three-colour design is required, as is usually the case,

the first lashing is retained, and various portions of the previ-

ously dyed warp are tied up ; the whole is immersed in a black

dye, and then both sets of lashing are untied. The pattern is

thus entirely produced in the warp. By far the greater number
of these designs are based upon animals, whereas most of the

patterns carved by the men on wooden and bamboo objects are

derived from plant motives. The decorative art of the Sea-

Dayaks of Sarawak differs in character from that of the Kayans,
Kenyahs, and other inland tribes.

A paper was read by Mr. W. Rosenhain on the making of a

Malay " Kris." This, it was explained, was a species of native

sv\ord, and the paper dealt with some specimens of Malay metal

work which had been submitted to the writer for microscopic

and other examination by Mr. W. W. Skeat. By means of

many lantern views Mr. Rosenhain exhibited samples of this

kind of weapon, showing especially the "damask" pattern of

the "Kris." Swords of this description were composed of

many strands of two kinds of metal. The body of the blade

was made of steel, a layer of laminated "damask" iron was
welded upon each side of the central layer. A thin layer of

steel was then welded on, outside the " damask " iron. The
author was of opinion that the striated "damask" effect was
due to the opening of the loose welds in the "'damask" iron

during the forging of the blade, steel being driven between the

laminte. The outside layer of steel was entirely ground away
during the process, and when the compound surface so produced
was "etched" by the pickling process employed, the more
readily corroded steel was attacked, leaving the edges of the

layers of iron as a series of narrow projecting ledges. .
The tools

of the Malay goldsmith were then carefully described, and
subsequently a description was given of the micro-structure and
composition of Malay bronzes. The concluding part of the

paper dealt with the Malay method of producing chains by
casting, a practical illustration of the method being given by Mr.
Rosenhain on the platform.

Prof. Macalister said that the older Universities of this

country were frequently reproached for not doing anything
practical. He felt, however, that Mr. Rosenhain had that

afternoon removed a great deal of that reproach by practically

demonstrating for them the process of casting metal chains
practised by the Malays.

Prof. H. Louis read a "Note" on the "Kingfisher" type
of a Malay " Kris," which was illustrated by specimens.

This was a type of "Kris" used only in a very limited
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area in the north-east of the. Malay Peninsula ; it was, how-
ever, rare even in its own home. The Malay legend of its

origin, he remarked, was that a party of Malays from the Bugis
Islands invaded that portion of the Peninsula many centuries
ago. One of their leaders was known as "the Kingfisher"—
presumably on account of his rapid movements. The invasion
was successful, but the leader fell in one of the last engage-
ments, and after his death his followers carved their Kris
handles into shapes resembling the Kingfisher's head and beak.
Under Chinese influence the pattern became more and more
ornate, being modified by the Chinese " Dragon," until it

reached the present fixed type.

Dr. Haddon gave an afternoon lantern demonstration on the
houses and family life in Sarawak. He exhibited a series of about
fifty lantern slides of photographs taken during his recent expedition
to Sarawak, selected to illustrate the type of houses common
among the settled inland tribes of Borneo and the everyday life

of the people.

Mr. W. Law Bros delivered an afternoon lantern lecture on
some Indian monuments, illustrated by numerous beautiful slides
taken by himself.

A paper, with lantern illustrations, on permanent artificial

skin marks was read by Mr. H. Ling Roth. Whatever might
have been the original idea, ultimately its objective became
manifold. Mr. Ling Roth described four .systems or methods
of tattooing. The Tahitian method of " tattaow " was per-
formed by pricking or tapping with pigment, and produced the
smooth result such as was seen in our soldiers and sailors.

The Maoris of New Zealand adopted this pricking method,
and also a cutting method performed with a sharp, adze-like
edge like a narrow chisel. This produced slight but permanent
grooves in the skin. The third method was that adopted in
West Africa, and was similar to the second, but the grooves
produced were deeper and wider, and generally no pigment was
used. Lastly, there were the curious raised marks of the Tas-
manians, Australians and Melanesians generally, and the Central
African tribes. In this case the cuts were made with sharp edged
stones, and were continually reopened or irritated by the inser-

tion of vegetable juices or sand. Hence was produced an abnor-
mal amount of reparative action, and the wounds did not heal
naturally as healthy concave scars, but developed into nodulous
growths of sometimes considerable size. For these four methods
Mr. Ling Roth suggested a nomenclature—namely, tatu, moko,
cicatrix and keloid.

Mr. Davis read a paper on the system of writing in ancient
Egypt for Mr. F. LI. Griffith, and whilst doing so illustrated

his remarks with very clever sketches on the blackboard.
Egyptology has now reached a position among the sciences from
which it may contribute trus-tworthy information for the benefit

of kindred researches. Egyptian writing consists of Ideographic
and Phonetic Elements, the signs serving as:— (i) Word-
signs

; (2) Phonograms ; (3) Determinatives. The highest

development .shown is an alphabet, which, however, is never
used independently of other signs : it is apparently not acro-

phonic in origin ; it represents consonants and semiconsonants
only, vocalisation not being recorded by Egyptian writing. No
advance can be detected in the system from the beginning of the

historic period to the end, notwithstanding some improvements
in practical working which facilitated the use of cursive writing.

Phonograms derived from> word-signs. The end of the native

system was brought about by the gradual adoption of the Greek
character—beginning, perhaps, in the second century A.D. If

any radical improvement was ever made in the Egyptian form
of writing, that improvement must have taken place at or after

adoption by another people : e.g. some have supposed that our

alphabet was derived by the Phoenicians from Egypt ; but any
such derivations are at present entirely hypothetical.

A paper was read by Mr. Arthur J. Evans on the new scripts

he has recently discovered in Crete ; an account of his researches

has already appeared in Nature (p. 526).

(3) Religion.

Some peculiar features of the animal-cults of the natives of

Sarawak, and their bearing on the problems of totemism, were
discussed in a paper by Dr. C. Hose and W. McDougall.

Customs had previously been observed that seemed to indicate

the existence of a well-developed totemism, either at the present

time or in recent times, among the natives of Sarawak. Informa-

tion bearing on this subject was therefore collected as diligently

as possible from various tribes.

A great number and variety of peculiar rites and customs were
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found to be observed by the people of the different tribe? in

their dealings with animals and plants. This paper was confined

to giving (l) a general account of the customs of one of the

inland tribes, the Kenyahs ; (2) to describing the " Nyarong,"
or soirit-helper of the Sea-Dayaks, and some similar institutions

among the other tribes ; and (3) to pointing out the bearing of

our observations on the totem problem.

The Kenyahs are a warlike, agricultural people living as iso-

lated communities of twenty to fifty or more families, each com-
munity inhabiting a single long house built on the river-bank.

Their religion is peculiar, in that they believe in a beneficent

Supreme Being and a group of departmental deities, while they

attriljute to every agent that affects their lives a spirit that must
be properly respected and, if necessary, propitiated. Most impor-

tant to them of all the animals is the common white-headed hawk.
He brings messages of warning and advice from the Supreme
Beingto those who know how to read the signs he give<, and he is

consulted before every undertaking of importance, and sacrifices

of fowls and pigs are made to him. A wooden image of the

hawk stands before every house. Several other birds give them
omens of lesser importance, and none of these may be killed or

eaten. The domestic fowl is killed as a sacrifice to the hawk
or other powers, and its blood is sprinkled on the altar-posts of

the gods and on the persons taking part in various ceremonies,

esprcially peace-making ceremonie.s. The domestic pig is

sacrificed in much the same way. The spirit of a pig is always
charged with some prayer lo be carried to the Supreme Being,

and the answer is read from the markings of its liver. The
crocodiles are regarded as a friendly and allied tribe, and may
be killed in retaliation only. No Kenyah will kill a dog, and
the dead body of a dog is regarded with fear. Kenyahs will

not eat the flesh of deer or horned cattle, and there are many
restrictions on touching or using any parts of them
Only old or renowned warriors will wear or touch the skin of a
tiger. One house is decorated with carvings of the gibbon on
every large beam, and all Kenyahs have a dread of the Miias
and the long-nosed monkey. There thus seems to be every
degree of regard paid to the different beasts, from the mere
uneasy feeling in the presence of the uncanny, long-nosed
monkey to the elaborate cult of the hawk, and the nature of the

respect paid to any species seems in nearly every case to be the

direct expression of the impression made on the barbarian's

minrl by the behaviour of the beasts.'

The Spirit- Helper.—Every Sea-Dayak hopes to be guided
and helped all through his life by a spirit which announces itself

to him in dreams and takes up its abode in some peculiar

natural object or in some animal. In the latter case the Dayak
will never kill or eat one of the same species of animal, and will

lay the same prohibition on all his descendants, so that a whole
family may come to pay especial regard to one species of animal
for many generations. A similar institution occurs, though less

commonly, among the other tribes. In such cases we seem to

be able to trace sometimes the actual origin and growth of a
totem ; but neither among the Sea-Dayaks, nor the inland tribes of

Sarawak, could the people be said to be in a totemistic stage of
culture, nor was there sufficient evidence ofan earlier totemistic

cult. Mr. Harlland complimented the author on his caution
and carefulness. He agreed with Dr. McDougall in regarding
these animal cults as affording little proof of totemism as a stage
in .social or religious custom.

Dr. E. B. Tylor read a paper, by Mr. W. G. Aston, on the
Japanese ^0/4if/ and the Ainu inao." The leading idea of the
paper was the illustration of the principle in religious develop-
ment by which an object which was in the first instance simply
an offering to a god has in the lapse of time been conceived as
the embodiment of the god, or even as a distinct and indepen-
dent deity. In ancient Japan the offerings to the gods were
hemp and bark fibre, with cloth made from these materials. In
later times there was substituted a small quantity of paper made
of the same bark material and attached to a wand in the form
known to us as the <;ohei. With the change of form the original
character of the gohei as offerings was forgotten. They were
looked upim as receptacles of the god, or embodiments of him,
and honour was paid to them accordingly. At festivals it was
supposed that the god descended into the gokei on a certain
formula being pronounced by the priest. Hypnotic practitioners
also used these objects, through which the deity who inspired
them was supposed to enter their bodies. In other cases the
devotees went further, and constituted the object which was
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originally an offering into a distinct and independent deity.

The Ainus of Yezo use in their worship whittled sticks called

indo, which have a general resemblance to an old form of the
gohei, and are doubtless a cheaper substitute. The inaoy like

the gohei, are primarily offerings, but in some cases they ulti-

mately gain direct worship as gods, having become, in short,

genuine fetishes. Another link between the inao and the
gohei is found in certain whittled sticks which a century ago
were in use in Northern Japan for striking women with, as at

the Roman Lnpercalia, in order to secure fertility. Similar
sticks, after consecration by the Shinto priests, were formerly
used at Kiota to kindle the household fire at the new year to

avert possible pestilence.

Mr. David Boyle, curator of the Toronto Museum, read a
paper on the paganism of the civilised Iroquois of Ontario.

Notwithstanding the contact of the Iroquois, or Six Nation
Indians, with white people for more than three hundred years, a
very considerable number of the former have retained many of
their old time beliefs with the appropriate ceremonies. Of four

thousand Caniengas (Mohawks), Senecas, Cayugas, Onondagas,
Oneidas and Tuscaroras now residing in the Grand River

j

Reserve, within sixty miles of Toronto, Ontario, fully one-fourth

continue to observe the ancient feasts or dances connected with
the growth and ingathering of corn and fruits, and for desired

changes in the weather, as well as for the curing of disease.

Some modification in the ceremonies was made abjut a century
ago by an Onondaga named Ska-ne-o-dy-o, who announced
himself as a prophet who had paid a visit to the abode ©f the
Great Spirit. The changes introduced by him, however, have
not by any means removed the pagan character of the native

beliefs, although he certainly did attempt to imitate some Christian

observances. Still the addresses of the medicine-men retain

most of the old-time forms, although their significance in many
cases is lost and even the meaning of numerous words is no
longer known. The leading idea of the present form of worship
is that of a great spirit ; hut this has been acquired from mis-

sionary sources, and although the Indians have adopted the idea

of a heaven, they do not believe in any hell. The quoted
examples of petitions addre.ssed to Rawen Niyoh, the Creator,

illustrated the lack of assimilation of the old and new forms.

One of the most characteristic ceremonies connected with the

Iroquois paganism is that of the .sacrifice or burning of the White
Dog at the new year feast during the February moon, when the

spirit of the dog, accompanied by offerings of tobacco, conveys
to Niyoh information respecting the condition of his " own
people " on the Grand River Reserve.

III.—Ethnography.

The Anthropology of West Yorkshire was the subject of a

communication by the venerable Dr. John Beddoe. He remarked
that the most .striking qualities of typical Englishmen had been

thought to be strongly developed in Yorkshire. Among these,

he feared, was the defect of imagination so often found in those

who called themselves, with some pride, practical men. Such
men entertained a positive dislike, and even contempt, for

knowledge of which they did not see the immediate use. This

character was not British, Celtic, or Welsh.

Dr. Beddoe's impression, acquired by simple inspection, is

that in the central parts of the West Riding, and notably at

Leeds, a prevailing type is characterised by an oblong, or rather

trapezoidal, head, inclining to be broad rather than narrow,

with a vertical forehead, smooth and not prominent brows, and

a straight profile, with a straight or sometimes concave nose.

The smooth brows dissociated this type from that of the Bronze

race and the squareness from the smoothly elliptic or oval one

of the Southern Saxon. He was inclined to call it Anglian.

Light hair was prevalent hereabouts, and also in the mountainous

regions to the north and south.

On the whole, he thought the eastern and central regions of

Yorkshire, judging by physique, less purely Teutonic than Tees-

dale or the Wapentake of Morley, though more so than Craven,

The author discussed the question whether any considerable

British or pre-Anglian element remained in the country around

Bradford. Without coming to any positive conclusion, he was
disposed to consider the inhabitants of these parts as mainly

Anglian in type. More British blood remained further north,

in Craven. A prevalent type about Leeds seemed to him to

resemble the Burgundian Belair type of His and Rutimeyer.

Mr. J. Gray read a paper on physical characteristics of the
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population of West Aberdeenshire from observations made

and statistics compiled by himself and Mr. J. F. Tocher. These

observations, he said, were made at a Louach gathering in

Strathdon, an isolated district lying right at the head of the Don
Valley, with the principal object of ascertaining if any difference

existed between the people in the upper ends of the river valleys

and those on the eastern seaboard. It was reasonable to con-

clude, from the anthropological statistics compiled, that in

Aberdeenshire at some distant date an early, tall, broad-headed,

dark-haired and blue- eyed people, descendants of men of the

Bronze age, who had perhaps come from South-east Europe,

had been driven inland to the upper ends of the valleys and hills

by later immigrants from North Germany who were shorter, had

narrower heads, and were of a blonde type.

Mr. J. L. Myres then read a communication from Mr. D.
Randall-Madver on the present state of our knowledge of the

modern population of Egypt, in which it was pointed out that

whereas we had from statues and paintings, and especially from

the skeletons found in recent excavations, a very fair idea of

the composition and changes in the ancient population of

Egypt, the interpretation of that evidence and of the problems
in Egyptian history which it might l)e expected to solve was
seriously hampered by the absence of corresponding evidence in

regard to the modern population.

The Committee f 'r the Ethnological Survey of Canada con-

tinue its most useful and necessary work, the report presented at

this meeting being of exceptional value. The work of the past

year has furnished conspicuous evidence of the great importance
of securing ethnological data with as little delay as possible.

While this is eminently true with respect to the white popula-

tion, which is experiencing new and marked changes almost

every year, in consequence of the introduction of foreign ele-

ments, often in large numbers, it is more particularly true with

respect to the native Indian population. In many localities the

original blood has become so diluted by intermarriage with

whites that it is often a matter of great difficulty to find an Indian

of pure blood. Proximity to settlements of white people has

resulted in a more or less profound impress upon the social life

and tribal customs, which are fast becoming obsolete and for-

gotten. The old chiefs who have served as the repertories of

traditional knowledge are rapidly passing away, and with their

death there disappears the last possibility of securing reliable

data of the greatest value. Conspicuous instances of this kind
have been brought to notice during the past year, especially in

the case of the British Columbia Indians, whose ethnology is of

the greatest interest and impoitance in consequence of their

possible connection with the people of Eastern Asia. At present

the great difficulty of securing competent and willing investi-

gators is one of tie most serious obstacles to be contended
with, and it is believed that the ollen considerable expense
involved in the prosecution of such work is largely accountable

for this condition of aftairs.

It is gratifying to note that the Department of Education for

Ontario has taken a very practical and active interest in ethno-

logical studies in that province, and that it provides for the

publication of the results of research in its annual reports.

Evidence has latterly been accumulating to indicate the presence

at one time of numerous aboriginal settlements in localities

which were very sparsely inhabited when first visited by the white

explorers.

The committee appointed to carry out investigations on the

natural history and ethnography of the Malay Peninsula pre-

sented their report, which had been drawn up by Mr. W. W.
Skeat, the leader of the expedition.

The expedition itself was composed of members of the

Universities of Oxford and Cambridge. The objects of the

expedition were to carry out a scientific survey, in which ethno-

logy, zoology, botany and geology should be included, of the

little known Malay provinces of Lower Siam. The report

stated that some very curious racial problems were found in the

district arising out of the fusion of two antagonistic race

elements. The most interesting problems were found in con-

nection with the very primitive jungle tribes of the interior,

concerning which much valuable information was obtained.

The inhabitants were found to be for the most part Malay, who
had become subject to Siamese influence. One little known
tribe—the sacred tribe of the Prams—claimed to have come
from India, and to have established themselves in the country
previous to the coming of the Malays. The expedition was

successful in obtaining a copy of llicir sacred book, from

which it is believed an account of the origin of the tribe

may be obtained. One small jungle tribe of Pangans was heard

of, but though a forced march was made to reach them, the wild

men had heard of the approach of the expedition, and had taken

flight. Their late dwelling-place, a cave under a projecting

rock, was photographed, as also were the very curious '' tree-

graves " used by the Siamese. This "tree-grave" burial, how-

ever, was now condemned by the Bankok authorities, and

would become extinct before long The most interesting of

Malay industries observed was the manufacture of damasked
"krisses." Near the head-waters of the Muda a tribe of from

twenty to thirty individuals was found living in a long barrack-

like shelter of palm leaves. From them and from a neighbour-

ing tribe valuable information as to their manners, customs and

language, as well as full measurements of a few individuals, and

some probably unique phonographic records of their songs, had

been obtained, which were of an extremely simple and primitive

character. It was found also that many of the leading Malay

industries were being rapidly modified by the introduction of

European methods and appliances, and it was now the rarest

and most difficult thing to obtain cloth actually made of home-

spun thread, the use of Singapore silk and aniline dyes being

already the fashion everywhere.

IV. -ARCHyEOLOGV.

NO. 1617, VOL. 62]

Mr. A. M. Bell then contributed a paper on the occurrence

of flint implements of pala3olithic type on an old land-surface in

Oxfordshire, near Wolvercote and Pear-tree Hill, together with

a few implements of various plateau types. He stated that a

large section of the quaternary river-gravel there produced the

usual fauna and many fine implements of human workmanship.

This gravel cut into and was therefore newer than a previous

land surface, a portion of which was found at Wolvercote and

another within half a mile at Pear-tree Hill. In both places

flint instruments of palaeolithic type, together with bulbed flakes

and a few implements of plateau-type had been found. In every

case these flints were vitreous, a point which distinguished them
from those belonging to the liver-gravels at Wolvercote. The
older surface has been previously described as Northern Drift.

Mr. Bell said he supposed it to be a remamement— i.e. a re-

handling or working over of the true Northern Drift, but de-

posited under semi-frozen conditions. It must be anterior to the

river- valley, and consequently its relics of man were the oldest

as yet obtained from the Thames valley. The drift in question

most resembles the drifts of Caddington described by Mr. G.

Worthington Smith and some sections on the Lower Greensand
near Limpsfield, both of which are implemeniiferous, and the

author would correlate the Wolvercote and Pear-tree Hill

surface with these drifts.

A paper by Mr. J. Paxton Moir on stone implements of

the natives of Tasmania, was read by Prof. E. B. Tylor. Ex-

amples of tools prepared with the help of grinding, and furnished

with handles, were very rare, and were evidently of Australian

origin. The Tasmanian implements were variously used—as, for

example, by the women to cut notches in the bark of trees as an

assistance in climbing ; in the making of the Tasmanian spear,

by scraping it straight and smooth ; in grooving the handle of

the Tasmanian club ; and in sawing bones.

Prof Tylor then proceeded further to add his own views on

the Stone age in Tasmania as related to the history of civilisa-

tion. Inasmuch as the stage of civilisation attained by any

people was of necessity closely associated with the nature of the

implements in their possession, we might fairly assume that the

development and habits of Europeans of the earliest authentic

Stone age were essentially similar to those of the Tasmanians.

What then, could we infer as to the earliest human races—the

earliest, that is, after we had crossed the great gulf of the un-

known which, on the evolutionary hypothesis, existed between

the animal and the man? We found, taking the Tasmanians as

representative of the earliest grade of society, that these people

had no bows and arrows or throwing stones, but they had

spears and clubs. They had houses and boats, but of the rudest

imaginable type. They knew of fire, and could make it by the fire

slick. With their stone implements they prepared and utilised the

skins of animals. They made basket-woik—in fact, the basket-

weaving art had not substantially advanced from the earliest

ages of which we had any knowledge until the present. They
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had a mythology, with a Greek-like legend, as to the origin of

fire ; and lastly, they had religious ideas, lower and ruder than

those of the North American Indians, but on substantially the

same lines. This circumstance—that the Tasmanian natives re-

present the most ancient known beginnings of human civilisa-

tion, while at the same time they were so recently a real, living

and known people—rendered all knowledge which could be

acquired concerning them a contribution of priceless value to the

history of mankind.
Mr. H. Ling Roth said that some eighteen months ago he

had received from a Yorkshire gentleman, Mr. J. Backhouse
Walker, an account given by an old Australian settler, who in

his youth had come across a group of black fellows whilst they

were actually engaged in making these stones. The first pro-

cess was simply to split them by hurling them violently on the

rocky ground, and some stones were at once used in this rough
shape for cutting up kangaroo meat, whilst other stones were
prepared by chipping. At one period, doubtless the Tasmanians
covered the whole of Australia ; and they were subsequently
almost swept away—only scattered representatives being left in

small areas—by another race.

Dr. A. C. Haddon made a communication on relics of the

Stone age of Borneo (illustrated by lantern slides and specimens)
Dr. C. Hose, the Resident of the Baram District of Sarawak,
obtained numerous examples of stone implements from various

interior tribes in his district ; these he has generously pre-

sented to the University of Cambridge. The implements are

made of various rocks, including fibrolite, impure sandstone,

arkose, silicified limestone, shale, andesite and chalcedony.
The form, too, varies greatly ; some are obviously axe heads,

others adze blades, while certain cylindrical forms, with a more
or less cup-shaped cutting end, were probably used to extract

the pith from the sago palm. In the collection are several

stones of irregular form ; the former use of some of them is

problematical, but they have recently been used as touchstones.
The natives have a high regard for these stone implements,
which have in their eyes a sacred character, and it is very
difiicult to persuade their owners to part with them. In all

cases fowls had to be sacrificed to appease the spirits. The
implements are stored with other sacred objects, and most of
them are believed to be teeth, or toenails, of Biling Go, the
Thunder God.

Mr. Butler Wood read a paper, with a map illustration, on
the Prehistoric Antiquities of Rumbald's Moor, between Brad-
ford and Ilkley. The stone implements found there, he said,

consisted of axe-heads, arrow-heads, awls, spear-heads, knives
and scrapers. Several fine specimens were exhibited. Baskets
full of flint chippings scattered about in a very limited area
seemed to prove that it was a place of fabrication of flint instru-

ments, for flint in situ was not found within fifty miles. About
half a dozen bronze axe-heads had been found at lower eleva-

tions. So far as evidences of interment went, the barrows were
unsatisfactory. There was a double stone circle within four
miles of Bradford Town-hall containing in the centre a boulder
with a cup and ring mark on it. He hoped the Corporation of
Bradford would not permit it to continue neglected, but would
preserve it as a valuable specimen of antiquity. Mr. Wood also
briefly mentioned the earthworks and the so-called pit dwellings
which seemed to have been attempted excavations for iron.

Springs of water were always found near these excavations.
Dr. Haddon emphasised Mr. Wood's observation as to the

necessity for the preservation of local antiquities. It was the
duty of the section to bring to the notice of local authorities the
fact of the existence of valuable archaeological remains in the
district, and he hoped the Press would help him to insist upon
the fact that it was the duty of all the local authorities to preserve
their antiquities as well and as long as possible. It had been
observed by Mr. Wood that if steps were not taken the double
stone circle would soon be worn away and disappear owing to
pedestrians walking recklessly over and about it ; and he hoped
that as a result of this paper and of the feeling expressed by the
section, the proper authorities would take such steps as would
effectually preserve this ancient stone structure. lie also thought
it a pity that the three Saxon crosses at Ilkley were not placed
inside the parish church, and the cup and ring markings on
boulders preserved at Ilkley would be better protected if a light
shed was erected over them.
An excellent paper by Mrs. Armitage on some Yorkshire

earthworks describes a particular kind of earthwork, very
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common in Yorkshire and in other parts of England, consisting

of a moated hillock with a banked and moated court attached.

This type of fort has been attributed in turn to the Britons,

Romans, Saxons and Danes, with equal improbability. The
theory most general at present is that it is Saxon. But Saxon
strongholds were built to shelter all the people of the neighbour-

hood, and were therefore of large area, while these earthworks
are evidently intended to protect some individual chieftain and
his personal following, as is shown by their small area. There
is positive evidence that the Normans built earthworks of this

kind in the eleventh century as the bases of wooden castles, and
these moated hillocks are still very numerous in Normandy.
They are called mottes in Norman-French, and this word is

found in various parts of England in the form mote. An inquiry

into the castles known to have been built by the Normans when
they first came to England shows that almost all these castles

had mottes, while the burhs or boroughs built by the Saxons
never have these appendages, unless a Norman castle-builder has

been at work there. The recognition of the Norman origin of

these castles would help to solve an historical puzzle—how the

Normans were able to hold England down. It was by a system

of small fortified posts scattered all over the country that the

action of the central machinery was carried into the remotest

parts of the kingdom.
Mr. D. G. Hogarth read a paper on the caveof Psychro in Crete,

which was copiously illustrated by excellent lantern slides. It

has been known for some years that a large cave above the

village of Psychro, in the Lasithi district of Crete, was a reposi-

tory of primitive votive objects in bronze, terra-cotta, &c. As
this cave is situated in the eastern flank of the mountain which
dominates the site of ancient Lyttos, and is the only important
cave known in the neighbourhood, it was conjectured that it

was the Lyttian grotto connected with the story of the infancy of

Zeus in the legend, whose earliest version is preserved by Hesiod.

A thorough exploration of it has served fully to confirm this

view. The cave is double. A rude altar was discovered in the

middle of the upper grotto, surrounded by many strata of ashes,

pottery and other refuse, among which many votive objects in

bronze, terra-cotta, iron and bone were found, together with

fragments of some thirty libation tables in stone, and an immense
number of earthenware cups used for depositing offerings. The
lowest part of the Upper Grotto was found to be enclosed by a

wall partly of rude Cyclopean character, and partly rock-cut
;

and within this Temenos the untouched strata of deposit ranged
from the early Mycenaean age up to the Geometric period of the-

ninth century B.C. or thereabout. Only very slight traces were
found of later offerings. The earliest votive stratum belongs to.

the latest period of the pre-Mycenaean age, that marked by the
transition between the "Kamaraes" fabric of pottery and the-

earliest Mycenrean lustre-painted ware. But below all is a thick

bed of yellow clay, containing3scraps of primitive hand-burnished
black and brown pottery, mixed with bones of animals. This
bed seems to be water-laid, and to be prior to the use of the cave

as a sanctuary.

The southern or Lower Grotto falls steeply for some 2CX3 feet

to a subterranean pool, out of which rises a forest ot stal-

actite pillars. Traces of a rock-cut stairway remain. In the
chinks in the lowest stalactite pillars, a great many of which
were found still to contain toy double axes, knife-blades,

needles, and other objects in bronze, placed there by dedicators,

as in niches. The knife-blades and simulacra of weapons are prob-

ably the offerings of men ; the needles and depilatory tweezers

of women. The frequent occurrence of the double axe, not

only in bronze, but moulded or painted on pottery, found in

the cave, leaves no doubt that its patron god was the " Carian
"

Zeus of Labranda, or the Labyrinth, with whom perhaps his.

mother, the Nature goddess, was associated, and the statuettes

probably represent the two deities. Here was the primitive

scene of their legend, afterwards transferred in classical times ta

a cave on Mount Ida.

Mr. Arthur J. Evans remarked that the cave was one of
the most ancient shrines of the classical world bound up with

the earliest cult of Zeus. Mr, J. L. Myres suggested that

the eras of Cretan civilisation covered by the objects found
in the cave might go back, at furthest, to the twelfth Egyptian
dynasty, and extend down to the eighteenth dynasty.

A report of the committee appointed to co-operate with the

Silchester Excavation Fund Committee was read by Mr. E. W,
Brabrook.
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UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Cambridge.—Dr. J. Larmor, F.R.S., has been appointed a

member of the General Board of studies. Mr. F. C. Kempson
and Dr. G. F. Rogers have been appointed demonstrators of

anatomy ; Mr. C. T. R. Wilson and Mr. J. S. E. Townsend

have been appointed demonstrators of physics.

The Gedge Prize for physiology has been awarded to Mr. J.

Barcroft, King's, and Mr. H. H. Dale, Trinity.

The Biennial election to the Council of the Senate will take

place on November 7. Dr. Hill, Mr. Austen Leigh, Sir

Richard Jebb, Dr. Kirkpatrick, Dr. Langley, F.R.S., Mr.

MoUison, Mr. Shipley, and Dr. Keynes are the retiring members.

In the absence of any acute issue it is not unlikely that most of

these may be re-elected.

A syndicate is about to be appointed to consider what steps,

if any, should be taken towards the better organisation of

instruction in military subjects within the University. The
question has been brought up by a memorial signed by a large

number of influential residents in Cambridge, who desire the

establishment of a closer connection between the University and

the Army.
The High Court has issued an order varying the conditions of

the Gedge Bequest for the encouragement of physiological

research, whereby advanced students are admitted to the com-

petition, provided they are of not less than three or more than

five years' standing.

The examiners in sanitary science announce that sixteen

candidates have, at the recent examination, become qualified for

the University Diploma in Public Health.

On October 22, the number of freshmen who matriculated

was 841, including fifteen advanced students. Last year the

number was 883.

Prof. Darwin, F.R.S., has been elected a member of the

Financial Board, Dr. Larmor a member of the Observatory

Syndicate, Mr. Berry an examiner for the Mathematical Tripos

Part L, and Prof. Lamb, Mr. Richmond, Mr. Baker and Mr.

Macdonald examiners for Part IL

A VALUABLE address on "Famine in India" was given by

Prof. Robert Wallace at Edinburgh University on October 18,

to inaugurate the course of lectures on Colonial and Indian agri-

culture, specially endowed by Mr. Robert and Mr. John Garton,

of Newton-le-Willows, Lancashire, and permanently attached

to the chair of agriculture and rural economy in the University.

The course is to be a part of the regular work to be done during

the winter session of five months, and is to be delivered free to

present and past students of the department of agriculture. As
Prof. Wallace will be largely concerned with agricultural condi-

tions in India and the Colonies, and their possible development,

the subject of his inaugural lecture at what may be the closing

epoch of the most prolonged, if not the most disastrous, of

famines to which the Indian peoples have been periodically sub-

jected was an appropriate one. " One of jthe greatest problems

of the future," he remarks, " will be the supply of food for the

rapidly-increasing, teeming millions of population. The hap-

hazard method of production by which the accumulated resources

of temporary fertility have been drawn upon as successive new
unpopulated areas of virgin soil have been placed under requisi-

tion must sooner or later cease, and more scientific methods of

cultivation and better systems of management must extract more
bountiful results from new and improved breeds of plants and of

domesticated animals. The expected era implies a more accu-

rate knowledge of agricultural details, and a wider and more
Imperial conception of the greater kindred questions than the

present time affords."

The museum which was opened by the Countess of Warwick
at Stratford on October 18 will, we trust, lead to the establish-

ment of many similar local museums. Prof. R. Meldola is

largely responsible for the erection of the museum, for he

advocated the formation of a collection of objects, and a per-

manent home for it, in his inaugural address to the Essex Field

Club twenty years ago. The suggestion was taken up by the more
energetic members of the Club, and specimens of scientific

interest gradually accumulated, but it was felt that a museum
building was essential to make the collections of wide value.

By the munificence of Mr. Passmore Edwards, and the

enlightened policy of the Town Council of West Ham, a

building, which has cost about ;i^4000, has been erected
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adjoining, and communicating with, the Municipal Technical

Institute. This is the building which was opened by the

Countess of Warwick last week. The Corporation has agreed

to warm, light and provide for the care-taking of the building,

and to make a grant of not less than ^100 per annum towards

the curatorial expenses. The county collections, cases and

cabinets of the Essex Field Club (excepting the Epping
Forest collections, which are to be retained in the Forest

Museum at Chingford) are placed in the museum. The
Club undertakes the selection and scientific control of the

collections, and will devote a sum of ;,^50 per annum towards

the curatorial expenses. From a pamphlet by Mr. William Cole,

the honorary secretary and curator to the Club, we learn that the

plan and scope of the museum has been clearly defined, and will

be rigidly adhered to in order to avoid the error of gathering

together a miscellaneous collection^ of incongruous specimens.

The museum will be a local (Essex) one, supplemented by short

series having an educational value, and designed to show the

place of the local forms in the general scheme of classification

of animal and vegetable organisms. The promoters aim at its

eventually fulfilling three main purposes: (i) The instructive

recreation of the ordinary visitor by means of carefully arranged

sets of the chief forms of life inhabiting the district, and
examples showing the nature and meaning of fossils and geological

formations. (2) Collecting and preserving authentic series of

all forms of life, recent and extinct, occurring in Essex, as well as

geological and anthropological specimens. This is a matter of

really great scientific importance in view of the changes in our

fauna and flora now so rapidly being brought about by the

increase of population and the consequent effacement of natural

conditions in many parts of the county. (3) Assisting students

and field-naturalists in identifying and studying the groups in

which they are interested. It would facilitate the advancement

of education and natural knowledge if a museum of this kind

were connected with every Municipal Technical Institute.

The parliamentary vote for the University of London for the

year 1900-1901 was ;^i8,840 gross, but it only amounted to a

net payment of ;^io, the difference being received from fees

paid by candidates presenting themselves for examination by

the University. Viewed as a strictly business concern, therefore,

the University is practically self-supporting. Many people both

at home and abroad will be astonished at the trivial amount
actually paid by the Government in aid of its greatest University.

SCIENTIFIC SERIALS.
American Journal of Science., October.—Notes on the

Colorado Canyon District, by W. M. Davis. The Kaibab
section of the canyon discloses the nearly even floor on wliich

the horizontal Palaeozoic strata rest. The floor is of complex
structure. The fundamental schists with granitic dikes are

overlaid in the eastern section by the heavy Unkar and Chuar
series dipping eastward. The wedge in which the tilted forma-

tions terminate westward is a most remarkable geological

structure, alike for its distinctness and for its significance.—

Determination of minerals in thin rock sections by their maximum
birefringence, by L. V. Pirsson and H. H. Robinson. The
method described is an adaptation of Michel-Levy's colour

diagram. The thickness of the rock section having been deter-

mined, the highest colour given in any of the numerous sections

of the unknown mineral is observed, and by means of the

diagonals the numerical value is noted which corresponds to the

given colour in a section of the determined thickness. The
maximum birefringence having thus been determined, the table

of birefringences is referred to and theanineral usually found to

be one of a group of several, among which it is easily distin-

guished by cleavage, colour and other optical properties. The
authors add a table of birefractive powers, ranging from o"287

(rulile) to 0001 (chlorite).—Experiments on high electrical

resistance, by O. N. Rood. An electric current travelling along

a bad conductor has many analogies to a stream of pitch. It

attains the end of the channel after a considerable interval, and
if the resistance is very high, the potential at the end remains at

zero. The author describes a number of experiments carried

out with glass, silk, mica, jade, guttapercha, ebonite, amber and
rosin. When glass, silk and mica were connected with one

coating of a charged Leyden jar, it was found that within

fifteen minutes the part farthest from the jar had assumed its

potential. This was not the case with the other substances.
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Ebonite showed a slight change of the opposite sign at the

fu reheat end, probably due to prolonged inductive action.—New
occurrences of corundum in North Carolina, by J. H. Pratt.

The niw occurrences are in an amphibole schist and a quartz
schist respectively.—Products of the explosion of acetylene,

and of mixtures of acetylene and nitrogen, by W. G. Mixter.
Acetylene and ammonia yield hydrocyanic acid at a much lower
temp2rature than is required to cause nitrogen to combine. It

may be that ammonia is the first compound of nitrogen formed
in the bomb, but the fact that a little ammonia is found among
the products is not conclusive, as that may have resulted from
the decomposition of hydrocyanic acid.

Annalen der Physik, No. 9.—Electric conductivity of pressed
powders, by F. Streintz. Fine powders of platinum black, lamp-
black and graphite were prepared and subjected to great pres-
sure. The resistance of I cubic mm. of platinum black was found
to be 0-92 ohm 3 at zero, as againstOT4 for ordinary platinum. The
increase of resistance on heating was only half that of platinum.
Lampblack showed a corresponding resistance of 40,000 ohms,
and a very high negative temperature coefficient, therein resem-
bling the electrolytes ; while graphite, with its positive temperature
coefficient, ranges itself among the metals.—Resistivity of
bismuth in a variable magnetic field, by H. Eichhorn. Bismuth
does not instantaneously lose the high resistance it acquires in

a strong magnetic field. This is proved by mounting a bismuth
coil on a rotating disc so that it traverses a magnetic field once
during each revolution, and measuring, by means of contact
pieces, the instantaneous resistance at various points of the orbit
when at rest and in motion respectively.—Ratio of the thermal
and electric conductivities, by E. Griineisen. A very small pro-
portion ofarsenic added to copper suffices to reduce the thermal
conductivity to one-tenth, and the electric conductivity to one-
twelfth of its original value. In iron, the electric conductivity
is much more sensitive to impurities than the thermal con-
ductivity.—Reflection of kathode rays, by H. Starke.
Kathode rays were made to impinge upon a metallic plate
enclosed in a cylinder of the same metal, through a small opening
in the end of which the rays entered. Another inner cylinder
was used to measure the rays reflected by the plate and diffused
by the gas, on the principle of Faraday's ice-pail. By putting
the plate into two different positions, the diffusion and reflection
could be separately estimated. The reflective power of alu-
minium was found to be 28-2, and that of copper 45*5.—Me-
chanical effect of kathode rays, by H. Starke. The author em-
ploys a kathode shaped like a propeller, but fixed. The rays
impinge at an angle of 45° upon a thin plate of aluminium sus-
pended above the kathode by means of a thin platinum wire.
The results are negative so far.—Hardness of metals, by F.
Auerbach. The author determines the hardness of metals by
his method of finding the greatest pressure between a plate and a
lens which the substance will stand without permanent de-
formation. Mild steel was found to have a hardness of 361, or
that of quartz, hard copper 143 (like apatite), brass 107 (like
fluorspar), gold 97, silver 91, aluminium 52, and lead 10.

—

Thernial conductivity of gases, by P. A. Eckerlein. The con-
ductivities of air, hydrogen and carbonic acid are as i : 6 8 : 073,
and the temperature coefficients are 0"00362, 0*00422 and 0'00352
respectivv ly.

SOCIETIES AND ACADEMIES.
London.

Entomological Society, October 3.—Mr. G. H. Verrall,
president, in the chair.—Mr. G. C. Champion exhibited speci-
mens of Trogoph'oeus anglicanus. Sharp, from Plymouth

;

Pachyta sexmaculata, L., from Nethy Bridge, and Anchommus
quadripunctatus, De Geer, from Woking. Mr. M. Jacoby
exhibited an ichneumon from Blandford parasitic on Sirex
Rhyssa persuasoria, and Col. Yerbury said that he had met with
the same species in some numbers in Scotland. One female
observed in the act of oviposition had thrust her ovipositor,
which is about the consistency of a human hair, through an inch
of fir trunk. Col. Yerbury exhibited :—(i) a rare sawfly,
Xyphidria cameltu, taken in Scotland this year at Nethy Bridge.
The species is mentioned in the old books as extinct in the
United Kingdom, and there are no modern specimens in the
South Kensington Museum collection. (2) Rare diptera from
Scotland including (a) Laphria Jlava, from Nethy Bridge

; (b)
C'l-intaesyrphus scaevoides, new to the fauna of Great Britain,
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from the Mound Sutherland, where it was common on Um-
belliferse under fir trees, one female also being taken on the path
up Cairngorm near Glenmore Lodge ; (c) Microdon devius ; and
(d) Chilosia chrysocoma at mountain-ash blossom, Nethy
Bridge ; (e) Stomphastica Jlava, two males from Golspie,

September, 1900.—Mr. H. K. Donisthorpe exhibited (i) a
specimem of Drusilla canaliculata, with the dead body of a
Myrmica in its mouth, captured at Chiddingfold on July 17 ; (2)

Specimens of Myrmedonia collaris and its larva taken in

Wicken Fen with M. loevinodis in August, 1900.—The Rev. F.

D. Morice exhibited a remarkable hermaphrodite of the bee
Podalirius (=AnthopJioia) re/usus, in which the male characters

vvere confined to the left side of the head and genitalia, the right

side of the thorax and the abdominal segments. The antenna:
and hind (pollinigerous) legs were those of a female, and the
genitalia half of each sex.—Dr. Chapman exhibited beetles of
the genus Orina, some of them alive, and remarked on the fact

that while some were viviparous others were oviparous, in the
case of the former the larvoe being developed in the ovaries. —
Mr. H. J. Elwes exhibited a collection of lepidoptera from
Greece, taken this season in conjunction with Miss Fountaine in

the Morea, and in the Parnassus region, including Colias hel-

dreichi, G. rhamui, var. farinosa. and Lycaena ottoinanus, with
a var. of Z. semiargus, probably a distinct species.—Mr. H. H.
May exhibited a variety of Strenia clathrata not unlike Syricthtis

alveolus on the wing.—Mr. F. Enock exhibited a male bee
Sielis atertima, one of the bees parasitic in the nests of Osviia

fulviventris, usually considered a rare insect.—Papers were
communicated on "Descriptions of new species and a new
genus of South American Eumolpidte with remarks on some of
the genera," by Mr. M. Jacoby, and on " Lepidoptera Hetero-
cera from Northern China, Japan and Corea" (Part iv.), by Mr.

J. H. Leech, &c.

Paris.

Academy of Sciences, October 15.— M. Maurice Levy in

the chair.— Preparation and properties of the carbides of neo-
didymium and praseodidymium, by M. Henri Moissan. The
oxides of neo- and praseodidymium heated with carbon in the
electric furnace give crystallised carbides of the formula RC.2,
like the carbides of cerium and lanthanum. These carbides are
decomposed by cold water, giving a mixture of acetylene, ethy-
lene and paraffins, the first-named predominating. At 1200°
the carbides are superficially attacked by ammonia, some nitride
being formed.—Observations of the planet Eros made with the
large equatorial of the Observatory of Bordeaux, by MM. G.
Rayet and A. Feraud. The planet is of about the ninth mag-
nitude, and leaves a clear trace upon the photographic plate.

—

On the general equation which gives the integral of Jacobi as a
particular case, by M. Gruey.—Observations of the Borrelly-
Brooks Comet, made with the Brunner equatorial at the
Observatory of Lyons, by M. J. Guillaume.—The problem of
stationary temperatures, by M. W. Stekloff.—On the explosive
mixtures formed by air and by hydrocarbon vapours of the
principal organic series, by M. J. Meunier.- On the elimination
of the harmonics from alternating currents by the use of con-
densers, and on the interest of this elimination from the point of

view of security of human life, by M. Georges Claude.—On the
accessory reactions of electrolysis, by M. A. Brochet. In the
electrolysis of sodium hypochlorite, the loss of hypochlorite in

four hours is much greater than that calculated from the current
used ; and in the preparation of chlorate yields greater than
those calculated are obtained. The author traces these anoma-
lous results to the fact that the immediate neighbourhood of
the anode is always acid, and hence the hypochlorous acid
in that region is transformed spontaneously into chlorate
without using electrical energy, even when the bulk of the liquid

is alkaline.—On isopyrotritaric acid, a new pyrogenous product
from tartaric acid, by M. L. J. Simon. The ferric salt of this

acid, the isolation of which was described in an earlier note, is

highly characteristic, possessing a deep violet colour in solution.

Pyrotritaric acid and similarly constituted furfurane acids do not
give this reaction, which is so sensitive that it may be used for

the detection of ferric salts and also as an indicator in acidimetry.
—On the morphology of the respiratory apparatus of the larva of
Brtichtis ornalus, by M. L. G. Seurat. The larva of Bruchits
ornatus presents some peculiarities in the morphology of its

respiratory apparatus which clearly distinguishes it from the
Curculionidrc, the most important being the rounded form of the
stigmata, the existence of a prothoracic ring completely uniting
the lateral trunks, and of ten transversal latero-ventral anasto-
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moses, of which three are thoracic.—The proteolytic ferment of

seeds during germination, by M. V. Harlay. The proteolytic

ferment in lentils during germination is analogous in its behaviour

to the animal ferment trypsine.—On early tuberculisation in

plants, by M. Noel Bernard.—On the Cretacian of the massif

of Abou-Roach (Egypt), by M. R. Fourtau.—Fixation by porous

bodies of clay in suspension in water, by M. J. Thoulet.

New South Wales.
Linnean Society, June 27.—The President, the Hon.

lames Norton, in the chair.—Notes on some Australian and

New Zealand parasitic Hymenoptera, with descriptions of new
genera and species, by William H. Ashmead. Sixty-four

species were represented in two collections brought together by

Mr. W. W. Froggatt and Mr. A. Koebele, formerly of the U.S.

Department of Agriculture. Of these forty-nine are described

as new.—On the Carenides (Fam. Carabidae), Part iii., by
Thomas G. Sloane. Nine species referable to the genera

Laccoptenim, Caremim, Etttoma and Carenidium are described

as new, from Queensland, North-west, West and Central

Australia. A synoptic table of the groups of species into which
the genus Carenum may be subdivided is given, with notes

thereon.—Descriptions of two new species of Diptera from

Western Australia, by D. W. Coquillett. A species of Phyto-

myza, the larva; of which mine the leaves of the beet, and one

of Myiophasia, parasitic upon the Scarabeid Anoplostetlnis

opalinus, Burm., are described. The second of these, founded

upon male-specimens, may indeed be congeneric with Neophasia

picta, Brauer and Bergenst., founded on a female specimen with-

out antennae from West Australia.—Descriptions of two new
blind weevils from Western Australia and Tasmania, by Arthur

M. Lea. Only two species of blind Coleoptera have hitherto

,been recorded from Australia, namely, Halorhynchtcs caecus,

Woll., from West Australia, and Illaphanus stephensi, Mac!.,

from New South Wales, both dwelling close to sea-beaches. An
additional species of Halorhynchus from the "outer beach " at

Geraldton, Western Australia, is described in the present paper,

together with an insect for which a new genus is proposed, and
of which the type-specimen was found in the nest of a small red

ant near Hobart.—The double staining of spores and bacilli, by

R. Greig Smith. An improvement upon Klein's method of

double staining spores and bacilli is described. The spore-bearing

material is distributed in normal saline in a small test-tube, an
equal volume of carbol-fuchsin is added and the mixiure placed

in boiling water for fifteen minutes. A loopfu! is then with-

drawn, spread over a coverglass, dried and fixed in a flame. The
bacilli are decolorised in \\ per cent, (by volume) of alcoholic

hydrochloric acid, washed in water and counterstained in methy-
lene blue. Even the most refractory spores are stained deep
red, the bacilli blue.

|uly 25.—The President, the Hon. James Norton, in

the chair. — Descriptions of new Australian Lepidoptera,

by Oswald B. Lower. Forty species, referable to the

Bombycina, Geometrina, Pyralidina, Tortricina, Tinetna
{CEcophoridae, Gelechiadae, Elachistidae, 7/«£?V/a«), are treated

of, thirty-seven being described as new.—On Didymorchis, a
Rhabdocoele Turbellarian inhabiting the branchial cavities of

New Zealand crayfishes, by Prof. William A Hasweli, F.R.S.
Didymorchis attracted notice during a search for allies of the

Temnocephaleae, and is probably the nearest known relative of

the group in question. The animal is about i mm. long and
less than \ mm. in greatest breadth ; and as far as observed is

practically an invariable companion of the crayfish ParanepJifops

setosiis, though not occurring in large numbers. A remarkable

feature is that cilia are developed only on a portion of the ventral

surface of the body, and are entirely absent round the margin
and on the dorsal surface. On the whole the animal seems to

make a nearer approach to the Vorticida than to any of the

other known groups.—Supplement to a monograph of the

Temttocephaleae, by Prof. William A. Hasweli, F.R.S. Three
additional species of Temnocephala are described— T. tasmanica,

allied to the much larger T. quadricornis, occurring in the bran-

chial cavities, and occasionally on the external surface oiAstacopsis

tasmanicus ; T. aurantiaca, found upon the lower surface of the

abdomen of a Tasmanian Astacopsis, at present undetermined
;

and T. coeca, found upon the surface of the remarkable burrowing
Isopod, Phreatoicopsis terricola, Spencer and Hall. The paper
concludes with some remarks on certain points in the structure

of the members of the family, mainly suggested by Monticelli's

recent paper {Bolletino della Soc. di Nat. in Napoli, xii. 1898).

—Observations on the Tertiary flora of Australia, with special
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reference to Ettingshausen's theory of the Tertiary cosmo-
politan flora, Part i. , by Henry Deane.—On the bacterial flora of
the Sydney water supply, .Part i. , by R. Greig Smith. Thirty-
two species of micro-organisms commonly occurring in Sydney
water are described. These include six new species and four
new subspecies.

DIARY OF SOCIETIES.
~

FRIDAY, OCTOBRR 26.

Physical Society, at 5.— Exhibition of Experiments illustrating certain
Phenomena of Vision : Dr. Shelford Bidwell, F.R.S.—-On the Concentra-
tion at the Electrode in a Solution, with special reference to the Libera-
tion of Hydrogen by the Electrolysis of a Mixture of Copper Sulphate
and Sulphuric Acid : Dr. J. S. Sand.—Electromotive Force and Osmotic
Pressure; Dr. R. A. Lehfeldt.

SATURDAY, October 27.
Essex Field Club, at 6.30.—Contributions to the Pleistocene Geology of

the Thames Valley. The Grays Thurrock Area, Part I. : Martin A. C.
Hinton and A. S. Kennard.

THURSDAY, November i.

Chemical Society, at 8.—Dehydrohomocamphoric Acid and its Oxida
tion Products : Arthur Lapworth.—Derivatives of Ethyl a-methyl-0-
phenylcyanglutarate : W. Carter and W. Trevor Lawrence.—The
Nitration of Acefamino-(?-Dhenylacelate (diacetyl-(?-aminophenol)—a Cor-
rrction : R. Meldola, F.R.S., and p:ikan Wechsler.—Rhamiiazin and
Rhamnetin : A. G. Perkin and J. R. Allison.—(i) Luteolin, Part IIL ;

(2) Genisteifl, Part II. : A. G. Perkin and L. H. Horsfall.—Colouring
Matter of the Flowers of Delphiniuiii consolida : A. G. Perkin and
E. J. Wilkinson.—The Action of Alkalis on the Nitro-compounds of the
Paraffin Series, Part II. : Wyndham R. Dunstan, F.R.S., and Ernest
Gouldina.—Hexachlorides of Benzonitrile, Benzamide and Benzoic Acid :

F. E. Matthews. -The Influence of Solvents on the Rotation of Optically-
active Compounds, Part I. : T. S. Patterson.—Note on Gallinek's Amido-
methylnaphthimidazole : R. Meldola, F.R.S., and F. H. Streatfeild.—
The Action of Heat on Ethyl-Sulphuric Acid: W. Ramsay and G.
Rudorf.—The Amount of Chlorine in Rain-water collected at Cirencester :

Edward Kinch.
RoNTGEN Society, at 8.—Presidential Address : Dr. J. B. Macintyre.
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